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RECOVERY SYSTEM 
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ABSTRACT 

 
Waste heat recovery has attracted attention 

throughout the world because of the greenhouse 
effect by fossil fuels, their depletion, and safety of 
energy demand. It is also considered as a free 
source of energy requirements.  For this purpose, 
various methods have been developed and 
implemented in order to recover energy from waste 
heat in industrial power plants in recent years. 
Marine power plants use fossil fuels to meet a 
major amount of their energy requirements. 
Therefore, this leads to not only increase energy 
production costs and environmental pollution but 
also decrease ship energy efficiency. Therefore, 
environmental friendly methods need to be 
preferred by increasing the ship energy efficiency 
and decreasing energy production costs. In this 
study, waste heat recovery methods have been 
investigated and their effects on ship energy 
efficiency and environmental pollution have been 
analyzed. A novel concept has been definite which 
is called specific emissions ratio (SER) for a waste 
heat recovery system. SER can be indicated a 
decreasing of emissions rate of a waste heat 
recovery plants. It is shown in the results that the 
value of SER for CO2 gas component is 3.51 t(kW 
year)-1 in the application without waste heat 
recovery whereas the same value goes down to 3.29 
t(kW year)-1 with the application of waste heat 
recovery.  This system leads to the saving of 0.22 
tons of fuel per unit kW power. 
 
KEYWORDS: 
Air pollution, Environment effect, Marine power plant, 
Ship energy efficiency, Waste heat recovery. 

 
 
INTRODUCTION 

 
Today, almost 90% of the world goods are 

carried by maritime transport account for over 90% 
of European Union external trade and 43% of its 
internal trade due to the marine transportation 
sector is one of the major causes of air pollution 
[1]. Emissions from ships affect global air quality, 

warming. Carbon dioxides (CO2), carbon monoxide 
(CO), particulate matter (PM), nitrogen oxides 
(NOx), and sulfur oxides (SOx) are the most 
significant pollutants emitted from marine diesel 
engines. Ships emit a range of gases from their 
operations at sea and in port areas. The emissions 
produced by navigation result from the combustion 
of fuel in internal combustion engines.  

Annex VI of the MARPOL convention, 
adopted by International Maritime Organization 
(IMO) in 1997, sets limits on NOx and SOx 
emissions from ship exhaust gases for the 
prevention of air pollution from ships. The IMO has 
also specified Energy Efficiency Design Index 
(EEDI) and Ship Energy Efficiency Management 
Plan (SEEMP) that will reduce greenhouse gas 
emission. In the sixty second and sixty third 
meetings held by Marine Environment Protection 
Committee (MEPC), IMO started Energy 
Efficiency Design Index (EEDI) application in 
order to reach greenhouse gas emission targets 
identified by MARPOL Regulation Annex VI for 
ships navigating on international waters [2].  EEDI, 
is an index which is calculated for every ship and 
indication of the energy efficiency of the ship in 
question. This index has to be below the limits 
required by IMO.  EEDI is the amount of CO2 
emitted per mile and per load to the atmosphere by 
the ships (g CO2/ dwt. nm). With the 
implementation of EEDI, ship operators should take 
a series of technical measures in order to reduce 
their CO2 emissions. The proposed or feasible 
technical measures on CO2 reduction mainly is 
aimed to improving energy efficiency of ships. Ship 
energy efficiency can be improved by utilizing 
waste heat recovery (WHR) systems. 

Waste heat recovery means providing more 
energy production by the regular fuel consumption 
[3]. In other words, it leads to energy production 
efficiency. WHR systems are also environmental 
friendly implementations. While there is an 
increase in energy recovery, additional fuel 
consumption is not required. In this way, more fuel 
is saved.  There will be a decrease in harmful 
exhaust gas emissions to the atmosphere by saving 
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the fuel. In short, WHR systems will form more 
environmental friendly effects by decreasing the 
amount of exhaust gas emissions produced per 
power in industrial power plants. Ships are floating 
energy power plants. They produce energy by their 
power and propulsion systems while providing safe 
and economical transportation services from one 
port to another in their economic life. Moreover, 
ships require electricity for maneuvering, hotels and 
operation of all electrical and electronic equipment. 
All energy requirements of the ships are met by 
main diesel engines and generators that use fossil 
fuels. There is much auxiliary machinery powered 
by electrical energy. In view of all these facts, costs 
of the energy production on ships reach high levels 
annually.  For this reason, energy saving and energy 
efficiency on ships cannot be ignored. In addition, 
implementations have been developed in order to 
limit the exhaust gas emissions from ships due to 
international regulations [4] and sanctions are being 
enforced. (Although afore mentioned regulations 
cover all environment and air pollution created by 
ships, only the air pollution is considered because 
of the scope of this study ) [5,6]. 

Taking the given facts in consideration, the 
importance of WHR systems on ships cannot be 
overestimated. In this study, is introduced a 
container ship power plant equipped a WHR system 
which is produced an electricity power by steam 
turbine (turbo generator) and the effects of the 
systems on ship energy efficiency and air pollution 
is also investigated. For this purpose, technical data 
regarding the sample ship have been gathered and 
calculations thermodynamic performance is made. 
In addition, distributions of the WHR, fuel, exhaust 
gas and pollutant components has been investigated 
and identified by using a preferable model in the 
literature. Also it is defined a novel concept called 
specific emissions ratio (SER) for the performance 
of emitted to the atmosphere from the WHR 
system.  
 
 
MATERIALS AND METHODS 

 
Main propulsion systems of a ship mainly 

include power machinery that work according to 
theoretical diesel cycle. On the other hand energy 
production in WHR system is theoretically based 
on Rankine cycle. In short, main propulsion 
systems are operated by ship diesel engines 
whereas power is produced by steam turbines in 
WHR systems. Figure 1 shows the WHR system 
which is produced electricity power by steam 
turbine of the ship. The exhaust gas boiler is the 
main part of the WHR system. The boiler consists 
of the economizer, the evaporator, and the super 
heater. WHR system extracts heat energy from the 
exhaust gas by heating, evaporating and 

superheating water in heat exchangers in the 
stack. The feed water is pumped by the feed water 
pump into the water/steam drum. The heating 
medium is the saturated water contained in the 
drum, which is pumped by the economizer 
circulating water pump. The saturated steam is 
advanced into the super heater section of the boiler. 
The superheated steam enters into the steam turbine 
stages of turbo generator, where it expands 
producing mechanical power and driving the 
electric generator. The condensate steam is then 
pumped into the feed water tank (hot well).  A 
schematic diagram of WHR system and its 
components analyzed in this study is illustrated in 
Figure 2. The system is composed of a main diesel. 

FIGURE 1 
Detail drawing of a WHR system equipped with 

steam turbine on exhaust gas boiler 

FIGURE 2 
A schematic diagram of waste heat recovery 

system and its components analyzed in this study
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FIGURE 3 
Net and wasted energy rates of a main engine 

system without a WHR application (MAN 
B&W, 2012). 

FIGURE 4 
Net and wasted energy rates of a main engine 
system with a WHR application (MAN B&W, 

2012). 
engine, an exhaust gas boiler, a steam turbine, a 
condenser and a pump 

Sankey diagrams are a specific type of energy 
flow diagram, in which the width of the arrows is 
shown proportionally to the flow quantity. Also, it 
can be utilized an energy efficiency analysis in a 
processes. Sankey diagrams are shown in Figure 3 
and Figure 4 supplied by a marine engine system 
without WHR and with WHR applications, 
respectively. There are 4.9% much more energy can 
be recovered by main engine machinery on a 
marine power plant. The main engine of a ship 
without a WHR system produces 49.1% net  power 
while the rest of the power (50.7%) is used in the 

following ways: 2.9% goes to lubrication 
system, 5.2% goes to jacket cooling water, 25.5% 
goes to exhaust gas, 16.5% air cooler and 0.6% 
goes to radiation transfer (Figure 3) [7]. As it can 
be seen, power produced by burning fossil fuels is 
much lower than wasted power. In other words, 
most a lot of the Money spent for energy is wasted. 
The application of WHR system on the same engine 
and the ship is shown in Figure 4. As can be seen in 
the figure, the net power has been increased to 
54.2%. It can be understood that this increase is 
achieved by recovering energy from exhaust gases. 
As a result, energy wasted through exhaust gases is 
decreased to 22.9% [8]. 

Theoretical calculation and analysis of the 
conversion will be based on diesel and Rankine 
cycle principles. Furthermore, fuel savings 
provided by WHR power production and decreases 
in exhaust gases are also included in the analysis. 
Also the ISO Standard Conditions are assumed for 
the calculation methods. An algorithm, given in 
Figure 5, is prepared in order to simplification 
understand the calculation methodology and the 
detailed calculation formulas are given in the 
follow. 

TABLE 1 
Specifications of the container ship 

Length 295 m 
T.E.U. 4,200 - 
Breadth 32 m 
Draught 12.6 m 
Tonnage 55,000 DWT 
Service speed 25 knots 

TABLE 2 
Machinery specifications of the container ship 

Type Sulzer 12RTA 84(C) 
Bore 84 cm 
Stroke 240 cm 
Cylinder number 12 - 
Speed (Slow 
speed) 

102 rpm (Full load) 

Power 48.6 MW (Full load) 
sfoc 168 g/kW.h (Full load) 
Fuel consumption 196 ton.day-1 

Cruising day 275 day.year-1 

For a case study, a container ship which 
installed on a waste heat recovery system is 
considered for calculation and real data are used 
from the ship which properties are shown in Table 
1 and Table 2. Net power produced by ship WHR 
system can be found in the following equation: 

NET ME STW W WSTW W WNET SWWME   (1) 
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FIGURE 5 
The algorithm of calculation methodology for this study 

Where MEWWME  and STWSTWS indicate net power 

produced by main engine in WHR  system and 
steam turbine power by the use of waste heat 
respectively in terms of kW. The efficiency of the  
WHR system can be found in the following 
equation, 

NET
WHR

f f

W

m LHV
NETWN

f fm LHVf f

     (2) 

Where fmfmff  and LHVf indicate the amount of 

fuel consumption (kg/s) and low heating value of 
the fuel (kJ/kg) respectively. The purpose of WHR 
applications is to produce more power by 
consuming the same amount of fuel. In other words, 
power production per fuel consumption can be 
increased by the use of Waste Heat Recovery 
(kWh/g-fuel). In this way, fuel savings, and 
decrease in emissions can be achieved. Fuel saving 

amount ( FSAm& ) provided by WHR system can be

calculated in kg/s as follows, 

ME

ST
fFSA W

W
mm (3) 

The steam turbine is utilized the waste heat 
supplied by main engine exhaust gas for producing 
energy. In the other words there is no supplemental 
fuel consumption while the steam turbine producing 
more energy. 

Fuel saving will also lead to decreased exhaust 
gas emission in proportion to the saved amount. 

EGDm& Mass of Exhaust Gas Decrease , is

explained by the correlation between the amount of 
fuel consumed by ship main engine and resulting 
exhaust gas flow. Decrease in the exhaust gas is 
explained as follows, 

f

exh
FSAEGD m

m
mm          (4) 

where EGDm&  is expressed in unit of kg/s. In 

addition, exhmexhm  is the exhaust gas amount emitted to 

the environment by the ship main engine with 
regard to the fuel that is consumed. Relation 
between exhaust flow, fuel flow and air flow can be 
expressed as follows, 

f a exhm m mf a exhm m mf a ef a emmaa  (5) 

When both sides of equation (5) is divided by 
the fuel flow, the following equation is found, 

1 a exh

f f

m m

m m
a exhm ma ea

f fm mff

 (6) 

when we consider coefficient air flow as 

a

f

m

m
ama

fmff

, equation (6) can be expressed, 
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TABLE 3 
Emission factors (F) on cruising mode for a ship [9,10] 

Types of Main Engine 
Emission Factors in kg/ton-fuel 

CO2 CO NOx SO2 VOC PM 
High speed diesel engine 3170 7.4 57 54 2.4 1.2 
Medium speed diesel engine 3170 7.4 57 54 2.4 1.2 
Slow speed diesel engine 3170 7.4 87 54 2.4 7.6 

1exh

f

m

m
exhme

fm
     (7) 

-fuel ratio. In view of equation
(6) and (7), equation (4) can be expressed in a 
simple way,  

1FSAEGD mm .          (8) 

EGDm& expression indicates the decrease in 

exhaust gas amount caused by the fuel saving in a 
WHR system. However exhaust gas components 
that are emitted to the atmosphere are also 
calculated in this expression. Literature survey 
shows that CO2, CO, NOx, SO2, PM, VOC are the 
main pollutants in the models and calculations of 
air pollution caused by ships. Trozzi ve Vaccaro 
(1998) model that can be used to calculate the 
amount of  ship exhaust gas pollutants is shown 
below [9].  

i jk ijk
jk

E B F .         (9) 

In this expression i shows the type of exhaust 
gas pollutants  (CO2, CO, NOx, SO2, 
j shows the types of fuels that is used (MDO, 
F k shows the type of ship main engine

and Ei, shows the total amount
of exhaust gas produced by the ships. The total 
amount of exhaust gas is usually calculated in terms 
of  (kg/s) or  (ton/year). Bjk  in equation 4 shows 
fuel consumption of a ship with a k type machinery 
that uses a j type fuel. In addition, Fijk is the 
coefficient of the exhaust gas emission factor 
belonging to  i exhaust gas pollutant that is emitted 
to the atmosphere by a k type machinery in (kg-
i/ton-fuel). The values for emission factors which 
are also referenced by Vaccaro and Trozzi are given 
in Table 3. Since WHR systems are considered to 
save money under full load conditions. Table 3 is 
only arranged according to ship full ahead cruising 
mode [10-14]. Taking into consideration the 
notations used in this study, equation (9) can be 
expressed as follow in (kg/s), 

310iFSAi FmE      (10) 

where Fi  is emission factor (kgi /tonfuel)  and 
shown in Table 3. Decreases in exhaust gas 
pollutant provided by ship WHR systems have been 
calculated by using the data in equation (10) and 
Table 3. The evidence in the calculations is 

obtained by using data from the container ship and 
the WHR system. All the specifications and data 
regarding the container ship are shown between 
Tables 1, Table 2 and Table 4.  

TABLE 1 
Data of the exhaust boiler of the container ship 

A new approach is used in this study which is 
the novel concept for analysis of a power plant 
equipped with waste heat recovery system. It is 
well indicate values for comparison the plant with 
WHR and regardless of WHR. The method is called 
specific emissions rate (SER). It is defined as 
amounts of yearly emissions per a unit power 
produced by power plant in (t/kW.year) and given 
in follow, 

j

i

W

E
SER (11) 

where Ei explained above. W&is the total
power values produced by heat engines in a power 
plant. ( j=marine diesel engine, steam turbine, gas 
turbine etc.).  

RESULTS AND DISCUSSION 

In this study is discussed the environmental 
effects of   ship power plant equipped a WHR. For 
this purpose, technical data regarding the sample 
ship have been gathered and calculations 
thermodynamic performance is made. The 
parameters are real data and taken from the 
container ship. In addition, distributions of WHR, 
fuel, exhaust gas and pollutant components has 
been investigated and identified by using a 
preferable model in the literature. Also it is defined 
a novel concept called specific emissions ratio 
(SER) for the performance of emitted to the 
atmosphere from a waste heat recovery systems.  
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TABLE 2 
The results of comparative performance analysis 

TABLE 3 
Gain the exhaust gas emissions with WHR application in the container ship plant 

Type of Plant 
CO2 CO NOx SO2 VOC PM 

Without Waste Heat Recovery 170824 399 4688 2910 129 410 
With Waste Heat Recovery 165200 386 4534 2814 125 396 
Gain 5624 13 154 96 4 13 

TABLE 4 
Comparison of annually specific emissions ratio for the container ship power plant 

Type of Plant 
CO2 CO NOx SO2 VOC PM 

Without Waste Heat Recovery 3.51 0.01 0.10 0.06 0.003    0.01 
With Waste Heat Recovery  3.29 0.01 0.09 0.06 0.002 0.01 

Table 5 shows that an increase of 1600 kW 
can be achieved in gross power by using the WHR 
application. With this power increase, 6.45 tons fuel 
has been saved per day. This energy saving is 
achieved by WHR without consuming any fuel. As 
a result, the net efficiency of the system has risen to 
51.8%. With the power increase without fuel 
consumption environment is also protected. The 
atmosphere is prevented 190 ton of exhaust gas 
emissions per day thanks to WHR applications by 
the container ship main engine. In other words, if 
the ship main engine produces 50200 kW power, 
this machine would burn excessive 6.45 ton of fuel 
per day. As a result, an excessive 190 ton of 
exhaust gas would be not emitted to the 
atmosphere.  

The benefits from the reduction in total 
exhaust gas components are shown in Table 6. 

As it can be seen in Table 6 there is a decrease 
in the exhaust gas components emitted to the 
atmosphere approximately 5905 ton per year in 
total by WHR systems. Table 7 shows the amount 
of exhaust gas component per unit power produced 
by the WHR system. Accordingly the decrease in 
exhaust gas components per unit power produced 
by the WHR system is clearly shown.  For instance, 
the value of SER for CO2 gas component is 3.51 
t(kW year)-1 in the application without WHR 
whereas the same value goes down to 3.29 t(kW 
year)-1 with the application of the WHR.  This 
system leads to the saving of 0.22 ton of fuel per 
unit kW power. As a consequently, a SER 
parameter is an important indications in order to 

environmental effects analysis for ship power plants 
and also thermal plants, nuclear plants, etc. 

Also a Sankey diagram for energy balance is 
drawn and given in Figure 6 to the container ship. 
Regarding to the case study, the amount of fuel 
saving and due to the amount of emissions 
decreased are calculated in the container ship. It is 
clearly understand from the Figure 6, there is a heat 
recovery from the exhaust gas approximately 3.3% 
and produced 1600 kW electricity energy by steam 
turbine. Therefore, the container ship plant has got 
a 51.8% total shaft power. 

The SER parameter is increase on a power 
plant; it is mean that environmental effects can be 
glowingly improved. SER is implied in this study to 
the container waste heat recovery system and the 
results are shown in Table 7.  

As a consequently the traditional WHR 
systems are a good solution for recovery of energy 
with consuming same fuel and due to increased the 
energy efficiency for power plants. Also a cost of 
energy saving and an environment effects are 
decreased when increased of an energy efficiency 
for a system. But there is a still some heat energy 
recovery potential from the exhaust gases. This 
energy cannot be recovery by WHR systems. Some 
novel technological applications have been 
developed and installed in shore power plants to 
recovery this low grade energy. That is we can 
improve the system and due to increase the energy 
efficiency much more on ship power plants.  
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FIGURE 6 
The sankey diagram of case study 

CONCLUSION 

In this study, the environmental effects of 
WHR implemented in a sample container ship with 
diesel engine have been studied. In conclusion, 
WHR applications enable the production of more 
power with the same fuel amount.  These systems 
do not consume excessive fuel and more power is 
produced for the power plant. Despite the common 
belief, not only saving in the fuel amount and the 
cost is achieved, but also environment is protected. 
In this vein, if these types of systems are improved 
and ship applications are developed, significant 
steps will be taken.  

In view of EEDI that has gone into effect for 
ships in recent years, WHR applications are of 
utmost importance. Not only waste heat from 
exhaust gas boiler, but also other types of waste 
energy can be identified on ships that is a purpose 
for the future study.  Consequently, benefits can be 
derived from these types of energy. Thanks to 
recent research, the application of organic Rankine 
cycle (ORC) method on ships is possible. ORC has 
been commonly used in industrial areas. By the use 
of ORC energy savings can be achieved from waste 
heat at very low temperatures. Apart from this, 
absorption cooling systems used in waste heat 
process can be given as another example.  

In brief, ship owners need to examine the 
current onboard operation conditions and analyze 
the efficiency of their ships. Then, they need to be 
able to recover energy from waste heat by using 
WHR systems. Thus, small investments could lead 
to substantial profits. 

NOMENCLATURE 

Abbreviations 
MARPOL: International convention for the 
prevention of pollution from ships 
IMO: International maritime organization 
EEDI: Energy efficiency design index 
SEEMP: Ship energy efficiency management plan 
MEPC: Marine environment protection committee 
WHR: Waste heat recovery 
ISO: International organization for standardization 
LHV: Low heat value 
FSA: Fuel saving amount 
EGD: Exhaust gas decrease 
ST: Steam turbine 
ME: Ship main engine 
W: Power production 
Q: Heat production 
CO2: Carbon dioxide 
CO: Carbon monoxide 
NOx: Nitrogen oxide 
SO2: Sulfur dioxide 
PM: Particular matter 
VOC: Volatile organic compound 
E: Exhaust gas pollutants 
B: Fuel consumption of a ship 
F: Emission factors 
MDE: Marine diesel engine 
GT: Gas turbine 
MDO: Marine diesel oil 
FO: Fuel oil 
ORC: Organic Rankine cycle 
Greek Symbols 

Efficiency
: Air-Fuel ratio

Subscriptions 
i: Types of pollutants 
j: Types of fuels 
k: Types of ship main engines 
m: Mass flow rate 
f: Fuel 
a: Air 
exh: Exhaust gas 
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ABSTRACT 

Dongping Lake is the second largest 
freshwater lake in Shandong Province, China. 
Currently, it is an important reservoir for regulating 
water for the Eastern Route of South-to-North 
Water Diversion Project, and the water quality 
assurance of it is of great importance. The total 
nitrogen, total phosphorus and organic matters in 
both surface water and sediment in Dongping Lake 
were determined to assess the level of 
contamination. The concentrations of TN, TP and 
CODCr in the surface water were 
0.38±0.06~1.17±0.16, <0.020 ± 0.003 
mg/L,14.0±2.1~20.0±3.2 mg/L respectively, lower 

standard (GB3838-
TP in sediment in the estuary of Dawen River were 
higher because of the wastewater drainage from 
Dawen Rive, while the OM concentration were 
higher in southwest of Dongping Lake, probably 
due to the precipitation of dead hydrophytes in the 
aquaculture area. The result of assessment using 
enrichment factor method showed that the sediment 
situated around of Lashan wharf and estuary of 
Dawen River were moderately severe enrichment of 
phosphorus, and the sediment at estuary of Dawen 
River were moderately enrichment of nitrogen, and 
sediment in all region of Dongping Lake were 
minor enrichment of organic matters. The result of 
Geoaccumulation index indicated that sediments in 
Dongping Lake were uncontaminated to be 
moderately contaminated.  

KEYWORDS:  
South-to-North Water Diversion Project, Sediments, 
Nutrients, Distribution characteristic, Assessment 

INTRODUCTION 

The contents of nitrogen and phosphorus are 
known to play a key role in determining the 
ecological status of aquatic systems [1-5]. Nitrogen 

and phosphorus in excess may lead to diverse 
blooms, loss of oxygen, taste and odour problems, 
fish deaths and loss of biodiversity [6, 7]. Nitrogen 
and phosphorus enrichment seriously degrades 
aquatic ecosytems, impairing the use of water for 
dringking, industry, agriculture, recreation and 
other purposes [8]. Several studies in the past have 
associated oligotrophy with the absence of 
measurable concentrations of nutrient and have 
defined eutrophication as a qualitative parameter 
referring simply to nutrient or organic matter 
enrichment from external sources and resulting in 
high biological productivity [9-11]. However, for 
the freshwater bodies, contaminated sediments are 
regarded as the most important sources of nutrients 
leading subsequently to eutrophication [12, 13]. 
Nutrient release processes have a significant impact 
on the water quality and may result in continuous 
eutrophication of lakes and rivers, even when 
external nutrient sources are under control [14-16]. 
Phosphorus is a major nutrient controlling 
eutrophication in many aquatic systems [7, 17]. 
Along with the rapid economic growth, tourism and 
industrialization, the sediment P separation can 
enhance the understanding of P cycling in the 
aquatic ecosystem [18]. It is believed that 
controlling P is the best approach for reducing 
eutrophication [19].  

Dongping Lake is a adjusting and important 
freshwater lake on the Eastern Route of the South-
to-North Water Diversion (SNWD) project, and the 
location of the lake is very important for the project 
[20] on
Planning of SNWD Project for Shandong (China) 

(GB3838
important element in the success of the Eastern 
Route of the SNWD [21]. Dawen River is the main 
river flowing to Dongping Lake. Domestic sewage 
and industrial waste water without treatment from 
cities (Laiwu, Xintai, Feicheng, Ningyang and 
Dongping) has discharged into Dawen River last 
century 90s. Therefore, investigation of the 
nutrients and organic matter distribution 



© by PSP  Volume 25  No. 4/2016, pages 2269-2277 Fresenius Environmental Bulletin 

characteristics of the water and surface sediments in 
Dongping Lake is clearly essential. There was some 
previous research on phosphorus distribution in 
sediment of Dongping Lake [22-24], while, there is 
still a lack of investigation of nitrogen and organic 
matters pollution for the water and sediments in 
Dongping Lake.  

Therefore, this paper will systematically 
investigate the distributions of total nitrogen (TN), 
total phosphorus (TP) and organic matter in the 
water and sediment and assess of sediment 
contamination in Dongping Lake. This work lays 
groundwork towards a comprehensive 
understanding of the current nutrient levels of 
Dongping Lake and provides essential knowledge 
for establishing appropriate water quality 
management policies and remediation strategies. 

MATERIALS AND METHODS 

Study area. As shown in Fig.1 (left), the 
water of Yangtze River water will be transported 
more than 1100 km from Yangzhou to Tianjin and 
Beijing in the SNWD project. Dongping Lake in 
the red circle, an important reservoir (35°30'
36°20'N, 116°00' 116°30'E), serves serve a 
pivotal role in the Eastern Route of SNWD of 
China and water transmission from the west to the 
east of Shandong Province. Additionally, the lake 
plays a major role in regulating the Yellow River 

and Dawen River floods. Dongping Lake is the 
second largest fresh-water lake in Shandong 
Province, China, and also the only large natural 

geological and morphological changes in the lower 
reaches of the Yellow River [21]. The current size 
of the lake, including the old and the new lake, is 
about 627 km2. The multi-annual mean water depth 
of the lake is 2-4 m, with a perennial area of 124 
km2. The recharge coefficient of the lake is 61.2, 
and the total storage volume is 4.0 billion m3. 
Depth varies slightly annually and seasonally. 
Recharge to Dongping Lake relies mainly on 
surface runoff via the Dawen River. The water in 
the lake flows north through the Xiaoqing River 
and enters the Yellow River. Dongping Lake is 
being utilized for flood control, irrigation, water 
supply, aquatic breeding and tourism [21]. 

Sampling sites. As shown in Fig.1, Dawen 
River, a main tributary, originates in north of 
Xuangu Mountain, and collects water from 
branches of the Tai-Yimeng mountain range. 
Affected by the terrain, Dawen River winds its way 
from west to east, and then flows into Dongping 
Lake. Then, the water run through the lake from 
south to north, out of the lake in the north, and flew 
into the Yellow River. Driven by the natural 
hydraulic flow, nutrients are transported from the 
upstream lake to the downstream lake as indicated 
by the arrow in Fig. 1. In this study, surface 

FIGURE 1  
Geographic map of Dongping Lake and sampling sites (Right: A-downstream lake, B-Center of the lake, 

C-Estuary of Dawen River, D-Southwest of the lake (aquaculture area). 
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TABLE 1  
Water quality and its characteristics of the sampling fields 

Site fields 
Salinity 

mg/L
 

DO pH 
Transparenc

y 
cm  

Water 
depth 

m  
Other details 

C-Estuary of Dawen 
River 

524±22 
6.91±0.3

4 
7.0±0.

3 
30±15 1.2±0.6 lots of wharf  

D-Southwest of 
the lake 

451±20 
9.25±0.6

1 
6.5±0.

3 
35±10 2.8±0.4 aquaculture region 

B-Center of 
the lake 

470±16 
7.01±0.3

0 
6.5±0.

2 
31±10 2.3±0.5 

A-Downstream of 
the lake 

426±12 
8.74±0.2

6 
7.0±0.

4 
65±10 3.0±0.6 

effluent water 
flowing  

to Yellow River 

sediment samples (0-20 cm below the water
surface interface) and the surface water (0-20 cm 
below the water surface) were collected 
respectively at 15 sites across the lake to study the 
spatial distribution of nutrient contents within the 
lake. The samples were mainly located at the 
downstream of the lake (A area), the center of the 
lake (B erea), the estuary of Dawen River (C area), 
and the southwest of the lake (D area), respectively 
(Fig.1 right). 

The salinity, DO, pH, and transparency for the 
water were shown in Table 1. The salinity, DO and 
pH of water in Dongping Lake were 426 12~524

22mg/L, 6.91 0.34~9.25 0.61 mg/L and 6.5
0.2~7.0 0.3, respectively. 

Sampling collection and analysis. Surface 
layer sediment (0-20 cm) samples were collected 
with a home-made core Plexiglas sampler from the 
aforementioned sampling sites in April, 2012. The 
samples collected from each site consisted of 3 
parallel samples. Following collection, the samples 
were sealed in plastic bags and stored in a 
refrigerator at 4oC without exposure to light. 
Sediment samples were air dried for 30 day at room 
temperature with exposure to the day light. Then, 
the large solid components (stones and plant) were 
removed by a 0.15-mm sieve. The sieved samples 
were stored in air-sealed plastic bags before further 
analysis. At the same time, the surface water 
samples were collected, and stored in 500 ml 
polyethylene bottles at a cooler at 4oC. All of the 
samples were sent to Environmental Laboratory, 
Shandong Jianzhu University for further analyses. 

TN, TP. and CODCr in the water were 

[25].
Sediment samples were air dried at room 

temperature in daylight. Then, the large solid debris 
(such as stones and plant) in the dried samples was 
removed by a 100 mesh sieve. The sieved samples 
were stored in air-sealed plastic bags before further 
analysis.  

To measure TP in the sediment samples, 0.25 
g sediment samples were digested in Teflon vessels 
with 12 mL HNO3 (65%): HCl (37%) = (3:1) 
mixture in a microwave oven (MARS X-press, 
CEM) [26, 27]. Then, TP in acid digested extract 
was determined by the ascorbic acid method using a 
Shimazu spectrophotometer (UV3600) [28]. TN 
was determined using an elemental analyzer 
(CE440, Exeter Analytical, Inc., North Chelmsford, 
MA, USA). To measure OM, the sediment samples 
were first dried at 60oC for 24 h to remove moisture 
[29]. Then, the samples were weighed and heated in 
a muffle furnace at 550oC for 2 h to further remove 
OM. Finally, the sediment samples were re-
weighed to calculate OM percentage, which was the 
difference between the ash weight and dry weight 
divided by the dry weight. All samples were 
analyzed in triplicate, and the results were 
expressed as mean and standard deviation.  

All samples were analyzed in triplicate, and 
the results were expressed as mean and standard 
deviation. SURFER software (Golden Software 
Inc.) is used to analyze the spatial distribution of 
sedimentary TN, TP and OM in Dongping Lake. 

Assessment of sediment contamination. 
Enrichment factor (EF) and Geoaccumulation index 
(Igeo) were mainly used to assess the degree of 
heavy metal contamination in sediments. In this 
study, we evaluated the TN, TP and OM in 
sediments of Dongping Lake using modified EF 
and Igeo. 

EF. EF is defined using the relationship below 
(Eq. (1)) [30]: 

EFi=Ci/CBV             (1) 
EFi is the enrichment factor of the nutrient i. Ci 

is the concentration of the nutrient i in sediment 
samples and CBV is the environmental background 
value. In this paper, CBV value was obtained from 
annual monitoring for Dongping Lake sediment 
[31]. Depending on the calculated values of EF, the 
sediment contamination can be classified as no 
enrichment when EF<1, minor enrichment when EF 
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is 1~3, moderate enrichment when EF is 3~5, 
moderately severe enrichment when EF is 5~10, 
severe enrichment when EF is 10~25, very severe 

severe enrichment when EF is >50 [30]. 

Igeo. Igeo is calculated by the following 
equation (Eq. (2)) [6]: 

Igeo = Log2(Cn)/[1.5(Bn)]      (2) 
Cn is the concentration of the nutrients in 

sediment samples and Bn is the background 
concentration of the nutrient. Factor 1.5 is the 
background matrix correction factor due to 
lithospheric effects. The Igeo consists of seven 
classes [32]. Igeo

0<Igeo

contaminated; 1<Igeo

2<Igeo

3<Igeo  is heavily contaminated; 4<Igeo

heavily to extremely contaminated; 5<Igeo is 
extremely contaminated [33]. 

RESULTS 

Nutrient and COD concentrations in 
surface water. Mean concentrations of nutrients 
and CODCr in surface water samples at each sites in 
this study, and maximum concentrations reported 
from previous studies were shown in Table 2. 

As shown in Table 2, TN concentrations in the 
surface water ranged from 0.38±0.06~1.17±0.16 
mg/L, and CODCr concentrations ranged from 

14.0±2.1~20.0±3.2 mg/L, TP concentrations varied 
from 0.00±0.00~0.020±0.003 mg/L. The higher TN 
and CODCr concentrations were recorded at sites 5, 
6 and 8 situated the estuary of Dawen River. TP 
concentrations at each site were all low.  The 
highest TN concentration was more than two times 
higher than the lowest TN concentration, while the 
highest CODCr concentration was only a little 
higher than the lowest CODCr concentration. Except 
the TN concentrations in sites 5, 6, 8 exceeded the 
standa
water quality standard (GB3838-
concentrations of TN, TP, CODCr can meet the 
Grade III standard values in China. Compared with 
the maximum concentrations reported by previous 
studies conducted in the same area [34, 35], the 
water qualities of TN and TP were improved 
greatly in recent. 

TN, TP and organic matter concentrations 
in surface sediments. As shown in Fig.2a and 
Fig.2b, the distribution pattern of TN was in the 
range of 426.0±52.3~839.0±123.0 mg/kg, with an 
average of 647.0±87.6 mg/kg. TP contents in 
sediments were in the range of 
167.0±23.4~488.0±63.2 mg/kg, with an average of 
336.0±43.2 mg/kg. Concentrations of TP in 
sediment of Nansi Lake were 759.0~896.0 mg/L, 
and mean of 816.0 mg/L [28], was obviously higher 
than those of Dongping Lake. Sites of higher TN 
and TP concentrations were found in the southeast 
of Dongping Lake, which are the estuary of Dawen 
River. 

TABLE 2  
Mean concentrations of nutrients and COD in surface water samples at typical sites in this study, and 

concentrations reported for previous studies 

Sites 
Mean concentrations of nutrients and CODCr  (mg/L) 

TN TP CODCr References 

1 0.38±0.06~ 0.00±0.000 14±2.1 

This study 

2 0.82±0.11 0.01±0.002 16±2.4 

3 0.99±0.14 0.02±0.003 15±1.7 

4 0.51±0.12 0.01±0.002 11±1.2 

5 0.62±0.06 0.01±0.002 14±1.8 

6 0.70±0.03 0.01±0.002 15±2.1 

7 0.68±0.05 0.01±0.001 13±1.2 

8 0.63±0.06 0.01±0.002 13±1.5 

9 1.12±0.18 0.01±0.002 17±2.1 

10 1.17±0.16 0.01±0.002 15±2.8 

11 1.36±0.23 0.01±0.001 20±3.2  

12 0.43±0.06 0.02±0.003 16±2.6 

13 1.02±0.15 0.01±0.001 16±1.8 

14 1.02±0.15 0.01±0.001 17±2.2 

15 1.06±0.15 0.01±0.001 15±2.1 

4.75±0.76 0.10±0.002 --   [34] 
1.34-14.60 0.081-0.182 44-65.6   [35] 



© by PSP  Volume 25  No. 4/2016, pages 2269-2277 Fresenius Environmental Bulletin 

FIGURE 2 
Distribution of TN and TP contents in surface sediments of Dongping Lake 

 (a. TN; b, TP) 

The distribution of OM in surface sediments 
of Dongping Lake was shown in Fig.3. OM 
contents in sediments were in the range of 
48981.0±6435.2~124924.0±18943.6 mg/kg, with 
an average of 87658.0±12653.1 mg/kg. 
Concentrations of OM in sediment of Nansi Lake 

were mean of 118300.2 mg/kg [28]. Thus, the OM 
concentrations in sediment of most Dongping Lake 
were lower than in Nansi Lake. Sites of higher 
concentrations were at southwest of Dongping 
Lake. 
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FIGURE 3 
Distribution of OM contents in surface sediments of Dongping Lake 

DISCUSSION AND CONCLUSIONS 

Distribution characteristics of TN, TP and 
OM in sediments. Nutrients of Dongping Lake 
mainly come from industrial wastewater, domestic 
sewage and surface runoff of Dawen River basin 
and valleys of Dongping Lake and so on [22, 36]. 
According to an estimation, the most important 
sources of nutrients is Dawen River and input of the 
river accounts for about 82.61% of the total 
phosphorus input, were higher than valleys of 
Dongping Lake (14.47%) [22]. According to 
statistics, industrial and urban household 
wastewater discharge was about 1.64×104 t/a, 
CODCr was 6.42×104 t/a, and most of the 
discharging wastewater was worse than Grade V 
during 1995~2004. Some studies also showed that 
phosphorus in industrial wastewater and domestic 
sewage discharge of Dawen River have increased 
these years, and the input of TN and TP from 
Dawen River were 4218 t/a and 161 t/a, 
respectively. However, the TN and TP in the Lake 
from the aquaculture and others only accounted for 
17.6% and 17.4%, respectively [36]. So, the sites of 
higher TN and CODCr concentrations in water, 
higher TN and TP concentrations in sediment were 
mainly located at the estuary of Dawen River, 
mostly due to the wastewater from the upstream of 
Dawen River.  

The concentrations of OM in sediment at 
southwest of Dongping Lake were higher than other 
regions, probably due to that there were the 
precipitation of lots of dead hydrophytes at the 
southwest regions when sediment samples were 
collected. 

Assessment of TN, TP and OM for 
sediments. EFs of TN, TP and OM for 
sediments. As shown in table 3, the results 
suggested that the pollution extent of the sediment 
decreased from the upstream to the downstream in 
the lake. The phosphorus were moderately severe 
enrichment (5<EF<10) in the sediments at sites 
around the estuary of Dawen River. The nitrogen 
were moderately enrichment (3<EF<5) in the 
sediments of sites around of estuary of Dawen 
River. The organic matters were minor enrichment 
(1<EF<3) in the sediments of all lake. 

Igoes of TN, TP and OM for sediments. As 
shown in table 4, the Igoes (0<Igoes<1) showed that 
the sediments of all sites were uncontaminated to 
moderately contaminated by nitrogen, phosphorus 
and organic matters. The Igoes of TN and TP in 
sediments around the southeast of Dongping Lake 
were greater than those in other sites, while the Igoes 
of OM in sediments around the southwest of the 
Lake were greater. The sites with 
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TABLE 3 
EFs of TN, TP and OM for sediments of all sites in Dongping Lake 

Sites 
EF 

TP TN OM 

1 3.64 1.80 1.52 
2 6.98 2.25 1.96 
3 2.86 1.85 2.11 
4 2.78 2.10 1.86 
5 4.14 1.65 2.55 
6 3.54 1.76 1.85 
7 3.78 1.82 2.02 
8 3.50 1.96 2.65 
9 7.16 2.77 1.34 
10 7.25 3.25 1.00 
11 8.34 3.25 1.39 
12 1.95 1.90 1.68 
13 5.60 2.15 1.80 
14 3.98 2.25 2.10 
15 5.92 2.66 2.54 

higher contents of TN and TP in sediments 
were probably caused by the reason that the 
southeast of Dongping Lake was the estuary of 
Dawen River, which has been brought lots of 
nitrogen and phosphorus to the lake since 1980s 
[31]. The higher OM in sediments probably was 
due to cage culture in the southwest region of the 
lake, which resulted in the precipitation of lots of 
aquatic plants in the winter. 

The distribution and pollution level of 
nutrients in the surface water and sediment in 

Dongping Lake were investigated. The result 
showed that all the concentrations of TN, TP, 
CODCr in the lake water could meet the Grade III 

standard (GB3838- N contents a
little bit higher over the standard value in the 
estuary of Dawen River. And the higher 
concentrations of TN and TP in the sediment were 
also recorded at the estuary of Dawen River. The 
higher OM concentrations were found at southwest 

TABLE 4  
Igoes of TN, TP and OM for sediments of all sites in Dongping Lake 

Sites 
Igoe 

TP TN OM 

1 0.045 0.014 0.00021 
2 0.051 0.014 0.00022 
3 0.043 0.014 0.00022 
4 0.048 0.014 0.00021 
5 0.046 0.014 0.00023 
6 0.051 0.014 0.00022

7 0.047 0.014 0.00022

8 0.042 0.014 0.00021

9 0.051 0.015 0.00022 
10 0.051 0.015 0.00021 
11 0.052 0.015 0.00022 
12 0.040 0.014 0.00022 
13 0.045 0.015 0.00022
14 0.046 0.015 0.00023
15 0.049 0.015 0.00023 
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of Dongping Lake, probably due to the dead plants 
resulted from the aquaculture.  

The EFs showed that phosphorus in sediment 
situated at the estuary of the Dawen River, which 
were moderately severe enrichment. While the 
nitrogen in sediment at the estuary of Dawen River 
were moderately enrichment and the organic 
matters in sediment of Dongping Lake were minor 
enrichment. From the analysis of the Igoes indexes, 
the sediments in Dongping Lake were in pollution 

contamin
organic matters. 
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ABSTRACT 

Removal of ammonia in a batch reactor using 
granular activated carbon (GAC) and microwave 
(MW) radiation proceeded via stripping as the 
principal mechanism. The removal rates were 
below the theoretical values of NH3·H2O across the 
pH range studied. Higher removal rates were 
achieved at higher GAC dosages. Conversely, the 
initial concentration of ammonia nitrogen 
(500 5000 mg/L) minimally influenced the
removal rate. Dynamics studies showed that the 
process followed first-order kinetics in two sections 
of the mass transfer process, with coefficients K1 

(0 1 min) and K2 (1 6 min) that were higher than
that associated with conventional stripping. 
Furthermore, K1 was larger than K2 owing to rapid 
solution temperature increases during the first 1 
min of MW irradiation. Under MW irradiation, the 
porous surface of GAC in solution generated 
numerous small steam bubbles continuously that 
assisted the removal of ammonia in solution. 
Furthermore, owing to the porous structure of GAC 
and steam bubble production, GAC offered a more 
efficient path of energy transfer from MW to liquid 
that enhanced the heat transfer efficiency from MW 
power to heat. Hence, the combined use of MW 
irradiation and GAC is less energy intensive than 
the use of MW irradiation solely. 

KEYWORDS: 

ammonia nitrogen, dynamic, energy transfer, granular 

activated carbon, microwave 

INTRODUCTION 

Ammonia nitrogen in high concentrations is 
commonly present in landfill leachate and 
wastewater from the coke, tannery, and textile 
industries, as well as in plant fertilizers [1]. The 

resulting low C/N ratio leads to the suppression of 
microorganism activity in biological treatment 
systems[2 3]. 

Stripping is universally applied in the 
pretreatment of ammonia-rich wastewater owing to 
its efficiency and stability. However, stripping is an 
energy-intensive and expensive process because it 
requires heating and aeration. In contrast, the use of 
microwave (MW) irradiation towards the removal 
of ammonia in solution has led to sound results [4
5]. The removal of ammonia in solution using MW 
irradiation is known to operate via a primary 
air-stripping mechanism [6]. Carbon is known to 
generate high temperature increases in surrounding 
media when exposed to MW radiation [4]. 
Moreover, it was demonstrated in a patent [5]that 
the combined use of MW irradiation and activated 
carbon powder results in a rapid response and high 
efficiency[6] when compared with other stripping 
methods. For ease of separation following treatment, 
granular activated carbon (GAC) was used as a 
fixed bed [7] and continuous flow through the 
system was obtained. The results showed that the 
system was effective and achieved consistently high 
ammonia removal efficiencies of 94% without 
additional aeration. 

In this study, the effect of pH, irradiation time, 
and concentration and amount of GAC was 
investigated in batch reactor mode. Subsequently, 
dynamics studies on the removal of ammonia by 
MW and GAC combined technology (MW-GAC) 
were conducted. The high ammonia removal 
efficiencies using MW-GAC were ascribed to the 
production of steam bubbles and efficient energy 
transfer paths generated during the process. 

MATERIALS AND METHODS 

GAC obtained from walnut shells[8]was 
washed and oven dried at 378 K prior to use. The 
removal rates of ammonia in solution using GAC 
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and MW irradiation were studied. Studies 
investigating the effects of various parameters (e.g., 
pH, irradiation time, and dosage of GAC) on the 
removal rates of ammonia in solution as well as the 
dynamics of the process were conducted using the 
set up shown in Fig. 1.  

FIGURE 1 
Schematic of the MW-GAC system. 

1: microwave oven; 2: reaction flask; 3: breath 
bottle; and 4: off-gas treatment system. 

A microwave oven with a microwave 
chemistry reactor (MCL-2, 500 W, 2450 MHz) was 
used as the MW source. In a typical experiment, a 
solution (100 mL) containing a known amount of 
GAC was introduced onto the reactor for a 
predetermined amount of time. The off-gas diffused 
through two conical flasks containing 100 mL 0.5 
M H2SO4 to collect ammonia in the gas phase. The 
breath bottle was used to prevent back-flow of the 
liquid to the reactor when the MW irradiation was 
turned off. The temperature of the solution in the 
flask in the presence and absence of GAC following 
MW irradiation was measured. 

RESULTS AND DISCUSSION 

Effect of pH. Because the ammonia nitrogen 
removal efficiency is highly sensitive to pH 
changes, the effect of pH was first examined. The 
ammonia nitrogen removal rates using MW 
irradiation solely and the MW-GAC system were 
measured as a function of pH as shown in Fig. 2. 
For comparison purposes, the theoretical values are 
also presented [9]. 

As observed from Fig. 2, with increasing pH 
values, the removal rate increased significantly. The 
equilibrium between soluble ammonium ions NH4+

and dissolved molecular ammonia NH3 in 
wastewater is determined mostly by pH[9]. The 
equilibrium reaction is shown in Equation 1 and the 
associated NH3 distribution coefficient, NH3, can be
calculated using Equation 2 as follows: 

OHNHOHNH 423 (1) 

][][ 43

3
3 NHNH

NH
NH (2) 

FIGURE 2 
Removal rates of NH3-N by MW and MW-GAC 
as a function of pH, theoretical values are also 

presented. 

High pH values favor ammonia volatilization 
by shifting the position of the equilibrium of the 
reaction shown in Equation 1 to left. At pH 11, 
98.2% of ammonia nitrogen in the form of NH3 is 
expected in theory. As observed, this value was 
consistent with the ammonia removal rate of 94% 
achieved by the MW-GAC system, which was 
considerably higher than that achieved using the 
MW system (i.e., 50%). The same trend was 
obtained at the other studied pH conditions. 
According to literature studies [10], the MW system 
can achieve higher removal rates of 90% in the 
presence of aeration and under adequate reaction 
times. Thus, these findings indicate that the 
principal mode of ammonia removal using either 
the MW-GAC or MW system is via stripping. 
However, the removal efficiency achieved by the 
MW-GAC system is considerably higher than that 
achieved by the MW system.  

A solution pH of 11 was selected in the 
subsequent studies. Moreover, pH 11 is typically 
used in the industry and research studies. 
Additionally, pH 11 is commonly selected because 
it is the optimal pH in terms of both performance 
efficiency and economical considerations. 

Effect of GAC amount. GAC is an important 
component of the MW-GAC system. The amount of 
GAC in solution influences temperature increases 
and steam generation. Variations in the NH3-N 
removal rate and reaction temperature as a function 
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of irradiation time and amount of GAC are showed 
in Fig. 3. 

FIGURE 3 
Variations in the NH3-N removal rate and 

reaction temperature as a function of irradiation 
time and amount of GAC. 

It is widely known that high aqueous solution 
temperatures result in low solubility of NH3-N. 
Although carbon can absorb microwave irradiation 
and subsequently increase the solution temperature 
rapidly, a delay is observed at the early stages of the 
process because of initial heat removal by water. 
Consequently, a temperature difference as a 
function of GAC dosage was not obvious in the 
first 0.5 min of the reaction. In contrast, very minor 
temperature variations were observed as the dosage 
of GAC varies within a reaction time period of 
0.5 1.5 min. Conversely, distinct ammonia nitrogen
removal rate variations were noted at the early 
stages of the reaction. These findings indicate a 
discrepancy between the temperature difference and 
removal rates achieved. 

This discrepancy was attributed to the means 
of heat transfer to the liquid i.e., via steam bubbles, 
which facilitated the removal/stripping of molecular 
ammonia. The higher the content of GAC in the 
system, the higher the content of generated steam 
bubbles, and consequently the higher the removal 
rates of ammonia nitrogen. Fast removal of 
ammonia at the early stages of the process was 
attributed to the combined temperature rise of water 
and steam bubble production in the presence of 
GAC. 

Based on the conditions used herein (i.e., 100 
mL solution), a GAC dosage of 2 g was chosen as 
the most economical amount to achieve high 
nitrogen removal rates. Higher dosages of GAC 
would instigate further steam production and liquid 
evaporation, leading to lower concentrations of 
condensate.  

Effect of initial concentration. Here, the 
removal rates of ammonia using the MW-GAC 
system at different initial ammonia concentrations 
were investigated, and the results are shown in Fig. 
4.  

FIGURE 4 
Removal rates of NH3-N as a function of 

irradiation time and initial ammonia 
concentration. 

As observed from Fig. 4, significant ammonia 
removal rates using the MW-GAC system were 
achieved even at a high initial ammonia 
concentration of 5000 mg/L. At high solution 
concentrations, with the escape of molecular NH3, 
pH decreases, which limits the maximum removal 
rate. Concurrently, high concentrations of NH3·H2O 
facilitate contact between steam and air that 
consequently leads to slight increases in the 
removal rate[11]. However, in the current 
MW-GAC system, no contact issues are expected 
owing to the onset of strong turbulence upon 
mixing of the GAC and MW components. As a 
result, increasing the initial concentration to 10-fold 
led to a slight decrease (of ~6%) in the removal 
efficiency.  

The experimental results suggest that unlike 
the effect of pH, irradiation time, and amount of 
GAC, the effect of initial ammonia concentration 
was relatively small.  

Dynamics of ammonia removal by 
MW-GAC. Ammonia removal by MW-GAC can 
be described as a mass transfer process, involving 
water evaporation [12] and an air-stripping 
mechanism[13]. At a given GAC dosage and pH, 
the concentration of NH3 at different reaction times 
can be expressed as follows: 
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)()(ln 21
2

1 ttKF
C

C
(3) 

where C1 and C2 denote the concentration of 
NH3 at time t1 and t2, respectively; t2 is no greater 
than the value required for obtaining C2 that is 
equivalent to the theoretical value at a given pH. 

Assuming that the reaction follows first-order 
kinetics, i.e., NH3 converts into the gas phase from 
liquid under the action of MW-GAC, K is a 
constant, as deduced by the slopes of the curves 
shown in Fig. 5. 

FIGURE 5 
Relationship between ln C and t at different 

initial concentrations. 

Analysis of the kinetics data reveals that the 
mass transfer coefficient K values obtained at 
varying initial concentrations were relatively stable 
and comparable in the range of 0 1 min (K1). The
mass transfer coefficient K values obtained in the 
range of 1 6 min (K2) were smaller when compared
with K1. The results are summarized in Table 1. 

The discrepancy between K1 and K2 was 
influenced by the temperature of the liquid. At the 
early stages of the reaction (i.e., 0 1 min), the rise
in the temperature of water and stripping of small 
bubbles occurred simultaneously. As a result, the 

solubility of NH3-N decreased with increases in the 
temperature, consequently leading to K1 values that 
were higher than K2 values. K2 mainly reflects the 
bubbling process as the temperature of water was as 
high as 363 K at 1 min of reaction. 

K values were associated with other stripping 
processes (e.g., air-stripping, steam-stripping, and 
stripping tower) at a pH 11 range between 0.0016 
and 0.0033 min 1 [13 14], which are considerably
lower than K1 and K2 obtained here using the 
current MW-GAC system. K values in the 
literatures were measured within a certain 
temperature range(like 20-80 ), with air or steam 
stripping as the main mode of removal mechanism. 
Hence, they were comparable to K2 obtained herein 
instead of K1, which reflects the temperature and 
bubbling. 

Energy transfer path. Bubble evolution from 
the porous surface of GAC is schematically shown 
in Fig. 6. 

FIGURE 6 
Schematic of bubble generation on the porous 

surface of GAC. 

The cyclic process involves three steps: (1) 
upon prompt heating of GAC by MW, the liquid 
nearby evaporates, leading to the formation of small 
steam bubbles; (2) the bubbles grow and finally 
escape the pores; (3) as a result, a vacuum is 
created in the pores that forces the liquid into the 
pores. Bubbling in the MW-GAC system can assist 

TABLE 1 
Mass transfer coefficient K and corresponding coefficient of determination (R2) 

Initial 

concentration 

(mg/L) 

K1 ( min-1) (R2) 

(0 1 min)

K2 ( min-1) (R2) 

(1 6 min)

500 1.988 (0.961) 0.137 (0.922) 

1000 2.094 (0.936) 0.060 (0.896) 

2000 1.672 (0.983) 0.077 (0.982) 

5000 2.111 (0.935) 0.079 (0.909) 
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with removing ammonia nitrogen in solution as 
well as enhancing the efficiency of energy transfer 
by increasing the contact interface between steam 
and liquid. 

Though the test results indicate that the 
MW-GAC system is effective for removing 
ammonia, analysis of the associated energy 
consumption is necessary to determine the practical 
application of this technology. The energy transfer 
paths and efficiency of the MW-GAC and MW 
systems were compared (the MW system is more 
energy efficient than the traditional steam-stripping 
method, as reported [9]). The energy transfer paths 
and efficiency of the MW-GAC and MW systems 
are shown in Fig. 7. 

FIGURE 7 
Energy transfer paths and efficiency of the 

MW-GAC and MW systems. 

As observed from Fig. 7, GAC can absorb 
MW and subsequently induce a temperature rise per 
unit of time that was higher (i.e., 21 K/s) than that 
generated by water (i.e., 0.6 K/s) under exposure of 
MW irradiation only [15] at the same given weight; 
this corresponds to a 35-fold increase. Compared 
with the MW system, the MW-GAC system 
involves an additional heat transfer step from GAC 
to water; however, only 10% of heat loss was noted 
during the heat-transfer process. The coefficient of 
boiling heat transfer from a porous surface was 2- 
to10-fold higher than that of conventional heat 
transfer, resulting in high heat transfer efficiencies 
of up to 90% [16]. Thus, it can be deduced that the 
MW-GAC system was less energy intensive than 
the MW system towards the removal of ammonia. 

In the batch system, a small amount of GAC 
or a short reaction time was used to prevent 
complete evaporation of water to maximize the 
energy-saving effect. As observed from Fig.2, in 
general, the temperature of the liquid in the 
combined presence of MW irradiation and GAC 
was slightly higher than that observed in the 
presence of MW only. However, a slight delay in 
the temperature rise was observed in the MW-GAC 
system because GAC required some time to heat up. 

This finding is consistent with the energy-transfer 
paths and efficiency obtained for the GAC-MW and 
MW systems. 

CONCLUSION 

Ammonia nitrogen removal by MW-GAC was 
deduced to proceed via a stripping mechanism 
because the removal rates remained below the 
theoretical values under the range of pH studied. 
Higher dosages of GAC led to higher ammonia 
nitrogen removal rates. In contrast, the initial 
concentration of ammonia nitrogen had minimal 
influence on the ammonia nitrogen removal rate. 
Additionally, the dynamics of ammonia removal 
process using the MW-GAC system was examined. 
The process followed a first-order kinetics, with 
two associated mass transfer coefficients of K1 (0 1
min) and K2 (1 6 min). The mass transfer
coefficients obtained here were considerably higher 
than that of conventional stripping. Furthermore, K1 
was significantly higher than K2 owing to the rapid 
solution temperature rise within the first 1 min of 
reaction that helped decrease the solubility of 
ammonia in solution. 

Additionally, bubbling in the MW-GAC 
system contributed to the removal of ammonia in 
solution and heating of water by a boiling 
heat-transfer process on the porous surface of GAC. 
The presence of GAC in the MW system generated 
an additional path for energy transfer between MW 
and liquid. Accordingly, the current system is less 
energy intensive than the MW system towards 
ammonia stripping owing to the strong MW 
absorption ability of GAC and efficient boiling heat 
transfer. 
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ABSTRACT 

The study was carried out to identify the likely 
sources of groundwater pollution in the basement 
rocks of eight (8) Local Government Areas in Oyo 
State, Southwestern, Nigeria. Groundwater data 
between 2008 and 2009 were collected from the 
Water and Sanitation Department of Oyo State 
Water Corporation. The multivariate statistical 
technique of Principal Component Analysis (PCA) 
was applied to the collected groundwater 
information using SPSS statistical package version 
16.0. The results of chemical parameters of 
groundwater showed high concentrations of 
calcium, nitrate and bicarbonate ions. Fe was also 
observed at high concentration in the groundwater 
samples. The multivariate analysis of PCA applied 
for source identification of potential groundwater 
pollution revealed sources including anthropogenic, 
geological (bedrock weathering), nutrients and 
thermal/industrial. The Piper diagram showed an 
abundance of calcium in the cationic region and 
bicarbonate in the anionic region. The results of 
groundwater analysis indicated that treatments may 
be required for the analysed groundwater to be 
suitable for drinking. 

KEYWORDS: 
groundwater quality, source identification, piper diagram, 
sodium adsorption ratios 

INTRODUCTION 

Groundwater is widely accepted as the pure 
form of water in relation to surface water due to its 
purification in the soil column through anaerobic 
decomposition, filtration and ion exchange [1]. It is 
therefore being excessively consumed in most rural 
and semi-urban areas of the world 
(www.waset.com). In areas where other sources of 
water supply are inadequate or lacking; 
groundwater has been utilized for agricultural 

purposes and other human activities. In 
Southwestern Nigeria, groundwater is exploited 
through sinking of boreholes and hand-dug wells 
[2-4]. However, the cost of construction of 
boreholes in Nigeria is very high; this therefore 
makes its availability to those who are financial 
capable [5]. The greater numbers of poor masses 
rely on shallow hand-dug wells for daily supply of 
domestic and drinking water. Shallow hand-dug 
wells are often contaminated or poorly managed in 
a non-hygienic way [3, 6]. This may increase the 
outbreak of water-borne diseases [6-7]. 

The necessity of assessing the quality of 
groundwater resources in Nigeria is therefore 
essential. The physical and chemical properties of 
groundwater are highly dependent on the basement 
rocks, which act as an aquifer for underground 
water [8]. The chemical characteristics of 
groundwater also depend on water chemistry in the 
recharge area and the different geochemical 
processes that are occurring in the subsurface [9-
10]. Geochemical processes influence the seasonal 
and spatial variations, and the chemistry of 
subsurface water [11]. Substantial number of 
published studies have examined and discussed the 
conditions of groundwater in Southwestern Nigeria. 
Some of these studies were carried out in major 
cities including Abeokuta, Ifo, Agbabu, Sango, 
Agbara, Ibadan and Lagos [3-4, 6, 12-15]. In these 
studies, only few authors have applied multivariate 
statistics to identify sources of pollutants to 
groundwater [4, 12]. The main objective of this 
study is application of multivariate statistical 
method for identification of pollution sources to 
groundwater resource in Oyo State. 

MATERIALS AND METHODS 

Geological description of the study areas. 
Oyo State lies mostly on lowland punctuated by 
rocky outcrops and hills. Most of the outcrops are 
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FIGURE 1 
Map of Oyo State showing the study Local Government Areas 

mainly schist and quartzite inselbergs [16]. The 
State is mostly covered by the Pre-Cambrian 
igneous and metamorphic rocks, which extend to 
Ilorin, Kabba and Ondo [16]. The older granites 
have resulted in smooth domed inselbergs, 
particularly in areas around Iseyin, Igbeti and the 
greater parts of Oyo North [16]. 

Data collection. Data on physical and 
chemical parameters of groundwater from the study 
areas were obtained from the Water and Sanitation 
Department of Oyo State Water Corporation, 
Southwest Region, Nigeria. Parameters of interest 
were pH, temperature, electrical conductivity (EC), 
Na+, K+, Ca2+, Mg2+, SO4

2-, NO3
-, PO4

3-, Cl-, HCO3
-, 

Fe and Mn. The datasets covered the groundwater 
information from 100 boreholes located in Ibadan 
North, Ibadan Northwest, Ibadan Southeast, 
Akinyele, Iseyin, Ibarapa North, Ibarapa Central 
and Ibarapa East Local Government Areas (LGAs), 
which lies within the crystalline basement rock area 
of Oyo state. 

Data Analysis. Groundwater data were 
evaluated for descriptive stati
correlation coefficient using SPSS for Windows 
version 16.0. Multivariate analysis of PCA was also 
carried out with SPSS. Piper plot was developed 
from the data using Aquachem 4.0 software 
package. 

RESULTS AND DISCUSSION 

Figure 2 shows the box plots of groundwater 
quality parameters in the study areas. As stated 
earlier, groundwater data collected from eight (8) 
Local Government Areas (LGAs) were analyzed 
and merged into six LGAs. Data collected from the 

LGAs in Ibadan were merged together. The results 
presented in the box plots revealed lowest median 
concentrations of most parameters in Iseyin (except 
electrical conductivity and Na+). Elevated median 
concentrations of Fe and SO4

2- were observed at 
Akinyele LGA. Almost all the water parameter data 
of the study areas appeared to have their ranges 
within the World Health Organization (WHO) 
permissible limits in drinking water. However, the 
range concentrations of Fe and NO3

- were greater 
than the WHO limits of 0.3 and 10 mg/L, 
respectively. There is a less concern about Fe 
concentration in water since its guideline was not 
health-based [17]. But the detrimental health effects 
of NO3

- have been severally discussed in published 
studies [3-4, 6, 18]. High nitrate concentration in 
groundwater samples in these study areas therefore 
calls for serious health concerns, especially in 
children. Nitrate pollution is a serious water quality 
issue in the Southwestern Nigeria [4]. Urgent 
actions needed to be taken by the Health 
Authorities in these Local Government Areas.  One 
of the major sources of nitrate in groundwater 
aquifers in the Southwestern Nigeria may be related 
to leachates of numerous septic tanks constructed 
all over their cities and towns [14]. 

Table 2 shows the summary of the physical 
and chemical parameters in all the study areas. The 
average concentrations of Fe, Mg2+ and NO3

- were 
higher than the WHO permissible limits in drinking 
water. Data of other parameters lied within the 
WHO standards. The mean fluoride concentration 
(0.66±0.73 mg/L) of the groundwater was found in 
the normal range that would not initiate health 
problems. Fluoride concentration below 0.5 mg/L 
has the tendency of destroying bone and teeth 
structures [19-21]. On the other hand, elevated 
fluoride greater than 1.5 mg/L may result into  
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FIGURE 2 
Box plots of groundwater parameters observed in the basement rocks of Oyo State. The horizontal line in 
the middle of the box represents the median while the lower and upper lines of the box are 25th and 75th 

percentiles, respectively. The whiskers on top and below the box represent the maximum minimum values, 
respectively. The circles and asterisks represent the outlier values 

 
TABLE 2 

The pooled mean concentrations of groundwater quality of Oyo basement rocks 
 

Parameter Mean Range WHO (2013) 
pH 7.07±1.15 0.0-8.90 6.5-8.5 
EC (μS/cm) 263.10±127.96 0.0-700 1000  
Ca2+ (mg/L) 50.41±31.21 0.0-160 75 
Mg2+ (mg/L) 23.03±1.59 1.20-82 0.20 
Na+ (mg/L) 16.02±11.85 0.0-52.90 200 
K+ (mg/L) 6.88±5.62 0.0-20.10 NA 
SO4

2-(mg/L) 21.53±24.56 0.0-160 100 
HCO3

- (mg/L) 101.39±98.16 0.0-620 NA 
Cl- (mg/L) 54.89±41.96 2.00-200 250 
PO4

3- (mg/L) 1.56±5.31 0.0-30.40 NA 
F- (mg/L) 0.66±0.73 0.0-3.69 1.5 
NO3

- (mg/L) 26.47±44.93 0.0-297.40 10 
Fe (mg/L) 0.89±1.37 0.0-10 0.3 

                            NA- Not Available
dental and skeletal fluorosis, and bone deformation 
in children and adults [22]. 

Table 3 presents the results of PCA 
conducted on the pooled groundwater data from the 
study areas. The percentage of variability of dataset  
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TABLE 3  
Rotated Principal Component Analysis of the Basement Groundwater Samples 

 
 Component  

1 2 3 4 5 6 7 Communalities 

Depth .041 -.232 .351 -.301 .008 .104 -.637 .686 

Temperature .041 .002 .174 -.235 .126 .029 .761 .683 

pH .022 .071 .036 -.009 .797 .053 .055 .648 

TDS  .879 -.031 -.016 .063 .081 -.087 -.094 .800 

Conductivity  .902 .163 .015 -.068 .046 .032 .102 .859 

Ca2+  -.036 -.205 .358 .790 -.108 .111 .003 .820 

Mg2+ .178 -.077 -.330 .742 .153 -.089 -.112 .741 

Na+  .142 .847 -.039 -.168 .013 .022 .071 .773 

K+  -.050 .853 .092 -.050 .064 .098 .081 .761 

SO4
2- .463 .018 .026 .285 .474 .069 .144 .547 

HCO3
- .272 .020 .604 -.013 .196 .201 .030 .519 

Cl-  .520 .030 .349 .229 -.384 .046 -.082 .603 

PO4
3- -.113 -.472 -.011 .061 -.341 .595 .243 .769 

F-  -.002 .169 .730 .106 -.131 -.237 .022 .647 

NO3 .214 .373 -.524 .196 -.049 .141 .052 .523 

Fe  .020 .287 -.102 -.004 .203 .790 -.126 .774 

% Variance 14.2 12.8 10.7 9.7 8.0 7.2 7.1 (70%) 

 
varied from 7.1 to 14.2%; while 70% of the 

total dataset was explained by the seven factors 
identified. Factor 1, with the higher percentage of 
variance of 14.2% was highly significant for TDS, 
conductivity and chloride (Cl-). High concentration 
of chloride in water may be traced to runoff of 
contaminants from domestic wastes, landfill 
leachates, percolation of sewage from septic tanks, 
industrial effluents and animal feeds [4, 23]. Edet 
and Worden [24] have attributed elevated 
concentration of EC, TDS and Cl- in surface water 
sampled in Calabar to tidal flushing. The influence 
by tidal flushing may not be feasible in respect to 
the mobilization of these substances into the 
groundwater sampled in this study. This factor may 
be best designated anthropogenic source. Factor 2 
has high significant loadings for Na+ and K+, this 
source is probably a marine source [4]. As 
explained in component 1, intrusion of saline water 
into the sampled groundwater aquifer in these areas 
is out of context. Na+ and K+ occurrence may also 
be linked to soil components [25]. This source 
might suggest a bedrock weathering [4]. Factor 3 is 
characterized by high loadings for HCO3

-, F- and 
NO3

-. This factor may be described as a nutrient 
source from infiltration of sewage from septic tanks 
and agricultural runoff into the groundwater 
resource. Intensive agricultural practices including 
heavy use of N-fertilizer may lead to enrichment of 
groundwater with NO3

- [26]. 
Fluoride pollution in groundwater may 

similarly occur as a result of sewage infiltration 
[27]. The main factors controlling the concentration 
of fluoride are climate and accessory minerals in 
the rock mineral assemblage through which the 

groundwater is circulating [28]. Factor 4 has high 
positive loadings for calcium (Ca2+) and 
magnesium (Mg2+) indicating a hardness source 
from the underlying bedrock (4). Factor 5 is 
positively significant for pH only, which might 
suggest the bedrock weathering source.  pH is an 
important factor that regulates the geochemical 
equilibrium or solubility of substances in 
groundwater [29, 30]. Factor 6 has high significant 
values of PO4

3- and Fe indicating a nutrient source. 
Phosphate is majorly emanated from nutrient 
sources, while Fe in the groundwater may originate 
from natural (bedrock weathering) and/or 
anthropogenic sources (e.g. from faecal 
contamination, industrial and vehicular emissions) 
[4]. Feacal pollution is a major contaminant in both 
surface and groundwater resources in Nigeria [31, 
32]. Factor 7 has a high loading for temperature, 
which could be as a result of thermal pollution 
source or industrial discharges [4]. This source is 
anti-correlated with the depth of the sampled 
groundwater resources. This indicates that, as the 
depth increases, temperature decreases. The 
shallow nature of the wells might also expose the 
groundwater to thermal pollution. 

Figure 4 shows the Piper diagram of 
groundwater samples in the study area. In the cation 
trilinear region, it was observed that 70% of the 
points (Akinyele, Ibarapa Central, Ibarapa North, 
Ibadan Northwest, Ibadan North, Iseyin, Ibadan 
southeast and Ibarapa East) lied within the Ca2+ axis. 
This showed the significance and abundance of 
calcium ion in water samples collected from the 
different sampling sites with respect to geological 
formations within the region while 20% of the 
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FIGURE 4 
 The Piper diagram of the sampled groundwater ionic species. The water facies is divided into four 

equal parts in both the cations (HCO3
-, Cl-, SO4

2-) and anions (Na+, K+, Ca2+, Mg2+) region 

points lied in the non-dominant axis and 10% lay in 
the measure alkaline (Na+ + K+) and magnesium 
axis. In anionic region, 40% of points (Akinyele, 
Ibarapa North, Ibarapa Central, Ibarapa East, 
Ibadan North) lied within the HCO3

- axis showing 
the abundance of bicarbonate ion in the water 
collected in that region while 40% of points 
(Akinyele, Ibarapa Central, Iseyin and Ibadan 
Southeast) lied within the Cl- axis, which showed 
the abundance of chloride ion. The type of water 
constituents predominant in this study area is the 
Cl-HCO3 and Ca-Mg water type which implies that 
the groundwater quality variations are mainly 
related to the presence and dissolution of some 
carbonate, dolomitic and evaporite minerals in 
relatively less saline water type [33, 34]; natural 
processes and water-rock interaction in mixed water 
type; and water-rock interaction in blended water 
type. 

CONCLUSION 

This study was able to assess one-hundred 
(100) samples of groundwater collected from eight 
Local Government Areas in Oyo basement rocks. 
The data showed elevated concentrations of Fe and 
NO3

- greater than the WHO permissible limits. The 
multivariate statistics applied to identify the sources 
of pollutants in the groundwater revealed sources 
including anthropogenic, geological (bedrock 
weathering), nutrients and thermal/industrial. The 
aquifers in the locations are enriched in Na-ion and 
have a high strength of cation exchange in the 
hydrochemistry. The analyzed groundwater in the 

basement rock of Oyo had reported high nitrate and 
Fe concentrations and therefore must be treated 
before drinking and domestic use.  

ACKNOWLEDGMENT 

The authors are grateful to Water and 
Sanitation Department of Oyo State Water 
Corporation for providing us with the groundwater 
data used in this study. 

REFERENCES 

[1] Kannan, N. and Joseph, S. (2010)  Quality of 
groundwater in the shallow aquifers of a 
paddy dominated agricultural river basin, 
Kerala, India. Intl. J. Civil Environ. Eng., 2, 
160-178. 

[2] Gbadebo, A.M., Oyedepo, J.A. and Taiwo, 
A.M. (2010) Variability of nitrate in 
groundwater in some parts of Southwestern 
Nigeria. Pacific J. Sci. Technol., 11(2), 572-
584. 

[3] Orebiyi, E.O., Awomeso, J.A., Martins, O., 
Idowu, A.O., Oguntoke, O. and Taiwo, A.M. 
(2010) Assessment of pollution hazards of 
shallow well water in Abeokuta and environs. 
Am. J. Environ. Sci., 6, 50 56. DOI:
10.3844/ajessp.2011.525.530. 

[4] Taiwo, A.M. (2012) Source identification and 
apportionment of pollution sources to 



by PSP Volume 25  No 7/2016, pages 2284-2291  Fresenius Environmental Bulletin  

groundwater quality in major cities in 
Southwest, Nigeria. Geofizika, 29, 157-174. 

[5] Ojo, O.I. (2002) Construction and 
maintenance of borehole in Anambra State 
(PTf sponsored project experience), M.Sc. 
Seminar Report, University of Ibadan, 
Department of Agricultural Environmental 
Engineering, Nigeria. 

[6] Taiwo, A.M., Adeogun, A.O., Olatunde, K.A. 
and Adegbite, K.I. (2011) Analysis of 
groundwater quality of hand-dug wells in peri-
urban area of Obantoko, Abeokuta, Nigeria for 
selected physico-chemical parameters. Pacific 
J. Sci. Technol., 12(1), 527-534. 

[7] Lefort, R. (2006) Down to the last drop. 
UNESCO Sources. 84, 7. 

[8] Olajuyigbe, A.E., Prossy, A., Abdul-Azeez, 
A.S. and Eunice, S. (2013)  Spatial analysis of 
factors responsible for incidence of water 
borne diseases in Ile-Ife, Nigeria. J. Sustain. 
Soc., 1(4), 96-113. 

[9] Kumar, M., Ramanathan, A.L., Rao, M.S. and 
Kumar, B. (2006) Identification and 
evaluation of hydrogeochemical processes in 
the groundwater environment of Delhi, 
India. Environ. Geol.,  50(7), 1025-1039. 

[10] Singh, C.K. and Mukherjee, S. (2010) 
Geochemical assessment of groundwater 
quality integrating multivariate statistical 
analysis with GIS in Shiwaliks of Punjab, 
India. In: Geochim et Cosmochim 
Acta., 74(12), A967-A967. 

[11] Matthess, G. (1982) The properties of 
groundwater. Wiley, New York, pp. 498. 

[12] Ogunribido, T.H.T. and Kehinde-Philips, O.O. 
(2011)  Multivariate statistical analysis for the 
assessment of  hydrogeochemistry 
of groundwater in  Agbabu Area, S.W.  Nigeri
a. Proceedings of the Environmental
Management Conference, Federal University 
of Agriculture, Abeokuta, Nigeria. Federal 
University of Agriculture, Abeokuta. 

[13] Ayedun, H., Oyede, R. T., Osinfade, B. G., 
Oguntade, B. K., Umar, B. F. and Abiaziem, C. 
V., Groundwater quality around new cement 
factory, Ibese, Ogun State, Southwest Nigeria, 
Afric. J. Pure Appl. Chem., 6(13), 219-223, 
(2011). 

[14] Gbadebo, A.M. and Taiwo, A.M., 
Geochemical characterization of phraetic 
aquifers in area of Sango, Southwestern, 
Nigeria. World Appl. Sci. J., 12, 815 821,
(2011). 

[15] Nkolika, I.C. and Onianwa, P.C. (2011). 
Preliminary study of the impact of poor waste 
management on the physicochemical 
properties of ground water in some areas of 
Ibadan. Research Journal of Environmental 
Science 5, 194-199. 

[16] FRN (2012)Youth Employment and 
Social Support Operation (YESSO). Federal 
Republic of Nigeria. Final Report E4094. 
www-wds.worldbank.org/external/. 
Accessed:17/07/14. 

[17] WHO (2008) Guidelines for drinking water 
quality. 3rd Ed. Health criteria and supporting 
information, Geneva. 

[18] Li, Y. H., Li, H. B., Xu, X. Y., Zhou, Y. C., & 
Gong, X. (2015). Microbial distributions for 
nitrogen removal in a subsurface wastewater 
infiltration system. Fres. Environ. Bullet., 24 
(5), 1747-1751. 

[19] Ward, M.H., deKok, T. M., Levallois, P., 
Brender, J., Gulis, G. and Nolan, B. T. (2005) 
Workgroup report: drinking water nitrate and 
health-recent findings and research needs. 
Environ. Health Perspect., 113, 1607-1614. 

[20] Edmunds, W.M. and Smedley, P.L.(1996) 
Groundwater geochemistry and health: An 
overview. In: Environmental geochemistry 
and health (Eds Appleton, J.D., Fuge, R.and 
Mccall, G.J.H.). Geological Society, London. 
Special Publication 113, 91-105. 

[21] Edmunds, W.M. and Smedley, P.L. (2003) 
Fluoride in natural waters occurrence, controls 
and health aspects. In: Medical geology. New 
York (Ed. Selenus, O.), Academic Press. 

[22] Susheela, A.K., Kumar, A., Betnagar, M. and 
Bahadur, M. (1993) Prevalence of endemic 
fluorosis with gastro-intestinal manifestations 
in people living in some north-Indian villages. 
Fluoride, 26, 97-104. 

[23] Jha, A. N. and Verma, P. K. (2000) Physico-
chemical properties of drinking water in town 
area of Godda district under Santal Pargana 
(Bihar), India. Poll. Res., 19(2), 75 85.

[24] Edet, A., and Worden, R. H. (2009) 
Monitoring of the physical parameters and 
evaluation of the chemical composition of 
river and groundwater in Calabar 
(Southeastern Nigeria). Environ. Monit. 
Assess., 157(1-4), 243-258. 

[25] Guo, H. and Wang, Y. (2004) 
Hydrogeochemical processes in shallow 
quaternary aquifer from the northern part of 
Datong Basin. Chine. Appl. Geochem., 19, 19-
27. 

[26] Suthar, S., Preeti, B., Sushma, S., Pravin, 
K.M., Arvind, K.N., Nagraj, S.P. (2009) 
Nitrate contamination in groundwater of some 
rural areas of Rajasthan, India. J. Hazard. 
Mater., 171(1), 189-199. 

[27] 
groundwater. Division of drinking and ground 
waters Technical Series on groundwater 
quality. ehttp://www.epa.ohio.gov/Portals/28/ 
documents/  gwqcp/fluoride_ts.pdf. Accessed: 
14/07/14. 



by PSP Volume 25  No 7/2016, pages 2284-2291  Fresenius Environmental Bulletin  

[28] Handa, B. K. (1975) Geochemistry and 
genesis of fluoride containing ground water in 
India. Groundwater, 13(3), 275 281.

[29] Shyamala, R., Shanthi, M. and Lalitha, P. 
(2008) Physicochemical analysis of borewell 
water samples of Telungupalayam area in 
Coimbatore District, Tamilnadu, India. E-
Journal Chem., 5(4), 924-929. 

[30] Yadav, K.K., Gupta, N., Kumar, V., Arya, S. 
and Singh, D. (2013) Physico-chemical 
analysis of selected ground water samples of 
Agra city, India. Rec. Res. Sci. 
Technol., 4(11). 

[31] Adetunji, V. O. and Odetokun, I. A. (2011) 
Groundwater contamination in Agbowo 
community, Ibadan Nigeria: impact of septic 
tanks distances to well. Malayas J. 
Microbiol., 7(3), 159-166. 

[32] Galadima, A., Garba, Z. N., Leke, L., 
Almustapha, M. N. and Adam, I. K. (2011) 
Domestic water pollution among local 
communities in Nigeria-causes and 
consequences. Euro. J. Sci. Res., 52(4), 592-
603. 

[33] Belkhiri, L., Mouni, L. and Tiri, A. (2012) 
Water rock interaction and geochemistry of

groundwater from the Ain Azel aquifer, 
Algeria. Environ. Geochem. Health, 34(1), 1-
13. 

[34] Margiotta, S., Mongelli, G., Paternoster, M., 
Sinisi, R., and Summa, V. (2014). seasonal 
Groundwater monitoring for trace-element 
distribution and Cr (vi) pollution in an area 
affected by negligible anthropogenic 
effects. Fresen. Environ. Bull.., 23 (12 C), 
3482-3494. 

Received: 29.07.2015 
Accepted: 12.12.2015 

CORRESPONDING AUTHOR 

Adewale Matthew Taiwo 
Department of Environmental Management and 
Toxicology Federal University of Agriculture,  
PMB 2240, Abeokuta, Ogun State, NIGERIA 

e-mail: taiwoademat@gmail.com 



2292 
 

 

 
RESEARCH ADVANCES IN ORGANOPHOSPHORUS 

PESTICIDE DEGRADATION: A REVIEW 
 

Xiyan Ji, Qiang Wang, Wudi Zhang, Fang Yin 
 

Yunnan Normal University, Kunming 650500, P. R. China 
 
 
ABSTRACT 
 

The technologies related to the microbial 
biodegradation of organophosphorus pesticide 
biodegradation are currently being heavily 
researched. This article reviews various types of 
microbial degradation of organophosphorus 
pesticide, degradation mechanism and degradation 
genes and discusses the recent development trend 
of microbial degradation of organophosphorus 
pesticide. This paper also introduces the current 
research status of biodegradation technologies 
around the world including China. This paper 
primarily presents the research results of 
organophosphorus pesticide biodegradation. Lastly, 
the authors exhibited some suggestions for further 
researches. 
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microbial degradation; microbial species; degrading 
mechanism; degradation genes 
 
 
INTRODUCTION 
 

Pesticide is termed as chemical that kills or 
slows down the growth of undesirable organisms. 
Today, organophosphorus pesticide (OPs) is the 
most commonly used category of pesticide used in 
agriculture and horticulture practices, with as many 
as 150 kinds of organophosphorus commodity 
pesticides available in the world   [1]. In China, 
about 30 pesticides including insecticide, herbicide 
and bactericide have been commonly used. 

Pesticides are biologically active compounds 
designed to interfere with metabolic processes and 
environmental safety. And many researchers pay 
attention to the field of OPs degradation. 
result shows that 47 strains were isolated from 
Sicilian soils under different management systems  
[2 suggests that MTM ( mesoporous 
TiO2 membrane) TiO2 membrane has good 
potential for treatment of aqueous 
organophosphorus pesticides  [3]. Kotonia used gas 
chromatography-mass spectrometry (GC-MS) to 

determinate 14 insecticides and metabolites in 
grapes and peaches   [4]. 

Generally, OPs contain two primary varieties, 
phosphate, and O-ethyl-S-propyl 
phosphorothiolatex, as seen in Fig1. Among the 
OPs that most widely produced and used in China, 
R1 or R2 represents methoxyl (CH3O) or ethoxy 
(C2H5O). X is for oxygen atom (O) or sulphur 
atom (S). Z is for alkoxy, phenoxyl or other 
complicated substituent group. It can form a variety 
of compounds depending on which different 
substituent group is present. According to their 
structures, organophosphorus pesticides can be 
divided into phosphate, phosphonic acid ester, and 
phosphorous amides with corresponding 
glucosinolates derivatives. 

Among the toxic pesticides, 
organophosphorus pesticide is the most common. 
Organophosphorus pesticide toxicity studies had 
shown that organophosphorus pesticides have 
alkylation function which can poison animals and 
human body. They can be absorbed by inhalation, 
ingestion, and skin penetration. Thousands of 
humans including children are affected by OPs 
toxicity across the world annually. For instance, 
children exposed to OPs are more likely to suffer 
from attention deficit hyperactivity disorder 
(ADHD) (Samuels and Obare, 2011). Importantly, 
frequent use of OPs in agricultural practices and 
their presence as residues in fruits, vegetables, 
livestock, poultry products and municipal aquifers 
are considered vectors for the exposure. As such, 
OPs degradation has been a major concern in 
environmental chemistry and is currently being 
studied worldwide. This has lead to major 
advancements in OPs degradation technologies. 
The definition of OPs degradation is that OPs 
chemical structure changes under some factors 
correlated with environment, where the OPs 
molecules are degrade into smaller molecules such 
as CO2, PO43- and H2O. The degradation 
phenomenon is divided into 3 steps   [5]: Initial 
degradation: OPs parent structure breaks down, 
leading the change in characteristics; Secondary 
degradation: The products of 
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 R1 and R2 represent methoxyl (CH3O) and ethoxy (C2H5O), respectively. 
X is for oxygen atom (O) or sulphur atom (S).  
Z is for alkoxy, phenoxyl or other complicated substituent group. 

 
FIGURE 1 

Organophosphorus pesticide general structure formula and several typical organophosphorus 
pesticide chemical structures. 

 
 

Final degradation: The substrate 
(organophosphorus pesticide) fully transformed 
into inorganic substances such as CO2, PO4

3- and 
H2O. Although, there are a lot of studies on 
organophosphorus pesticide degradation very few 
reports touch on microbial degradation. We seek to 
fill this void and will primarily discuss 
biodegradation methods and microbial degradation. 

 
Biodegradation Method. Although 

traditional physical and chemical degradation 
treatments are effective against OPs, has good 
effect, the cost is too high and easy to cause 
secondary pollution, so it only can be used as an 
assessment method. In contrast, bioremediation 
technology has been developed to remove and 
control the organic matter pollution, and has 
recently become the most popular method. The 
basic purpose of this technology is to use a variety 
of methods to strengthen the microbial community 
and accelerate the degradation of organic pollutants 
in the environment   [5]. Moreover, microbiological 
degradation is considered as an effective and 
environment friendly method to eliminate OPs 

the microbial degradation of pesticide played an 
important role, and has attempted to isolate of 
pesticide degrading bacteria and the degradation 
pathway   [6,7].  

 
High Efficient Bacteria Separation. Long-

term mass production and extensive use of 
organophosphorus pesticide in China has lead to 

serious water and soil pollution as well as, lead to 
excessive pesticide residues on agricultural 
products, sparking food safety problems. Excessive 
OPs residue has become a major inhibitor to the 

Therefore, it is necessary to establish an effective 
method to control environmental pollution and 
remove agricultural farming pesticides residues. 
With the strong metabolic diversity, 
microorganisms have many advantages in the 
degradation process of pesticides   [8]. At present, 
the separated microorganisms include bacteria, 
fungi and actinomycete. Bacteria played an 
important role in the degradation process because 
of its various biochemical adaptability and good 
ability of inducing mutants. 

In recent years, the in-depth study on 
biodegradation pathway has provided the 
possibility for bioremediation. Any microorganisms 
have been isolated and identified, including 
Agrobacterium Escherichia coli, Flavobacterium 
sp., Bacillus stearothemophilus, Pseudomonas, 
strain B-1, strain SC, F. sp. Strain ATCC27551, 
Alteromonas species, Arthrobacter, Nocardiasp., 
Corynebacterium glutamicum, Burkholderia sp. 
Strain NF100, Bacillus cereus J5, WBC-3, 
cyanobacterium Anabaena sp. Strain PCC7120, 
Ochrobacterum sp. B2. 

Some studies have reported the effects of 
microorganism on biodegradation of pesticides. For 
instance, Zhang et al.   [8] investigated degradation 
of methyl parathion in soil and Chinese chive by 
strain DLL-1at concentrations of 7.5, 15, 22.5, 75 
kg(a.i.)ihm-2. From their result, usage of methyl 



2294 

parathion at 7.5, 15 and 22.5 kg(a.i.)ihm-2 resulted 
in the average amount of residue of 0.663, 1.270 
and  1.901mgnt -1, respectively in Chinese chive. 
The natural degradation rate was 98.94%
96.44% and 96.04% corresponding to the 3 levels 
of usage. At the concentration of 75 kg·hm-2 of 
degradation bacterium, the amount of pesticide 
residue in Chinese chive and its soil were 0.269 and 
0.099 mg·kg-1 respectively which were decreased 
by 78.82% and 98.68% compared with the control. 
Thus, the amount of pesticide residue could be 
significantly decreased through the application of 
high effective degrading microbial agents. However, 
usage of degradation bacterium more than 
75kg·hm-2 did not increase the degradation rate 
further. In bacterial isolation study, Jia et al.   [9] 
have found that a strain Pm-6 of methamidophos-
degrading bacterium was successfully isolated from 
the pesticides-containing soil in a pesticide factory. 
The strain was identified as Acinetobacter sp. This 
bacterium was stable when store for 30 days at 4
with slight change in capability. Likewise, Meiqin 
Yi   [10] isolated three strains of Fungi (Hw 23, Hw 
26 and Hw 27) using liquid enrichment culture 
from active sludge at Huayang Pesticide Factory for 
degradation of methyl parathion. They were able to 
use methyl parathion as the carbon and energy for 
growth. Daiet al  [11] and Qiu et al  [12] argued 
convincingly that a triazophos degrading bacterium 
designated as mp-4 wereisolated from soils that 
have long been subjected to organophosphate 
pollution. Strain mp-4 was identified as 
Ochrobactrum.sp based on its biochemical-
physiological characteristic and the 16 SrDNA 
homologue sequence analysis. Strain mp-4 can 
grow with triazophos as its sole carbon source and 
degrade it at a rate of 98.3 . The optimal growth 
temperature and pH for mp-4 are 30  and 6.6,
respectively. At the temperature of 27-32  and pH
of 7.5-8.8, Mp-4 can degrade triazophos well. Thus, 
many research showed principal mechanism for 
microorganism adaption to organophosphorus 
pesticides contained environment and efficiency of 
microorganism for pesticides degradation or 
removal. Different studies showed that some 
organophosphorus pesticide can have a variety of 
degrading bacteria present at the same time, while 
one kind of bacteria can degrade kinds of OPs. This 
reflects the diversity of microorganisms and 
microbial functional diversity. 

With the continuous development of 
biotechnology, people have made a lot of beneficial 
explorations on OPs degradation finding that 
mesophilic microorganisms exert a great pole 
course in the OPs degradation in the natural 
environment. The use bioremediation technology is 
effective, economical and environmental friendly 
technology to accelerate the degradation of OPs   [13, 

14]. However, most of the studies on OPs 
degradation recommend moderated temperature 

and high concentration conditions, so mostly the 
microorganisms are usually isolated on room 
temperature. In high altitude area or cold region, 
the temperature is mostly below the normal 
temperature and degradation efficiency will be 
affected, while also requiring a low concentration 
in the water   [15]. All of these disadvantages 
constitute a barrier to microbial growth. As a 
consequence, He Li   [16, 17] found that the bacterial 
strain, which was isolated from the polluted soil in 
north-east china, was capable of degrading various 
organophosphorus pesticides effectively. Strain SA-
8 was initially identified as Plwsimonas sp. 
according to its biochemical characters. The 
optimal temperature and pH value for strain SA-8 
growth were 20  and 7.0 respectively. The
biodegradation rate of methyl-parathion can reach 
93% after 24h cultivation in suitable conditions. 
When the temperature is 10 , its degradation rate
is 66.2%, but only 27.3% degradation rate at 35 .
The experiment demonstrated that strain SA-8 is a 
good psychrotroph. 

Microbial Degrading Mechanism of OPs. 
Organophosphorus pesticides usually contain P-O 
and S- P bonds. In addition, some OPs (e.g. 
methamidophos) also contain P-N bond. The 
degradation of OPs by bacteria is generally carried 
out through the hydrolases and transfer enzymes 
function, acting on P-O-alkyl, P-O-aryl, O=P-NH2, 
=C-NH2. The study on the OPs degradation 
pathway found that microorganisms can break the 
P-O bond or P-S bond and some depurated 
organophosphorus pesticide hydrolase (OPH) have 
significantly difference in substrate specificity, 
sensitivity to the chemicals and molecular weight. 
Initial metabolism of OPs is hydrolytic reaction, 
and its initial products are O, O-dimethyl 
dithiophosphoric acid and p-nitrophenol  [18,19].  

M. B. Angelica also confirmed that the P-S 
bonds of organophosphorus pesticides can be cut 
off by chlorinated pesticides. Some researchers for 
instance, Donna & Ulrica  [20] and, Thomas and 
Macaskie  [21] studies showed that there is a certain 
correlation between the microbial phosphate 
solubilizing capacity and the pH of culture medium, 
however they also found that decrease in pH value 
is not the necessary conditions of the phosphate 
solubilizing. Further research on this area could be 
interesting and important. 

According to Liu et al.   [22] and, Liang et al. 
[23] degradation process caused by intracellular 
enzyme can be divided into 3 steps: firstly, as is a 
kind of dynamic balance, i.e. OPs compounds 
absorb on cell membrane; secondly, OPs 
compounds that absorb on cell membrane go into 
cell under the constant biomass condition and the 
penetration rate determines the amount of 
compounds inside cell; thirdly, as a enzymatic 
reaction in the cell which is a quick process and 
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also not a limiting step. Pseudomonas stutzeri 
JHY01 was capable of degrading Chlorpyrifos, a 
typical organophosphorus pesticide   [24, 25]. The 
ultrasonic cell-break method was used to extract the 
degrading enzyme. Lan et al   [24] or Jeon et al   [25] 
conducted a study on the chlorpyrifos degradation 
through extracellular enzyme, intracellular enzyme 
and cell fragment. Their experimental results 
showed the degradation rates of chlorpyrifos by 
extracellular enzyme, intracellular enzyme and cell 
fragment were 8.41%, 79.85% and 77.14%, 
respectively, indicating that Chlorpyrifos-degrading 
enzymes were typical intracellular enzymes. Later, 
orthogonal experiments were designed by them to 
optimize the extraction conditions of the degrading 
enzymes. The degrading activity of the crude 
enzymes was maximal (with the degradation rate 
84.47%) at the following ultrasonic conditions: the 
ratio of cells biomass to extraction buffer volume 
1:4 (g/ml), ultrasonic treatment for 4 seconds, 
totally 30 times at interval of 4 seconds (UAS, 
Sonics-VCX500, 500W, 25KHz). According to 
Wang et al   [26], an organophosphorus hydrolase 
from strain Aspergillus niger J6 was isolated and 
purified by means of cell disruption, ammonium 
sulfate precipitation and Sephadex G-75 
chromatography. In addition, enzymatic properties 
were also studied. The results showed that the 
degradation enzyme was located on the cell 
membrane, with its molecular weight being 66 000 
by SDS-PAGE. The optimal reactive temperature 
and pH of the degradation enzyme was 70  and
pH 7.0 respectively. Some metal ions 
(Fe3+,Cu2+,Li+,Zn2+,Mg2+) and chemical reagents 
(NaN3, EDTA, SDS and PSMF) showed synergistic 
effect on the degradation enzyme activity, while 
Mn2+ displayed slight inhibition, and Ca2+ had 
strong inhibition  [26]. 

Organophosphorus Pesticides Degradation 
Microorganisms. In recent years, many researchers 
had screened various kinds of bacteria (fungi, 
actinomycetes, algae and other microbial strains) 
which have the ability to degrade the organic 
phosphorus pesticide through the enrichment, 
isolation and screening technology from the natural 
soil. These microorganisms can be classified into 
Shah Ray Ties, Pseudomonas, Burkholderia spp., 
Roseomonas, Ochrobactrum, Klebsiella, Bacillus 
E6, Plesiomonas sp. M6, fecal production alkali 
bacillus, sp. Diaphorobacter, Klebsiella sp., and 
Holder Burke (sp. Burkholderia). Table 1 

summarizes the microorganism and types of 
organic phosphorus which can degrade by 
corresponding bacteria. 

Xu Gangming   [27,28] reported that strains from 
three pesticide factory sewage treatment pool of 
activated sludge, which degraded Chlorpyrifos 
effectively. These strains are bacterial and 
accessory bacteria (Paracoccus sp. DM/TRP), 
serratia sp. TCR, and Trichosporon sp.TCF. Based 
on the expressed mpd gene sequence and opd gene, 
he designed several pair gene primers. Gene 
amplification in different conditions was made 
using general PCR and Touch-Down PCR (TD-
PCR) by taking total bacterial NDA as a template. 
These strains can be completely mineralized and 
degrade chlorpyrifos, the same with intermediate 
product trichloropyrindinol. 

DISCUSSION AND CONCLUSIONS 

Substantial progress has been accomplished in 
the development of technologies for OP pesticides 
degradation in recent years. However, at present, 
the separation of strains and microbial degradation 
are limited to the lab-scale, and still remains to be 
applied in the field practice. This could be mainly 
due to need for degradation conditions for the 
effective use of microbial degradation of 
organophosphorus pesticides that are hard to 
achieve outside of the lab. Temperature, pH, 
concentration of organophosphorus pesticide and 
microbial essential nutrients will change a 
relatively large range, under natural conditions. It 

even may inhibit its growth. Therefore, further 
future study of microbial degradation of 
organophosphorus pesticide should emphatically 
focus on the following several aspects: Explore
the degradation strains with growing conditions 
which are similar to the natural environment; 
cultivation, development and utilization of high 
efficient bacteria for organophosphorus pesticide, 
establish high efficient degradation bacterium seed 
(gene) bank. Extract the related genes and
remove into a common species, such as e-coli, etc. 
for degradation enzyme gene cloning and 
expression, constructing engineering bacteria, 
improve the ability of degradation, prepare 
degradation enzyme, on the basis of identification 
of degradation enzyme gene. Field practice of

TABLE 1 
Organophosphorus pesticide degrading microorganism. 

OPs. Microorganism 
Isocarbophos 
Triazophos 

Chlorpyrifos 
Parathion-methyl 

Fenitrothion 

Bacillus latersprorus, Serratia, Pseudomonas 
Roseomonas, Ochrobactrumanthropi, Alcaligenesfaecalis, Klebsiellaaerogenes 

Pseudomonas, Diaphorobacter sp. 
Pseudomonas, Diaphorobacter sp. 

Burkholderia cenocepacia, Diaphorobacter sp. 
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biological pesticide which can help to reduce 
the use of heavy toxicity pesticides; Promotion
of more applied research on the microbial method 
that dealing with degradation of contaminants 
practically in real field to the practice.  
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ABSTRACT 

Nannochloropsis microalgae are one of the sea 
unicellular algae that belong to the division of green 
algae and the subdivision of Estigomatophyceae. 
This research has been conducted to study the 
growth of N.oculata algae in Conway medium 
under different five salinities (15, 20, 25, 30 and 35 
part per thousand) with three repetitions in a 
laboratory environment. During 14 days of 
N.oculata culture in Conway medium and different 
salinities, the growth of the species has been 
studied through numerating method by 
Hemocytometer slide. According to the results, it 
was revealed that there is no significant statistical 
difference among treatments with salinities of 15 
and 35 ppt. However, there is a significant 
statistical different among other treatments 
(P<0.05). The utmost growth was observed in 
Conway medium with a degree of salinity given as 
25 ppt and for 44 * 106 cells per milliliter. Thus, it 
will be concluded that degree of salinity may 
independently affect cellular density. In fact, range 
of salinity that is usable for culture of this species is 
introduced a salinity of 20-35 and desirable salinity 
is introduced as 25 ppt. Besides other effective 
elements involved in culture of N.oculata, the said 
salinity may play a great role affecting increase of 
biomass of this species in mediums.  

KEYWORDS:  
Microalgae, Nannochloropsis, Medium, Growth, Salinity 

INTRODUCTION 

Nannochloropsis alga is one of the sea 
unicellular algae that belong to the division of green 
algae and subdivision of Estigomatophyceae. In the 
past, because of its round appearance that makes it 
similar to Chlorellaalgae, it is called sea Chlorella. 
The basic structure of the alga was identified in 
1986. Since then, it has been called 

Different identified species of the alga are 
mainly of sea type. However, there are some 

species living in drinkable water and brackish 
water. 

Since Nannochloropsis has high quantity of 
protein and unsaturated fatty acids, it is of great 
importance in aquatic farming. Thanks to its high 
level of nutritious such as high Ecoza-Pentanoic 
Acid (EPA) and the effective role of this species as 
an option replacing poly-unsaturated fatty acids 
(PUFA), its importance in feeding the of sea fish 
larva becomes evident,  also all microalga extracts 
showed antifungal effects on marine species [10].  

In farming the algae, further to physical 
elements (light, temperature, blowing and the ones), 
they need a medium for fulfillment of their vital 
activities. The medium or food includes such 
elements as macro-elements and micro-elements. 
These elements are designed for growth mechanism 
of algae in form of medium formulas. Thus, adding 
feed solutions and ready-made or chemical 
fertilizers, the said materials are prepared for the 
algae so that they will have growth and increase of 
cellular density in specific mediums [9]. The 
aforesaid materials are really necessary for growth 
of algae. They usually play a prominent role in 
structure of algae. For example, DNA and RNA 
structures are useful for skeleton development, 
energy supply in form of ATP in structure of 
proteins and amino acids in cellular wall and other 
advantages of algae [11]. Natural carotenoid of 
Nannochloropsis sp. has successfully promoted 
comparable pigmentation in P.semisulcatus that is a 
highly significant development for commercial 
aquaculture [4]. 

MATERIALS AND METHODS 

The required materials are 15 water bottles of 
2 liters each with the required salinities (15, 20, 25, 
30 and 35 part per thousand (ppt)) and five 
treatments with three repetitions. Each bottle was 
filled using 1500 milliliters of water of the desirable 
salinity. Conway medium of 1.5 milliliters was 
inserted to the medium after it reached the 
temperature the same as that of the environment. 
Then, stock of Nannochloropsis of 1.5 milliliters 
was added to the bottle carefully after being 
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homogenized. Blowing was conducted by using an 
air pump. Lighting of the environment was 
provided by using two florescent lamps that were 
connected in parallel form in front of the mediums. 
Culture of the alga was carried out in the light 
intensity of 5000 Lux. The temperature was kept 
unchanged at about 25 degrees centigrade. One 
milliliter of the water of the medium was put on 
Hemocytometer slide every day. The cells were 
counted under microscope and increasing and 
decreasing trend of its growth was studied. The 
Hemocysto meter slide has nine cells (4 cells with 
16 divisions and five cells with double divisions). 
In order to numerate the cells at high density, the 
following method is used: 

The cells available in the middle square have 
double divisions and used for numerating the 
microalgae. In this research, due to high density of 
cells, small squares have been used. Thus, the cells 
available in the smaller square (4 cells in one angle 
and one cell in the center) were numerated. 

Contrary to other side squares, this middle square 
enjoys 16 cells. Then, cellular density is calculated 
by using the following formula:  

Number of cells per 5 m2 *5= total number of 
cells in 25 m2  

Total number of cells in 25 m2*104 = total 
number of cells in one milliliter of medium [5].  

25= number of cells in the middle of 
numerating slide and  

5= number of the cells of slid numerated 

RESULTS 

The results obtained from daily culture of 
N.oculata by using Hemocyto meter slide and optic 
microscope within 14 days of culture period in 
Conway medium and five degrees of salinities (15, 
20, 25, 30, and 35 ppt) and by unit number of cell 
in milliliter are given as follows (Table 1): 

TABLE 1 
Average density of N.oculata affected by different treatments of salinity during 

culture period. 

35

ppt

30

ppt

25

ppt

20

ppt

15

ppt

Treatment

Day of

 Culture

425000042833335583333540000042000001

588333353000007683333673333352666672

748333375833339383333886666771166673

9300000975000012158333780000090500004

11116667119166671493333313333333109833335

15616667171166672020000017916667143500006

18183333199375062225000022050000147666677

22966667259666672456666723100000207833338

24850000292000003375000032000000227333339

248333332745000037633333329000002445000010

216666672785833339841667358750001824166711

174000002826666742050000388500001203333312

140666671960000026150000193500001193333313

122500001941666721216667223833331170000014
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FIGURE 1 
Comparing the treatments with respect to cellular numeration (a, b, c, and d reveals a significant 

difference at level of 0.05). 

Comparing the treatments with respect to 
numerating the number of cells of species subject of 
study per each milliliter of medium, no significant 
different has been found between treatments of 
salinity of 15 and 35 ppt. However, there is a 
significant statistical different among other 
treatments (p<0.05). This has been shown in figure 
1. 

Comparing different treatments, the results 
reveal that the salinity of 25 ppt and for 44*106 cells 
per milliliter obtained the first rating and the 
salinity of 20 by 39.9*106 obtained the second 
rating; the salinity of 30 by 30*106 and the salinity 
of 35 by 25*106 obtained the third and fourth 

ratings and the salinity of 15 by 24.9*106 cells per 
milliliters respectively. 

Cellular numeration affected by salinity of 
15 ppt. The results obtained from cellular 
numeration affected by the salinity of 15 units per 
thousand on average from three repetitions that 
have been test given and shown in figure 2. From 
the first through the tenth day, a noticeable increase 
was observed in growth of the respective treatment 
(phase of increase). Then, on the 11th and 12th days, 
the growth has shown a noticeable decrease (phase 
of decrease) and on the 13th and 14th day, the 
growth has reached a stable rate (phase of stability). 

FIGURE 2 
Growth of Nannochloropsis in Conway medium affected by salinity of 15 ppt. 
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FIGURE3 
Growth of Nannochloropsis in Conway medium affected by salinity of 20 ppt. 

Cellular numerating affected by the salinity 
of 20 ppt. The results obtained from cellular 
numeration affected by the salinity of 20 units per 
thousand on average from three repetitions that 
were testes, have been given and shown in figure 3.  

From the 1st through the 11th day, a noticeable 
increase in growth was observed (phase of increase 
and decrease of growth was intangible). On the 12th 
day, a noticeable decrease in growth (phase of 
decrease) was observe. Then, on the 14th day, a 
slight increase was observed in growth of the said 
alga once again. 

Cellular numeration affected by salinity of 
25 ppt. The results obtained from cellular 
numeration affected by the salinity of 25 units per 
thousand on average from three repetitions that 

were tested, have been given and shown in figure 4. 
From the first to the twelfth days, a noticeable 
increase (phase of increase) and on the 13th and 14th 
days, a quick decrease in growth were observed 
respectively (phase of decrease). 

Cellular numeration affected by the salinity 
of 30 ppt. The results obtained from cellular 
numeration affected by the salinity of 30 units per 
thousand on average from three repetitions that 
were tested have been given and shown in figure 5. 
In this treatment, from the first through the ninth 
day, an increase in growth (phase of increase) and 
from the 9th to the 11th days, a slight decrease in 
number of cells and on the 12th day, a slight 
increase in growth and in the 13th day, quick 

FIGURE 4 
Growth of Nannochloropsis in Conway medium affected by salinity of 25 ppt. 
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FIGURE 5 
Growth of Nannochloropsis in Conway medium affected by salinity of 30 ppt. 

FIGURE 6 
Growth of Nannochloropsis in Conway medium affected by the salinity of 35 ppt. 

decrease in growth (phase of decrease) have been 
observed respectively. Then, on the 14th day, slight 
increase in growth was observed in number of cells 
accordingly. 

Cellular numeration affected by the salinity 
of 35 ppt. The results obtained from the cellular 
numeration affected by the salinity of 35 units per 
thousand on average from three repetitions that 
were tested, have been given and shown in figure 6. 
In this treatment, from the 1st through the 10th days, 
the growth has increased (phase of increase) and 
from the 11th and 14th days, the growth has 
decreased (phase of decrease) respectively. 

DISCUSSION AND CONCLUSIONS 

Considering the goals of research based on 
study and growth in Conway medium with five 

degrees of salinities of 15, 20, 25, 30 and 35 ppt in 
term of determination of the best and the most 
suitable degree of salinity, the results of this 
research and those obtained from other researches 
will be discussed.  

Study of the purification of N.oculata 
unicellular alga by using different concentration of 
salinity (25, 35, 45 ppt) in Walne's medium and 
found that there was a significant difference in 
salinity difference for growth of the species so that 
the utmost growth of N.oculata was in the salinity 
of 25 ppt. Although another medium was used in 
this research, the results of difference in salinities 
chosen in this research showed significant results. 
Consequently, the best degree of salinity for the 
growth of the aforesaid species was the salinity of 
25 ppt. The results obtained exactly conform to the 
aforesaid research [3].  

In a research the growth of N.oculata 
microalgae in Conway medium and at three degrees 
of salinity (20, 25 and 30 units per thousand) was 
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studied. According to the results obtained from the 
said study, the utmost growth was observed in the 
salinity of 25 units per thousand. In this research, 
from all degrees of salinities chosen, the utmost 
growth was observed at degree of salinity of 25 
units per thousand [9].  

Investigation of the growth and approximate 
compound of N.oculata in the Conway medium 
with a degree of salinity of 30 units per thousand 
and pH of 8 in exterior conditions in shadow at 24-
36 degrees centigrade and light intensity of 140 
Micromoles per m2/second and under laboratory 
conditions at 20 degrees centigrade and light 
intensity of 150 Micromoles per m2/second. The 
results of the said research revealed that more quick 
growth occurred in the exterior medium by 11*106 
cells per milliliters. Concerning the fact that this 
research was conducted under laboratory conditions 
at 25 degrees centigrade, the growth of the species 
in Conway medium with a salinity of 30 ppt 
reached 30*106 cells per milliliter. Eventually, the 
most desirable yield was observed compared to the 
aforesaid research [1].  

Considering the research conducted on 
N.oculata during the 10-day period in Conway 
medium at 25 degrees centigrade, with a salinity of 
30 units per thousand at light intensity of 5000 Lux 
within a 12-day period of darkness and 12 hours of 
lightness and according to the results obtained from 
this research, number of cells obtained from 
numerating using a slide on the 10th day reached to 
15*106 cells per milliliter. Also, in this research, in 
equal medium and degree of salinity during the 
same number of days as mentioned above, number 
of cells obtained from numeration has reached to 
27*106 cells per milliliter. Concerning the fact that 
this research was conducted at light intensity of 
5000 Lux within a lightness period of 18 hours and 
6 hours of darkness, a noticeable increase was 
observed in growth of the aforesaid microalgae. 
The case of superiority of this research is long 
period of lightness [2].  

Results of study the effect of salinities of 15, 
25, 35, 45 and 55 units per thousand on the growth, 
biochemical compound and fat products of 
Nannochloropsis in a 19-day study under controlled 
culture revealed that the dry biomass of N.oculata 
at salinity of 25 units per thousand showed the 
highest cellular density from among other 
treatments within the first ten days of culture. In 
this research, from among all degrees of salinities 
chosen, the utmost growth was observed at degree 
of salinity given as 25 units per thousand [8].  

There is a research and studied the effect of 
salinity on growth and fat for producing biological 
fuel in Nannochloropsis microalgae [7]. Culture of 
the said alga was conducted in brackish waters to 
very salty ones. The utmost growth of alga and 
biomass was observed within the range of salinity 
of 22 through 34 units per thousand. Since in this 

research, the desirable salinity for maximum 
cellular density and growth of alga was determined 
as 25 units per thousand. Thus, the results obtained 
from this research are confirmed accordingly.  

Concerning the fact that in this research, 
Conway medium in different salinities were used, 
the results revealed that the treatment of salinity of 
25 units per thousand has obtained the first rating in 
term of growth [7]. Thus, one may come up with 
this conclusion that degree of salinity may 
independently affect the cellular growth. In fact, 
range of salinity used for culture of this species has 
been introduced as 20-30 units per thousand and the 
desirable salinity as 25 units per thousand 
accordingly. Besides other factors involved in 
culture of this species, the said salinity shall play an 
effective role in increase of biomass of the said 
species in mediums accordingly. 
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ABSTRACT 
 

In recent years, there has been much research 
on indoor air quality, owing to a growing interest in 
improvement of air quality in residential buildings. 
People spend most of their time indoors, where air 
quality is affected by many factors such as location 
and structure of housing, ventilation systems, and 
comfort parameters. CO2 and other indoor gas 
concentrations are important indicators of indoor air 
quality. The aim of this study is to determine the 
effects of various factors such as location and 
characteristics of housing and smoking status on 
carbon dioxide (CO2) concentrations and air 
exchange rates in 29 representative buildings in 

2 concentrations were 
measured using a non-dispersive infrared method, 
air changes per hour (ACH) were estimated using a 
CO2 balance method, and other parameters were 
recorded. Mean CO2 concentrations were 667 and 
1011 ppm in summer and winter, respectively. 
Estimated mean air exchange rates were 1.04 and 
0.70 ACH in summer and winter, respectively. The 
analysis showed that CO2 concentrations and ACH 
were affected by the area of houses, season, 
ventilation systems and ventilation duration. CO2 
concentrations in winter were higher in all 
buildings relative to summer in the residential area. 
Air exchange rates were primarily affected by 
duration of ventilation, house area, distances to 
main roads, and smoking status.  
 
 
KEYWORDS: 
air change rate, carbon dioxide, indoor air quality, 

 
 
 
 
 
 
 

INTRODUCTION 
 
People spend about 90% of their time indoors 

and it is known that air quality of the indoor 
environment is affected by outdoor air pollution [1]. 
Ventilation systems and the location of houses 
affect indoor air pollutant levels [2]. 

Industrial operations and heavy motor vehicle 
traffic negatively affect outdoor air quality, thereby 
readily affecting indoor air media. Ventilation type, 
ventilation rate and pollutant composition in the 
indoor environment are parameters used to 
determine the contribution of outdoor pollutants to 
indoor pollution [3]. These factors are used to 
determine conditions called closed building 
syndrome, sick building syndrome and building-
related illness. These conditions might lead to 
health problems [4]. 

Indoor pollutant sources and concentrations, 
building materials, human activities and ventilation 
systems represent a combination of various 
complex conditions that determine indoor air 
quality [5]. Indoor air pollutants were measured 
very high in different indoor areas of massive 
public congregations such as bars, schools, 
exhibition centers and churches [6]. Air transport 
from leakage, ventilation, and change of location 
mechanisms between indoors and outdoors affect 
indoor pollution emission [7, 8, 9, 10]. Under 
normal conditions, CO2 makes up about 0.03% of 
air in the atmosphere. CO2 concentration varies 
between 330 and 500 ppm, depending on 
environmental factors [11].  

A human body performing normal daily 
activities produces 20 liters (L; 0.02 m3) of CO2 per 
hour [4].  

Levels of CO2 emissions that depend on 
human activity (mobility) are listed in Table 1 [12].  

Amounts of breathing, oxygen consumption 
and CO2 production based on mobility are shown in 
Figure 1 [13]. 
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TABLE 1 
CO2 levels emitted depending on human activities. 

 
Position Activity Degree CO2Emission Amount (liter/hour) 

Sitting I 15 

Light activity II 23 

Medium activity or slow walking III 30 

Heavy activity or fast walking   IV 30 

 
 

 
 

FIGURE 1 
Oxygen Consumption and CO2 Production Depending on Physical Activities [13]. 

 
 

Air change rate (ACR) is accepted as a 
personal air pollution exposure for indoor 
environments [14]. In addition, pollutants 
originating outdoors that enter houses via filtration, 
open doors and windows, natural ventilation and 
mechanical ventilation characterize indoor pollution 
[15]. ACR is also used to evaluate energy 
consumption of mechanical heating and ventilation 
equipment [16]. 

There are many studies that analyze ACR and 
change of indoor CO2 concentration [13, 17]. 

In this study, indoor ACR and air quality were 
calculated in 29 houses in the city center of 

 
 
 
 
 
 

MATERIALS AND METHODS 
 

Marmara and Aegean regions, with most of its area 

km2, about 1.9 % that of Turkey. The central 

to a 2009 census [18].  
he influence of 

very cold air masses from the north and relatively 
warm masses from the Mediterranean Sea. A high 
pressure system in winter reduces the probability of 
rain and causes strong air pollution [19]. 

14.5°C. Average temperature in winter (October
March) is 8.97°C. Wind speeds decrease in winter 
and spring and increase in summer and fall. Fog 
occurs province-
generating 95% to 100% humidity. High fossil fuel 
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consumption because of cold temperatures 
combined with fog in winter causes air pollution 
[20]. 

The main reason for the winter air pollution in 

energy and heating. Industrial activity and traffic 
also affects the air quality. The population, 
topography and winter meteorological conditions 
increase pollution. The bowl-shaped topography of 
the city center and weakening winds in winter, as 
well as the high pressure and decreasing air 
temperature are all factors that increase air 
pollution [21]. 

1999 and 2005 during winter, statistical 
relationships between meteorological factors 
(temperature, wind speed, humidity and pressure) 
and air pollution were investigated. A high level of 
air pollution was identified under light wind speeds, 
low temperature, high pressure and high humidity 
in winter [22]. 

houses are heated with stoves, 24.5% with central 
heating systems, and 42% with combi boilers. 
General domestic coal is used for heating with 
stoves. High heat-value coal imported from other 
countries or natural gas is used for central heating 
and natural gas for combi boilers. For heating 
houses, it has been found that natural gas usage 
accounts for 43% of fuel, domestic coal 30%, and 
imported coal 22% [23]. 

Data Collection. In this study, CO2 level and 
comfort parameters such as temperature and 
humidity were measured continually for 24 hours 

center. Measurements of indoor and outdoor air 
quality levels were taken simultaneously. The 
studies were performed by two measurement 
companies in summer (July September 2009) and
winter (January March 2010).

Sampling points chosen according to three 
different socio-demographic characteristics to be 
able to distinguish and compare the source of 
pollutants is shown in Figure 2. According to the 
evaluations, 1st region poor, 2nd middle and 3rd 
have been identified as high socio-economic 
groups. These are as follows. According to 
socioeconomic status, in the first region, there are 
11 districts with total population 62,661. In the 

second region, representing low economic status, 
there are 24 districts with a total of 120,239 people. 
In the third region of high economic status, there 
are five districts and a total of 58,501 people. 

The distribution of buildings in these regions 
is as follows. Measurements were performed in 
eight buildings in the first region, 15 in the second 
and seven in the third. We considered the location 
of the micro-environment in the regions (distance 
from the street and traffic), smoking in houses and 
offices, fuel type (natural gas, fuel oil, coal) for 
heating, equipment for heating, and systems used in 
the kitchen (LPG, natural gas, electricity). 

Indoor CO2 measurement devices are located 
in the kitchen of the house and approximately 1.5-2 
m in height. They are installed away from the 
balcony doors and windows and also 1 m away in 
distance from the furnace type incineration system. 
Information given to the family members about the 
activities that may directly affect measures and it is 
requested to comply specified measurement 
procedure. Daily life was continued where the 
measurement were obtained and continuous 
measurements were taken.  

Telair 7001 CO2 / Temperature Monitor, 
which uses "NDIR-Automatic Measurement 
Method with Infrared Rays, is used to determine 
indoor CO2 concentration, temperature and 
humidity values to. The device consists of display 
unit and a data storage unit (data logger) (Figure 3).  

The measurement accuracy of the device is 1 
ppm for CO2 concentration, of 0.01 °C for 
temperature, and 0.01% for relative humidity 
(Telaire 7001). Device is adjusted before the 
measurements were made. In the adjustments; start 
and end time of the measurement and measurement 
point information are entered to the data storage 
unit via a computer. After the measurements 
completed, data in the data storage unit is 
transferred to the computer using the software 
called HOBO ware (version 2.1.1_18). Then these 
data were converted to Excel format for later use in 
analysis. The measurement range is in the 0-10,000 
ppm and measurement accuracy is ± 1 ppm. 

An ASTM E741 test method was used for 
ACR calculation. In this method, the ventilation 
coefficient can be identified under certain 
conditions, from tracking CO2 gas concentration in 
the indoor environment. 
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FIGURE 2 
Indoor Air Quality Sampling Points. 

(a) (b) 

FIGURE 3 
CO2/Temperature Monitor (a)    and Data Logger (b). 

The outdoor air flow equation of the method is 
[24]: 
Qp = 106xGp / (Cin,eq out), where (1) 

Qp = outdoor airflow rate per person into the 
zone, L/s per person,  
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Gp = CO2 production rate in indoor environment 
per person (L/s), 
Cin,eq = steady-state CO2 concentration in indoor 
environment (ppm), 
Cout = outdoor environment CO2 concentration 
(ppm). 
ACR of the room can be calculated per hour [25]. 

ACR= Qp / Vroom, where  (2) 

Vroom is volume (m3) of the room.

Analyses of ventilation and indoor air quality 
were dependent on indoor and outdoor CO2 amount 
measured inside and outside of buildings in 

RESULTS AND DISCUSSION 

and standard deviations (SD) of CO2 levels in 
summer and winter were 667 ppm (127 ppm) and 
1011 ppm (398 ppm), respectively. Outdoor CO2 
measurements were 405 ppm (99 ppm) in summer 
and 443 ppm (120 ppm) in winter.  

We found average and SD of ACR in winter 
and summer of 1.04 h (0.64) and 0.70 h (0.67) 
respectively. Average air leakage rates (and SD) 
were 78.34 L/sec (45.15) in summer and 48.80 
L/sec (40.69) in winter. Descriptive statistics of 
measured parameters are given in Table 2.  

TABLE 2 
Statistical data of pollution, ventilation and physical features in the houses. 

N Minimum Maximum Mean Std. Deviation 

CO2(Indoor environment- 
Summer) 

ppm 29 419 874 627 127 

CO2(Indoor environment- 
Winter) 

ppm 29 538 2062 1011 398 

Houses  Square m2 29 50 175 107,10 27,15 
QP(summer) lt/sec 29 21 220 78,34 45,15 
ACR (summer) h-1 29 0,23 2,98 1,05 0,64 
QP(winter) lt/sec 29 7,57 145,78 48,80 40,69 
ACR (winter) h-1 29 0,09 2,18 0,70 0,67 
In this study, outdoor air leakage was detected 
above the 50 L/s limit [14] in most houses 
during summer, but below this limit in winter 
(Figure 4). 

FIGURE 4 
Air Leakage Rates Measured in Houses [27]. 
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(a) 

(b) 

FIGURE 5 
Outdoor Air Leakage in the Summer (a) and Winter (b) Season [27]. 

Cumulative percentage changes of Qp are given in 
Figure 5. 

Figure 6 shows that the amount of air coming 
from outdoors into the indoor environment was less 
than the limit value in 33% of houses during 
summer and in 66% during winter. Open doors and 
windows in summer increased air leakage into the 
indoor environment. 

Average ACR (h ) of the dwellings in winter 
and summer is summarized in Figure 6. Minimum 
ACR in most houses was greater than 0.35 h  in 
summer. However, in winter, lower ACR values 
were found. A study in Denmark indicated that 
ventilation rates in 57% of houses where children 
aged 3 5 years were living was below 0.5 h  [26].

According to an ACR cumulative percentage 
graphic (Figure 7), ACR in almost all the houses 

exceeded the limit value in summer. In winter, the 
value in 47% of the houses was below the limit 
[27]. 

Qp in all regions of the city was found to 
exceed the limit value (50 L/s) in summer. In the 
second and third regions, Qp was below this limit in 
winter (Figure 8). 

The distribution of the outdoor air leakage 
values by region in summer time were 85.09 L / s 
(± 44.02) in first region, 83.83 L / s (± 52.79) in 
2nd region, and 59.65 L / s (± 25.97) in 3rd region, 
while in the winter, 71.81 L / s (± 40.58) in region 
1, 43.45 L / s (± 43.26) in 2, and Region, 33.20 L / s 
(± 26.34) in 3rd region. Differences in Qp among 
the three regions are mainly due to different 
proximities to the city center and temporal 
variability. 
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FIGURE 6 
Air Change Rate During Winter and Summers (h-1) [27]. 

(a) 

(b) 

FIGURE 7 
Seasonal Cumulative Distributions of Air Change Rate in the Houses in the Summer (a) and Winter (b) 

Seasons (%) [27]. 
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FIGURE 8 
Outdoor Air Leakage Values Depending on the Different Socia Economic Region Summer and Winter 

Season (lt/sec). 
 

Indoor CO2 rates were less than the limit of 
1000 ppm in the houses during summer, but above 
this limit during winter (Figures 9, 10 and 11). 

Figure 11 shows that in winter, 43% of houses 
exceeded the 1000 ppm limit. 

 
 

 
 

FIGURE 9 
Indoor CO2 Levels in the Winter Season [27]. 

 
 

We analyzed parameters that affect pollution 
and ACR such as cigarette consumption, ventilation 
period, area of the houses, distances to main roads, 
and indoor environment, in 29 houses.   

In houses where people smoked, average Qp 
was 45.91 L/s (± 37.24) in winter. In non-smoking 

houses, this was 52.36 L/s (± 45.83). In houses with 
smokers, ventilation was low, below the standard 
rate. 
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FIGURE 10 
Indoor CO2 levels in the Summer Season [27]. 

 
 

It was also found that Qp was 84.65 L/s 
(±51.98) (smoking houses) and 70.59 L/s (±31.90) 
(non-smoking houses) in summer, which are above 
the limit value. In winter, ACR was 0.69 h (±0.68) 
(smoking houses) and 0.72 h (±0.68) (non-
smoking houses), whereas in summer, this rate was 
1.15 h (±0.76) (smoking houses) and 0.93 
h (±0.45) (non-smoking houses). ACR in winter 
was less than in summer.  

Statistical data for comfort parameters such as 
temperature, relative humidity and ACR measured 
in indoor environments are found in Table 3. 

Relative humidity measured in summer was below 
the limit of 60% and, in winter, it exceeded this 
value in some houses.  

Table 4 lists ACR measured in the houses 
according to cigarette consumption, ventilation 
duration, house area, indoor comfort parameters, 
and distances to main roads. This table reveals that 
human activities and physical conditions in 
naturally ventilated indoor environments affect 
ACR and that the standard ACR of 0.35 is not 
usually met in winter. 

 
 

TABLE 3 
Statistical data of comfort parameters. 

 
  N 

 
Minimum 

 
Maximum 

 
Mean 

 
Std. Deviation 

 
R. Humidity-Summer 29 33,12 53,63 44,36 4,82 

Temperature -Summer 29 25,07 30,81 27,67 1,49 

R. Humidity-Winter 29 31,11 73,04 53,39 12,09 

Temperature -Winter 29 4,62 25,41 17,29 5,67 

ACR-Summer 29 0,23 2,98 1,05 0,64 

ACR-Winter 29 0,09 2,18 0,70 0,67 
 

 
Change of ACR in comfort parameters was 

also determined in summer and winter according to 
average humidity and temperature. ACR (and SD) 
corresponding to above and below average 
humidity values measured in summer were 1.09 
h (±0.56) and 1.01 h (±0.71), respectively. 
Corresponding values in winter were 1.02 

h (±0.82) and 0.51 h (±0.48). ACR (and SD) 
corresponding to above and below average 
temperature values measured in summer were 0.84 
h (±0.48) and 1.19 h (±0.71), respectively. 
Analogous values in winter were 0.35 h (±0.27) 
and 1.20 h (±0.75).  
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(a) 

(b) 

FIGURE 11 
Seasonal Cumulative Distributions of CO2 Concentration in the Houses in the Summer (a) and Winter (b) 

Seasons (%) [27]. 

TABLE 4 
Air Change Rate in the Houses. 

Summer (h-1) Winter (h-1) 

General Average 1,04 (± 0,64) 0.70 (± 0,67) 
Cigarette Consumption Yes 1,15 (± 0,76) 0,69 (± 0,68) 

No 0,93 (± 0,45) 0,72 (± 0,68) 
Square Meter (m2) >107 0,58 (± 0,29) 0,27 (± 0.18) 

<107 1,26 (± 0,64) 0,90 (± 0,72) 
Distance to Main Road Far 1,12 (± 0,62) 0,85 (± 0,71) 

Close 0,94 (± 0,68) 0,47 (± 0,54) 
Ventilation Duration (hour) <2 1,18 (± 0,89) 0,48 (± 0,42) 

>2 0,98 (± 0,47) 0,82 (± 0,75) 
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Relative to area of the houses above and 
below 107 m2, ACR (and SD) was respectively 0.58 
h (±0.29) and 1.26 h (±0.64) in summer, and 0.27 
h (±0.18) and 0.90 h (±0.72) in winter. There was 
a relationship between house area and ACR. It was 

less and below the limit value in houses with large 
area in winter. In summer, there was low ACR in 
such houses compared with those with small area 
(Figure 12). 

FIGURE 12 
Air Change Rate Depending on the Areas of the Houses. 

Upon evaluating distance and proximity of 
ACR to main roads, values in summer were 1.12 
h (±0.62) and 0.94 h (±0.68), respectively, and 
0.85 h (±0.71) and 0.47 h (±0.54) in winter. ACR 
was lower in houses close to main roads in both 
seasons.  

Data related to ventilation duration in the 
houses were from surveys, which were found to be 
around 2 hours. According to the relationship 
between ventilation duration and ACR in the 29 
houses for duration less or greater than 2 hours, the 
respective rates were 1.18 h (±0.89) and 0.98 
h (±0.47) in summer, and 0.48 h (±0.42) and 0.82 
h (±0.75) in winter. ACR was usually higher 
because of open windows in summer and lower in 
winter since houses are less ventilated.  

Table 5 shows the comparison of the results of 
other studies and current study results. The results 
found by this study are comparable with other 
studies results. For example, indoor CO2 

concentration was reported at 1603 ppm in winter 
and 405 ppm in summer at 64 schools. It was also 
reported that in winter, CO2 concentration increased 
because of insufficient ventilation, which is 
important in determining indoor environment 
quality [28]. In South Korea in 10 houses, it was 
found that CO2 concentrations gradually increased 
after cooking was begun, but decreased whenever 

residents used natural or mechanical ventilation 
[29]. 

According to another study determining ACR 
carried out [30], winter ACRs were 2.2 3.3 h  and
5.3 19.7 h  in summer. In Northern Europe, It was
reported that the median ACR was 0.42 h  
(average 0.55 h ) in winter according to data 
collected from 2844 houses [31]. In Sweden, 60% 
of 390 multifamily houses and 80% of single-
family houses did not meet the 0.5 h  ACR 
specified in the building code [32].  

CONCLUSION 

It is determined that carbon dioxide 
concentrations in 29 houses along with ACR and 
outdoor air leakage in summer and winter. ACR 
was higher in summer than in winter. The reason 
for this is typically open doors and windows, which 
enhances air circulation.  

There is a similar relationship between 
outdoor air leakage and ACR, with the latter higher 
in summer than in winter. It was found that this 
leakage was above the standard of 50 L/s in 77% of 
houses in summer, and 34% in winter. Insufficient 
ventilation in the houses during winters might be 
the reason for this difference.  
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TABLE 5 
Comparison of CO2 concentrations and ACR values. 

 Parameters  Unit N Mean explain Ref 

CO2  ppm 

29 house 
627 summer 

this study 
1011 winter 

<1000 
with a mechanical 
ventilation system Griffiths and 

Eftechari, 2008 

1400 windows are closed 

64 school 
405 summer 

Fromme et al., 
2007 1603 winter 

ACR h-1 
29 house 

1,05 summer 
this study 

0,7 winter 

5,3-19,7 summer 
Loupa et al., 2006 

2,2-3,3 winter 

0,55 
winter 

Andersan et al., 
1997 

1,6 summer Fromme et al., 
2007 0,61 winter 

Most of the houses met the 0.35 h  limit for 
ACR in summer, but only 53% did so in winter.  

Indoor CO2 pollution levels in the houses were 
measured in winter and summer. CO2 concentration 
was found to exceed the 1000 ppm limit in winter, 
but was less than this value in summer. In winter, 
57% of houses exceeded the limit, but none during 
summer. It is believed that factors such as outdoor 
air pollution and leakage into the indoor 
environment, insufficient ventilation, cigarette 
consumption, and cooking are important in winter. 

There was low ACR in houses with smokers 
relative to houses without them. It is thought that 
increasing CO2 from cigarette consumption impacts 
the ACR.  

Higher ACR was found indoors with higher 
humidity in both summer and winter. ACR was 
lower in indoor environments with higher 
temperatures. ACR was higher in houses with 
smaller areas. 

There were smaller ACR values in houses 
close to main roads. It is believed that in such 
houses, pollution from traffic affects their indoor 
environment.  

It appeared that ventilation duration 
influenced ACR more strongly in winter. It is 
thought that ACR is lower in houses with short 
ventilation duration in winter, and that indoor 
pollution reduces ACR owing to insufficient 
ventilation.   

ACKNOWLEDGEMENT 

This study was financially supported by the 
Scientific and Technological Research Council of 
Turkey (Project No. 108Y166).  

REFERENCES 

[1] USEPA (1991) Indoor air quality: Sick building 
syndrome (EPA/402-F-94-004), Indoor Air 
Group, Resarch Triangle Park, North Cardina. 

[2] World Health Organization (WHO) (2003-
2004) Health risk assesment of indoor air 
quality (Mog/HSE/4.3/001,AC.01.03.01.Aw), 
Ulan boatar Mongalia. 

[3] Jones, A.P. (1999) Indoor air quality and health. 
Atmospheric Environment, 33, 4535 4564.

[4] Schramek, E. (1999) Recknagel-Sprenger 
Schramek- Heating and Air Conditioning 
Technology Handbook, TTMD, Ankara, 
Turkey. 

[5] Li, Y., Chen, Z. (2003). A balance-point method 
for assessing the effect of natural ventilation 
on indoor particle concentrations. 
Atmospheric Environment, 37, 4277-4285. 

[6] G. Gaidajis, and K. Angelakoglou (2012) Indoor 
air quality in terms of mass concentrations of 
particulate matter in areas of massive public 



© by PSP Volume 25  No. 7/2016, pages 2305-2318  Fresenius Environmental Bulletin 

2317 

congregation. Fresen. Environ. Bull., Issue 
1/8/2012. 

[7] Thatcher, T.L. and Laytol, D.W. (1995) 
Deposition, re-suspension and penetration of 
particles within a residence. Atmospheric 
Environment, 29, 1487 1497.

[8] Moriske, H.J., Drews, M., Ebert, G., Menk, G., 
Scheller, C., Schondube, M. and Konieczny, 
L. (1996) Indoor air pollution by different 
heating systems: coal burning, open fire place 
and central heating. Toxicology Letters, 88, 
349-354. 

[9] Quackenboss, J.J., Lebowitz, M.D. and 
Crutchfield, C.D. (1989) Indoor-outdoor 
relationships for particulate matter: exposure 
classifications and health effects. Environment 
International, 15, 353-360. 

[10] Polodori A., Fine PM., White V. and Kuran 
PS. (2013) Pilot study of high performance air 
filtration for classroom applications. Indoor 
Air, 23, 185-195. 

[11] ASHRAE, (2003) ASHRAE Handbook CD, 
2001 Fundamentals, Chapter 9: Indoor 
Environmental Health. Atlanta, USA. 

[12]  Applied Ventilation and Air
Conditioning Technology, Seçkin Publishing, 
Ankara, Turkey. 

[13] Schell, M. B., Turner, S. C. and Omar, S. 
(1998) Application of CO2-Based Demand-
Controlled   Ventilation Using ASHRAE 
Standard 62: Optimizing Energy Use and 
Ventilation, ASHRAE Transactions, 104(2), 
1213-1225.  

[14] Pandian, M.D., Ott, W.R. and Behar J.V. 
(1993) Residential air change rates for use in 
indoor air and exposure modeling studies. 
Journal of Exposure Analysis and 
Environmental Epidemiology, 3, 407-416. 

[15] Chao, C.Y.H. and Tung, T.C. (2001) An 
emperial model for outdoor contaminant 
transmission into residential buildings and 
experimental verification. Atmospheric 
Environment, 35, 1585-1596. 

[16] ASHRAE, (2010) Standard 62.2-2010 - 
Ventilation and Acceptable Indoor Air Quality 
in  Low- Rise Residential Buildings. 

[17] Griffiths M. and Eftekhari M. (2008) Control 
of CO2 in a naturally ventilated classroom. 
Energy and Building, 40, 556-560. 

[18] TSA, (2013) Turkey Statistical Agency, 
www.tuik.gov.tr. 

[19] BG, (2013) 
www.balikesir.gov.tr. 

[20] BMO, (2013) 

[21] 
Public Health Directorate, 
www.balikesir.saglik.gov.tr. 

[22]  Investigating
the impact of some meteorological parameters 

Environmental Monitoring and Assesment, 
140, 347-277. 

[23] er, L.H. and Selici A.T. (2011)
Calculation of Pollutant Emissions are Related 
to Energy Consumption in Residential, 18. 
National Thermal Science and Technology 
Congress. 165-170. 

[24] Persily, A.K. (1997). Evaluating Building IAQ 
and Ventilation with Indoor Carbon 
Dioxide.http://fire.nist.gov/bfrlpubs/build97/P
DF/b97044.pdf. 

[25] Bas, E. (2004) Indoor Air Quality-A Guide for 
Facility Managers, The Fairmont Pres, 
Lilburn,Georgia. 

[26] Bekö, G., Lund, T., Nors, F., Toftum, J. and 
Clausen, G. (2010) Ventilation rates in the 
bedrooms of 500 Danish children. Building 
and Environment, 45, 2289-2295. 

[27] Selici, A. T. (2014) Investigation of indoor air 
quality based on sources of pollutant and 
comfort parameters and energy consumption, 

f
Science, 80-82-

[28] Fromme, H., Twardella, D., Dietrich, S., 
Heitmann, D., Schierl R., Liebl, B. And 
Rüden, H. (2007)  Particulate matter in the 
indoor air of classrooms-exploratory results 
from Munich and surrounding area, 
Atmospheric Environment, 41, 854-866. 

[29] Lee, H. Lee, Y.J., Park, Y.S., Kim, W.Y., Lee, 
Y. (2012) The Improvement of ventilation 
behaviours in kitchen of residential buildings. 
Indoor and Built Environment, 21( 1), 48-61. 

[30] Loupa, G., Charpantidou, E., Kioutsioukis, S. 
and Rapsomanikis, S. (2006) Indoor 
microclimate, ozone and nitrogen oxides in 
two medieval churches in Cyprus, 
Atmospheric Environment, 40, 7457-7466.  

[31] Andersen, C.E., Bergsoe, N.C., Majborn, B. 
and Ulbak K. (1997) Radon and natural 
ventilation in newer Danish single-family 
houses. Indoor Air Qual Clim, 7(4):278-86. 

[32] Bornehag, C.G., Sundell, J., Hagerhed-
Engman, L. and Sigsgaard, T. (2005) 
Association between ventilation rates in 390 
Swedish homes and allergic symptoms in 
children. Indoor Air, 15(4), 275-280. 

Received: 14.08.2015 
Accepted: 11.12.2015 



© by PSP  Volume 25  No. 7/2016, pages 2305-2318        Fresenius Environmental Bulletin 

2318 
 

 

CORRESPONDING AUTHOR 
 
Nadir Ilten 
Balikesir University 
Faculty of Engineering 
Department of Mechanical Engineering 
10145 Balikesir  TURKEY  
 
e-mail: nilten@balikesir.edu.tr 
 
 
 
 



© by PSP Volume 25  No. 7/2016, pages 2319-2330 Fresenius Environmental Bulletin 

2319 

THE PROTECTION OF GLYCYRRHIZA POLYSACCHARIDE 
ON 2,3,7,8 TETRACHLORODIBENZO-P-DIOXIN INDUCED
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ABSTRACT

Exposure to 2,3,7,8-tetrachlorodibenzo-p- 
dioxin (TCDD) represents a potential health risk 
and hepatotoxicity. The aim of this study was to 
evaluate the protective effects of Glycyrrhiza 
polysaccharide (GPS) against2,3,7,8 tetrachloro- 

dibenzo-p-dioxin (TCDD)-induced 
hepatotoxicity in Jian carp using Precision-Cut 
Liver Slices (PCLS). In this study, PCLS were 
divided into six groups, five treatment groups 
(pre-treatment group, post-treatment group, pre and 
post-treatment group, TCDD group, GPS control 
group), and one blank control group, GPS (0.2, 0.4 
and 0.8 mg mL-1) was added to the PCLS before 
(pretreatment), after (post-treatment) and both 
before and after (pre- and post-treatment) the 
incubation of the PCLS with TCDD at 0.3 L-1 in
the culture medium. The results showed, after 
PCLS treated with GPS, it was indicated that pre- 
and post-treatment group had the best effect on 
relieving TCDD damage, it could significantly 
inhibited the elevation of glutamate pyruvate 
transaminase (GPT), glutamate oxalate 
transaminase (GOT), lactate dehydrogenase (LDH), 
malondialdehyde (MDA), tumor necrosis factor-
(TNF- - -
immunoglobulin M(IgM), and significantly 
increased the level of superoxide dismutase (SOD) 
and glutathione S-transferase (GST). GPS can also 
reduce the expression of AhR2, ARNT2, CYP1A 
mRNA in different degrees. The present findings 
might provide new insight into the development of 
therapeutic and preventive approaches of TCDD 
toxicity. 

KEYWORDS:  
2,3,7,8-tetrachlorodibenzo-p-dioxin, Precision-Cut Liver 

Slices, Glycyrrhiza polysaccharide, Aryl hydrocarbon 

(AhR2), Aryl hydrocarbon receptor nuclear translocator 

(ARNT2),  Cytochrome P4501A (CYP1A) 

INTRODUCTION 

In recent years, the toxicity mechanism of 
dioxins has become a hot research topic. Dioxins 
are organic pollutants which can exist 
in soil, air and water, and originate mainly from 
industrial garbage and waste incineration[1]. It 
usually enriches in adipose tissue, and can be 
gradually amplified by the food chains. It seriously 
interferes with the normal function of the endocrine 
system of the organism and displays a wide 
spectrum of toxic effects, including dermal toxicity, 
reproductive toxicity, immunotoxicity, and 
hepatotoxicity [2, 3]. Previous experiments have 
shown that many chemicals, such as microcystin, 
dioxin, and lipopolysaccharide (LPS) can cause 
liver damage[4]. The current research on TCDD 
mainly relates to the environment and mammals. In 
humans, short-term exposure to high levels of 
TCDD often presents as liver damage and 
chloracne, while low-dose long-term exposure has 
been linked to immune deficiency, diabetes, and 
various cancer type[5-8]. Only less reports about 
the fish, such as the report about the effects of 
2,3,7,8 tetrachlorodi benzo-p-dioxin on the growth
of fish[9].  

Typically, TCDD is biotransformation in the 
liver, so liver is the main storage site and target 
organ. The liver has long been thought to play the 
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major role in drug metabolism, first pass 
metabolism was almost exclusively attributed to the 
liver, the metabolic capacity of the intestine has 
been increasingly recognized. Nowadays, PCLS is 
widely used in pharmaceutical drug discovery and 
development as an approach for toxicological 
screening of new drugs[10-12], although the 
procedure of PCLS was easy adapted to many 
species, this technology has rarely been used in fish, 
especially the Jian Carp. 

At present, for TCDD therapy, some 
researchers found that astaxanthin prevented the 
suppression of antioxidant enzymes in the livers of 
animals exposed to TCDD [13]. Some researchers 
also studied L-glutamine (Gln) in alleviating the 
toxicity of TCDD in liver of rats[14]. There are no 
reports about used Chinese herbal medicine to treat 
and prevent TCDD toxicity. Chinese medicinal 
herbs have been widely used in animal disease, 
Glycyrrhiza was one of the common traditional 
Chinese herbal medicine, Glycyrrhiza 
polysaccharide (GPS) was the active 
polysaccharides extracted from Glycyrrhiza, GPS 
mainly consists of rhamnose, glucose, arabinose, 
galactose, which could adjust the immunity, 
anti-tumor, anti -virus, antioxidant and so on. In the 
latest research, GPS has good scavenging effect on 
DPPH, OH-, O2

-.[15]. GPS, one of the major active 

disease by activating proteins in the immune 
system[16]. Although numerous studies have 
reported its beneficial effects in mammals, there is a 
lack of reports on its function in aquatic animals.  

In this study, a liver damage model of 
Cyprinus carpio var. Jian (Jian carp) was 
established by TCDD induction, and the effects of 
GPS on changes in the liver indices, 
liver-associated enzymes, and the expression of 
AhR2, ARNT2, CYP1A mRNA in the liver were 
investigated.  

MATERIALS AND METHODS 

Chemicals. L-15 medium, dimethyl sulfoxide 
(DMSO), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

-buffered saline
(D-PBS), gentamicin sulfate, insulin, 
streptomycin/penicillin and heparin were purchased 
from Sigma Company (Sigma-Aldrich Co. LLC., 
santa clara, CA, USA). Fetal bovine serum (FBS) 
and cell culture plates were ordered from Gibco 

Company (Gibco Company, Carlsbad, CA, 
USA). TNF- -
Shanghai Zhaorui bio-tech Co., Ltd (Shanghai 
Zhaorui bio-tech Co., Ltd, Shanghai, CN). TCDD
was the product of Toronto Research Chemicals 
(Toronto Research Chemicals, Toronto, Ontario
CAN) (CAS1746-01-6, purity 98 %). Glycyrrhiza 
polysaccharide (GPS) was purchased from Nantong 
universal plant extract co., Ltd (Nantong universal 
plant extract co., Ltd., Nantong, CN). All other 
reagents used in the experiment were of analytical 
grade. 

Fish. Jian carp were obtained from the 
Freshwater Fish Research Center of Chinese 
Academy of Fishery Sciences, Wuxi, China. Fish 
were reared at 26  in a recirculation system and 
fed adlibitum twice a day with diets containing 40 % 
crude protein, 10 % crude lipid, 10 % ash and an 
energy content of 21 kJ g-1DM. 

Preparation and culture of slices. In sterile 
conditions, the livers were immediately excised and 
placed in cold L-15 medium containing with 25 
mM D-glucose, 50 g ml-1 gentamicin, and 2.5 mg
mL-1 fungizone previously gassed with 95% O2 , 5% 
CO2 by basic method, the liver was cut into pieces 
of 5 mm × 5 mm × 5 mm and embedded in a low 
melting point agarose. The slices were prepared 
using a ZQP-86 tissue slicer (Zhejiang Jinhua Kedi 
Instrumental Equipment Co., Ltd., Jinhua, CN) and 
cultured in 24-well plate in oxygenated L-15 at 
27 . 

(1)Thickness 
The slices are fixed to 200, 300, 400 and 500 

cultured in 24-well plate for 0, 8, 16, 24 and 48 
hours at 27 . Then the biochemical indices were 
measured. 

(2)PH 

in L-15 medium with different pH (6.8, 7.0 and 7.2) 
for 0, 8, 16, 24 and 48 hours at 27 . Then the 
biochemical indices were measured. 

(3)Viability assay 
PCLS viability was estimated by adenosine 

triphosphate (ATP) content. The viability of the 
tissue slices were measured via ATP determination 
using the ATP Determination Kit (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, CN). 
The results are expressed as μmol ATP g protein-1. 
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DPPH assay. To determine the radical 
scavenging activity of GPS, DPPH assay was 
conducted according to the methods described 
previously. Different methanolic dilutions of extract 
were prepared (0.05-0.35 mg mL-1). Briefly, 2.0 mL 
GPS extract was added to 2 mL DPPH solution (90 

mixtures were shaken vigorously and allowed to 
stand at room temperature for 30 min. The decrease 
of solution absorbance due to proton donating 
activity of components of each extract was 
determined at 519 nm. Lower absorbance of the 
reaction mixture indicates higher free radical 
scavenging activity. The DPPH with corresponding 
solvents (without plant material) serves as control. 
The DPPH radical scavenging activity was 
calculated using the following formula: DPPH 
radical scavenging activity (%) = [(A0  A1 /A0)
×100], where A0 is the absorbance of the control, 
and A1 is the absorbance of extract or standard 
sample. 

Treatments of Precision-Cut Liver Slices 
with GPS. The hepatoprotective effect of GPS was 
investigated using an in vitro model of 
TCDD-induced PCLS injury. Six groups were set 
up as follows:   

(1)Control: slices were cultured in L-15 for 3 
h. 

(2)GPS control: slices were cultured with 
GPS at 0.8 mg mL-1 in L-15 for 3 h. 

(3)TCDD control: slices were cultured with 
0.3  L-1 in L-15 for 3 h.

(4)Pre-treatment group: The PCLS were 
firstly incubated with 0.2, 0.4, 0.8 mg mL-1 of GPS 
for 3 h, then washed and incubated with TCDD at 
the concentration of 0.3  L-1 for another 3 h.

(5)Post treatment group: The PCLS were 
incubated with TCDD at the concentration of 0.3 
L-1 for 3 h, then washed and incubated with GPS at 
the concentrations of 0.2, 0.4, 0.8 mg mL-1 for 
another 3 h. 

(6)Pre and post treatment group: The PCLS 
were first incubated with 0.2, 0.4, 0.8 mg mL-1 of 
GPS for 3 h, and then, TCDD was added at a final 
concentration of 0.3  L-1; with 3 h incubation of
TCDD, the PCLS were further treated with GPS at 
the concentrations of 0.2, 0.4, 0.8 mg mL-1 for 
another 3 h.  

For each set of conditions, six experiments 
were performed. At the end of experiment, the 
supernatants and slices from each individual well 
were collected and stored at - 20 . 

Biochemical index assays. GPT, GOT, TNF-
IL- nts and LDH,
ATP, MDA, SOD, GST, in the liver slice 
homogenates were measured using kits from 
Nanjing Jiancheng Bioengineering Institute 
(Nanjing Jiancheng Bioengineering Institute, 
Nanjing, CN). Protein content in the liver slice 
homogenate was determined using BCA test kit. 
GPT, GOT were expressed as U L-1, SOD, GSH-ST 
were expressed as U mg-1 protein, TNF- -
were expressed as ng L-1, IgM was expressed as ng 
mL-1, LDH was expressed as U g-1 protein, ATP 
wer  g-1 protein, and MDA was
expressed as nmol mg-1 protein. 

Western blotting assay. The levels of CYP1A 
protein were determined by immunoblotting. 
Protein samples were boiled for 5 min in loading 
buffer (Beyotime Institute of Biotechnology, 
Haimen, CN), loaded onto a 12 % SDS 
polyacrylamide gel, separated electrophoretically, 
and transferred to a cellulose acetate membrane. 
The cellulose acetate membrane was blocked with 
sealing fluid and the proteins were probed with a 
mouse anti-fish CYP1A monoclonal antibody 
(Biosense, Thane West, India; 1:3000 dilution). The 

-actin protein was used as the internal control.
Alkaline phosphatase-labeled anti-mouse IgG 
antibody (Beyotime, Haimen, China; 1:3000 
dilution) was used as the secondary antibody in the 
staining reaction. The amount of immunoreactive 
product in each lane was determined using Quantity 
One software (BioRad Laboratories, Hercules, CA, 
USA).  

Gene expression analysis of CYP1A, 
AhR2,ARNT2. Total RNA was extracted from fish 
liver using a fast pure RNA kit (TaKaRa 
Biotechnology Co., Ltd., Dalian, CN), according to 

was detected by gel electrophoresis, the RNA 
concentration was determined by GeneQuant 1300 
(GE Healthcare Biosciences, Piscataway, NJ, USA), 
and normalized to a common concentration with 
DEPC treated water (Invitrogen, Carlsbad, CA, 
USA) before proceeding to cDNA synthesis. The 
procedure for reverse transcription was carried out 

(Invitrogen, Carlsbad, CA, USA), and the products 
(cDNA) were then stored at -20  for qRT-PCR. 

Real-time quantitative PCR (qRT-PCR) was 
performed to detect the gene expression of AhR, 
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ARNT, and CYP1A in fish liver using SYBR 
Premix Ex Taq (TaKaRa Biotechnology Co., Ltd., 
Dalian, CN), and the reaction was performed on an 
ABI PRISM 7500 Detection System (Applied Bio 
systems, Foster city, CA, USA). The program was 
set to run for one cycle at 95  for 30 s, 33 cycles 
at 95  for 5 s and at 60  for 34 s. The primers 
used in this study are listed in Table l. The 
specificity of PCR amplification was confirmed by 
agarose gel electrophoresis and melting curve 
analysis. The gene expression results were analyzed 
using the 2-  method. 

TABLE l 
Sequence of primers used for quantitative 

real-time PCR. 

Gene PCR sequence 

AhR2 

ARNT2 

CYP1A 

F: ATTCCCTTCCTCAAAAACCGT 

R: AGTCCAGGATTGGCAGCGT 

F: TGGATATGAACGGACTCTCTGTG 

R: CCTGTTGGAAGCTCTCTCGC 

F: TGACAAGGACAACATCCGAGAC 

R: TAGACGACAGCCCAAGACAGAG 

-actin 
F:GTCAAGTCCGTTGAGATGCACC 

R:GGATGATGACCTGAGCATTGAAGC 

Statistical analysis. The data were analyzed 
with one-way ANOVA using the SPSS 17.0 
software and expressed as means ± standard 
deviation of the means. * P <0.05 and ** P <0.01 
were taken as statistically significance.  

RESULTS 

Effects of different cultured conditions on 
the biochemical indices. The level of ATP in liver 
slices of different thickness at various time points 
are presented in Figure 1a. The results showed that 
there was no detectable depletion of ATP in slices at 

6 hours culture, indicating

normal energy metabolism with no significant 
change for up to 16 hours.  

As shown in Figure 1(b, c, d), there were no 
significant increase in both GOT and GPT leakage 

cultured 16 hours, and LDH leakage from slices at 

can remain stable for more than 16 hours

FIGURE 1 
The effects of different slices thickness on the level of ATP (a), GOT (b), GPT (c) and LDH (d) at different 

times. Values are expressed as mean±SD (n=3). x, y, z significant differences (P < 0.05) between different 
thicknesses at various time point; a, b, c significant differences (P< 0.05) between different cultured times at 

each thickness. 
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FIGURE 2 
The effects of different cultured pH on the level of ATP (a), GOT (b), GPT (c) and LDH (d) after cultured 

for different time. Values are expressed as mean±SD (n=3). x, y, z significant differences (P < 0.05) between 
different thicknesses at each cultured time;a, b, c significant differences (P< 0.05) between different 

cultured time at each thickness. 

The level of ATP in liver slices at 300 
different time is presented in Figure 2a. There was a 
remarked depletion of ATP in slices at pH 7.2 after 
cultured for 16 hours, however, no detectable 
depletion of ATP in slices at pH 6.8, 7.0 after 
cultured for 16 hours was observed, demonstrating 
that the slices can keep stable energy metabolism 
for up to 16 hours.  

FIGURE 3 
Radical scavenging activity of GPS: the 

inhibition of DPPH changed as the concentration 
of GPS varied. 

The leakages of GOT, GPT and LDH in liver 
slices at each cultured time are presented in Figure 
2 (b, c, d). There were no significant increase in 

GOT leakage from the liver slices at pH 6.8 and 7.0 
after cultured 16 hours, but LDH and GPT leakage 
from slices at pH 6.8 showed significant increase 
after cultured for 16 hours, indicating that the slices 
at pH 7 can remain stable for more than 16 hours. 

Radical scavenging activity of GPS. In order 
to verify the antioxidant power of GPS and its free 
radical scavenging potency, the DPPH assay was 
performed. The results showed that GPS even at 
lower concentration exerted a potent radical 
scavenging activity (Figure 3). 

Effects of GPS on GOT, GPT and LDH 
activities. As shown in Figure 4, cultured PCLS 
treated with TCDD, the activities of GOT, GPT, 
LDH in PCLS culture medium increased 
significantly (P<0.01). When PCLS were treated 
with GPS at 3 different concentrations, 
pre-treatment, post-treatment and pre- and 
post-treatment of the PCLS significantly reduced 
the increasing activities of GPT, GOT and LDH 
induced by TCDD.  
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FIGURE 4 
Effects of GPS on the activity of GOT(A), 
GPT(B), LDH(C) in TCDD-treated PCLS 

culture medium 
Ctrol: slices cultured in L- 15; GPS Ctrol: slices 

cultured in L- 15 with GPS at 0.8 mg mL-1; 
TCDD: slices cultured in L- 15 with  TCDD at 

 L-1. Values are expressed as mean ± SD
(n=6). * P <0.05; **P<0.01, compared with 

TCDD group. 

Effects of GPS on hepatic antioxidant 
enzyme activities. As shown in Figure 5, compared 
with the control group, the SOD activity and 
amount of GST reduced significantly when PCLS 
were treated with TCDD alone (P<0.01). 
Pre-treatment with GPS at 0.2, 0.8 mg mL-1 
significantly increased SOD activity, post-treatment 
with GPS at 0.4, 0.8 mg mL-1 significantly 

increased SOD activity and amount of GST, 
pre- and post-treatment with GPS at 0.4 mg mL-1 
significantly increased SOD activity and amount of 
GST. 

FIGURE 5 
Effects of GPS on the contents of SOD(A), 

GST(B) in TCDD-induced liver injury.  
Ctrol: slices cultured in L- 15; GPS Ctrol: slices 

cultured in L- 15 with GPS at 0.8 mg mL-1; 
TCDD: slices cultured in L- 15 with  TCDD at 

 L-1. Values are expressed as mean ± SD
(n=6). * P <0.05; **P<0.01, compared with 

TCDD group. 

FIGURE 6 
Effects of GPS on slices lipid peroxidation in 

TCDD-induced liver injury.  
Ctrol: slices cultured in L- 15; GPS Ctrol: slices 

cultured in L- 15 with GPS at 0.8 mg mL-1; 
TCDD: slices cultured in L- 15 with  TCDD at 

 L-1. Values are expressed as mean ± SD
(n=6). * P <0.05; **P<0.01, compared with 

TCDD group. 
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FIGURE 7 
Effects of GPS on the contents of TNF- (A),
IL- (B), IgM(C) in TCDD-treated PCLS

culture medium. Ctrol: slices cultured in L- 15; 
GPS Ctrol: slices cultured in L- 15 with GPS at 

0.8 mg mL-1; TCDD: slices cultured in L- 15 with 
 L-1. Values are expressed as

mean ± SD (n=6). * P <0.05; **P<0.01, compared 
with TCDD group 

Effects of GPS on lipid peroxidation . As 
shown in Figure 6, cultured PCLS treated with 
TCDD alone showed a threefold increase in the 
amount of MDA released into the medium (P<0.01). 
The inhibited MDA formation was significantly 

inhibited in pre-treatment, post-treatment and 
pre- and post-treatment. 

Effects of GPS on TNF- -
amounts. As shown in Figure 7, cultured PCLS 
treated with TCDD, the amounts of TNF- -
IgM in PCLS had an increased trend (P<0.01 or 
P<0.05). In 3 treatment groups, GPS at the 
concentration of 0.2, 0.4 and 0. 8 mg mL-1 could 
obviously decrease the amounts of TNF- -
IgM to different degrees (P<0.01 or P<0.05). 

Effects of GPS on CYP1A protein 
expression. As shown in Figure 8, the expression 
of CYP1A was low in control group and GPS 
control group, after treated with TCDD, the 
expression of CYP1A in PCLS increased; when 
precision cut liver slices were treated with 3 
different concentrations of GPS, in pre-treatment 
group, with the concentration increased, the protein 
expression of CYP1A decreased these results 
showed that GPS had some effect on anti liver 
damage which induced by TCDD. In post-treatment, 
GPS at the concentration of 0.2, 0.8 mg mL-1 could 
decrease the protein expression of CYP1A; and in 
pre- and post-treatment, GPS at the concentration of 
0.2, 0.4 and 0.8 mg mL-1 could decrease the protein 
expression of CYP1A. 

Effects of GPS on CYP1A , AhR2 and 
ARNT2 gene expression. As shown in Figure 9, 
AhR2, ARNT2, CYP1A mRNA expression 
increased significantly in TCDD treatment group 
compared to the normal control. When PCLS were 
treated with 3 different concentrations of GPS, in 
pre-treatment group, GPS at the concentration of. 
0.8 mg mL-1 had the best effect on decreasing the 
expression of CYP1A mRNA; in post-treatment 
group, GPS at the concentration of 0.4, 0.8 mg mL-1 
had the best effect on decreasing the expressions of 
AhR2, ARNT2,  

        61kDa 
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FIGURE 8 

Effects of GPS on the protein expression of CYP1A by western blotting. 
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FIGURE 9 
Effects of GPS on AHR2(A), ARNT2(B), CYP1A(C) mRNA expression levels of PCLS injury induced by 

TCDD. Ctrol: slices cultured in L- 15; GPS Ctrol: slices cultured in L- 15 with GPS at 0.8 mg mL-1; TCDD: 
slices cultured in L-  L-1. Values are expressed as mean ± SD (n=6). * P <0.05;

**P<0.01, compared with TCDD group. 

CYP1A mRNA; in pre- and post-treatment group, 
GPS at all the three concentrations significantly 
decreased the expression of AhR2, ARNT2, CYP1A 
mRNA to different degrees. 

DISCUSSION 

In the past decades, the development of in 
vitro models to study the toxicity of manmade 
chemicals in fish species often used hepatocytes 
and hepatoma cell lines [17]. But these methods 
have limited ability to research the in vivo toxicity, 

 effects of
drugs or poison on fish liver . In this study, PCLS 
were used to screen drugs for relieving TCDD 
induced liver injury in Jian carp for the first time. 
PCLS have been confirmed by microarrays that 
PCLS more closely predicted in vivo toxicity than 
isolated hepatocytes or established cell lines[18]. 
The best preparation and cultivation condition of 
liver slices is the key to the success of this 
experiment, so we set different thickness and 
medium pH to evaluate the slices viability and 
measured different biochemical indices to analyze 
the optimal slice thickness and medium pH. The 

results showed that the slices at 300 
medium kept good bioactivity for more than 16 
hours. 

About the toxicity mechanism of TCDD, the 
study mainly focus on oxidative stress. Oxidative 
stress is an important mechanism of chemical 
toxicity including TCDD, CCl4, ethanol. Normally, 
the antioxidant system made production and 
elimination of activated oxygen in a balanceable 
and dynamic state, it could prevent excessive ROS 
caused oxidative stress, kept the body balance, and 
maintained the normal structure and function of 
cells. when the body metabolism imbalance, it will 
cause oxidative damage to the body. 

GOT, GPT, LDH are the most sensitive 
indicator of liver diseases, their values also reflect 
the degree of injury[19]. In this experiment, GOT, 
GPT, LDH activities in model group were 
significantly higher than those in control group, 
after treated with 3 different concentrations of GPS, 
GPS at all the three concentrations significantly 
reduced the activities of GOT, GPT, LDH (P<0.01). 
Our results were consistent with the report from 
Cao [20] that GPS could markedly inhibit the levels 
of GOT, GPT and LDH induced by t-BHP. 

Lipid peroxidation was an important 
parameter of oxidative stress, and it usually was 
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reflected by levels of MDA [21]. MDA usually 
combined with SOD or GST to reflect the degree of 
injury of oxygen free radical on the cells. The 
antioxidant enzymes (SOD, GST) play an important 
role in defending the cells against free 
radical-mediated oxidative damage[22], SOD is one 
of the enzymes on free radical scavenging, 
inhibition of free radical reaction in vivo, it can 
prevent xanthine dehydrogenase into xanthine 
oxidase, reduce the production of free radicals, 
protect liver cells. When oxidative damage or free 
radicals occurred, the activity of SOD decreased. 
Therefore, the activities of SOD, GST reflect the 
degree of oxidative damage. In this study, after 
treated with different concentrations of GPS, the 
increasing of MDA caused by TCDD effectively 
reduced (P<0.01) and the activity of SOD also 
increased significantly (P<0.01), 3 different 
concentrations of GPS can reduce the content of 
MDA caused by TCDD (P<0.01). The activity of 
SOD increased significantly (P<0.01), which 
showed that GPS can anti the liver injury caused by 
TCDD. The similar results have been shown in SD 
rats[23]. 

TNF- -
immunomodulatory cytokines, mainly produced by 
monocytes- macrophage activation, which have 
strong anti-infection and anti-cancer effects. It was 
reported that TNF- -
pathophysiological process in inflammation 
reaction, played an important role in the 
pathogenesis of many diseases[24-26]. Mass of 
TNF- -
and persistent hepatic injury and inflammation 
leading to the progressive liver damage, fibrosis, 
and finally cirrhosis [27, 28]. IgM is immune 
globulin, which reflects the damage degree of liver 
disease. In this experiment, after treated with 
TCDD, the levels of the immune factors TNF-
IL- P<0.01 or
P<0.05). This indicated that TCDD caused some 
damage to fish liver. After treated with different 
concentrations of GPS, GPS in pre and post group 
at the concentration of 0.2, 0.4 mg mL-1 decreased 
significantly the amount of TNF- P<0.01); the
amounts of IL-
(P<0.01). This showed that GPS had protective 
effect on liver injury caused by TCDD. 

Western blotting is a well-established, 
inexpensive and accurate way of measuring protein 
content.CYP1A is the important subgroup of 
CYP450, its activity level can directly influence the 
therapeutic effect of drugs and toxic effect. The 

expression level of CYP450 have been 
popularly used to screen and research new drugs in 
the world[29-33] It could predict the effectiveness 
and potential toxicity of drugs in vitro and in vivo. 
In this experiment, after treated with TCDD, we 
found that TCDD significantly increased the 
expression of CYP1A, in different treatment group, 
order of dosing also influence the expression of 
CYP1A. In post treatment group, CYP1A 
expression decreased gradually with the drug 
concentration increasing, which indicated that the 
high concentration of GPS had certain inhibition on 
CYP1A expression. In the pre-treatment group, the 
expression of CYP1A was not obvious regularity. In 
pre and post treatment group,CYP1A expression 
decreased gradually along with the increase of GPS. 
From the results, we knew that GPS has good effect 
on relieving TCDD damage. 

A number of evidence support the idea that the 
regulation of adaptive metabolism requires an AhR 
partnership with the aryl hydrocarbon receptor 
nuclear translocator (ARNT)[34]. In this study, the 
expression of AhR2, ARNT2, CYP1A mRNA 
increased significantly in TCDD treatment group 
compared to the normal control.  The similar 
results have been shown in 
atlantic salmon ( salmo salar) [35]. It was reported 
that TCDD as the ligand of AhR, binding with the 
AhR of cytoplasm entering the cellular nucleus, and 
then combined with the specific enhancer sequence, 
induced the ARNT, CYP1A mRNA expressions[36]. 
When precision cut liver slices were treated with 3 
different concentrations of GPS, pre-treatment, 
post-treatment and pre-and post-treatment of the 
PCLS with GPS at all the three concentrations 
reduced the expressions of AhR2, ARNT2 mRNA 
induced by TCDD in different degrees . 

CONCLUSIONS 

In summary, the present findings demonstrate 
that GPS plays a protective role against liver 
damage induced by TCDD in Jian carp. The 
hepatoprotective effects of GPS are closely 
associated with the elevation of the hepatocyte 
antioxidative capacity and inhibition of the 
expression of AhR2, ARNT2, CYP1A.  
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ABSTRACT 

 
This study is to analyze the nutrient 

differentiations in the reconstructed soils in the 
open-cast mine dump at micro-topography level. 
Soils were sampled in dump at half shady, shady, 
half sunny and sunny slopes. The results are 
summarized as follows. Firstly, the soil nutrient 
status was improved, and the variability of nutrients 
was noticeable, with medium levels of variability. 
Secondly, the means of the soil nutrients at the 
slopes was slightly higher than that at the platforms. 
Thirdly, the means of the soil nutrients tended to 
decrease with an increase in altitude, although 
obvious differences in nutrients at different 
altitudes were not observed. Fourthly, the means of 
soil nutrients exhibited an increasing, decreasing, 
and increasing trend with slope increasing. 
Additionally, the mean of the soil total nitrogen was 
significantly different between the low and medium 
slopes, and a similar significant difference occurred 
between the medium steep and high steep slopes. 
Fifthly, the means soil nutrients at the shady slope 
was lower than that at half shady slope, and the 
means of the soil organic matter, the soil total 
nitrogen and the soil available phosphorus at the 
sunny slope were lower than that at the half sunny 
slope. The mean of the soil available phosphorus at 
the half shady slope was significantly different 
from that at the shady, sunny and half sunny slopes, 
whereas the mean of the soil available potassium 
was significantly different between the half shady 
and half sunny slopes. 

 

 

KEYWORDS: 
land reclamation; soil reconstruction; soil nutrients; 
micro-topography; open-cast mine 

 

 

INTRODUCTION 

 
Open-cast mining has a strong impact on the 

environment and constitutes degraded ecosystems 
resulting from mineral extraction for over long 
periods of time, and the intensity depending on the 
morphology of the deposit and on the nature of the 
minerals (Cerqueira et al. 2012 ). 
Mining operations resulted in significant losses of 
soil nutrient, microbial biomass C and microbial 
quotients (Banning et al. 2008). Mine soils are 
unfavorable environments for plants due to the poor 
substrate structure, lack of nutrients (Borden and 
Black 2005; Varennes et al. 2011). 

Soil reconstruction can restore or rebuild land 
that is destroyed in industrial areas and mine areas, 
and the goal of soil reconstruction is reconstructing 
suitable soil profiles, soil nutrient conditions and 
stable geomorphological landscapes to restore soil 
productivity and improve soil environmental 
quality over a relatively short period of time. 
Appropriate mining and reconstruction techniques 
are often required that employ engineering, 
physical, chemical, biological and ecological 
measures (Stephens et al. 2003; Hu et al. 2005). 
The process of soil reconstruction involves 
replacing the overburden, grading it to the original 
contour, and spreading the topsoil to about 30 cm 
depth. These new altered soils are called 
reconstructed mine soils, which are relatively 
young and developing from a mixture of 
fragmented rocks and soil (Sencindiver and 
Ammons 2000). Topsoil is an essential component 
for land reclamation in mine areas (Gilbert 2000; 
Ghose 2001). Currently, academics agree that it is 
hard to reconstruct topsoil and modern land 
reclamation technology research should focus on 
soil reconstruction factors (Bradshaw 1997; Hu and 
Chong 1999; Bian and Zhang 2000; Bai et al. 2001; 
Cao et al. 2014; Dikinya 2015). Therefore, soil 
reconstruction is the focus and core task in land 
reclamation (Topp et al. 2010; Cao et al. 2013; 
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Wang et al. 2015).  
However, without viable soil parent materials, 

it is impossible or difficult to achieve satisfactory 
growth of crops and vegetation (
2005; Banning et al. 2008; Shrestha and Lal 2011; 
Kijjanapanich et al. 2014). After final placement, 
the surface mine spoils are often graded to a smooth 
condition prior to application of herbaceous seeds 
(Fields-Johnson et al. 2012). Soil quality indicators 
should be useful to evaluate the changes brought 
about by assisted phytostabilization of mine soils. 
Parameters related with biological and biochemical 
status of soils have been proposed as sensitive 
indicators of soil ecological stress during a 
restoration process (Tejada et al. 2006; De et al. 

The reconstruction of 
soil nutrient is an important embodiment of the land 
reclamation effect (Forján et al. 2014; Kelly et al. 
2014). Generally, soil nutrients include soil organic 
matter, soil total and available nitrogen, phosphorus, 
and potassium. Soil formation and organic carbon 
accumulation in post-mining landscapes depend on 
the growth of vegetation cover and the 
mineralization of plant debris, which are obviously 
limited by the contents of nitrogen and phosphorus 

  
Soil organic matter is a soil quality control 

indicator that affects soil nutrient, and it was 
incorporated into the Controlling Standards on 
Land Reclamation Quality promulgated by the 

Ministry of Land and Resources, China in 2013. 
Soil organic matter plays a key role in early soil 
forming processes and reestablishment of 
ecosystem functions on reclaimed post mining sites. 
The quantity and quality of soil organic have strong 
influences on other essential soil characteristic such 
as aggregation and water holding, nutrient 
accumulation and the soil's biochemical and 
microbial properties (Chodak et al. 2009; Wick et al. 
2013; Pietrzykowski and Daniels 2014). Recovery 
of soil organic matter is critical to the success of 
rehabilitation schemes following major ecosystem 
disturbance (Banning et al. 2008). There is typically 
a substantial decrease in soil organic matter content 
when topsoil is removed, stockpiled and then 
spread on rehabilitated land (Williamson and 
Johnson 1990). Soil organic matter then slowly 
increase as above-ground vegetation develops on 
the dump site (Akala and Lal 2001; Bendfeld et al. 
2001; Graham and Haynes 2004).  

Mining and reclamation activities also cause 
drastic loss of the antecedent soil nitrogen in mined 
(Ganjegunte et al. 2009). Nitrogen accumulation is 
controlled by organic carbon input and N2 fixation 
(Anderson et al. 2008; Fu et al. 2010). Shrestha and 
Lal (2011) observed that soil total nitrogen 
concentrations for 0-15 cm depth ranged from 1.10 
to 2.96 g/kg in the undisturbed site compared with 

 

 
 

 
 

FIGURE 1 
Location of the study area. 
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0.54 to 1.10 g/kg in the reclaimed mine sites, 
indicating a large loss of nitrogen by mining and 
reclamation activities. Land use will impact the 
nitrogen accumulation (Shrestha and Lal 2007; 
Keskin and Makineci 2009).  

Soil phosphorus is determined by soil organic 
matter, pH of soil substrate and weathering process 
(Anderson et al. 2008; Fu et al. 2010). Frouz et al. 
(2011) indicated that soil organic matter was 
significantly positively correlated with soil 
available phosphorus and soil available potassium. 
Soil available phosphorus was negatively correlated 
with pH and positively correlated with soil 
available potassium.  

Soil nutrients in the reconstructed soils of an 
open-cast mine are highly variable (Bai et al. 2001), 
and as the land is reclaimed, the soil nutrients 
increase, although they remain highly variable (Fan 
et al. 2010; Cao et al. 2013). Researches on 
reconstructed soil nutrient mainly focused on soil 

organic matter accumulation with little attention to 
other nutrients. The assessment of reconstructed 
soil nutrient includes not only the soil organic 
matter, but the total and available nitrogen, 
phosphorus, and potassium. Meanwhile, the 
nutrients display distinct spatial heterogeneity due 
to the surface micro-topography of dump sites with 
little attention. This study was primarily based on 
the characteristics of reconstructed soil nutrients in 
an opencast mine dump site and spatial distribution 
and variability of soil organic matter, total nitrogen, 
and available phosphorus and potassium of surface 
soils in different micro-topography. The goal was to 
provide a reference for optimizing land reclamation 
technology at the micro-topography and improve 
the quality of reconstructed soil in mine areas by 
examining the causes for the differences in the 
spatial distribution and variability. 

 

 
TABLE 1 

Quadrat location, site type and primary vegetation type. 
 

Quadrat 

number 

Coordinates 
Site type Vegetation type 

Longitude Latitude 

S1   platform acacia × elm 

S2   platform acacia × elm 

S3   platform acacia × elm 

S4   slope acacia 

S5   slope acacia 

S6   platform acacia × elm 

S7   slope acacia × elm 

S8   platform acacia × elm 

S9   slope acacia 

S11   slope acacia 

S12   platform acacia × elm 

S13   slope acacia × elm 

S14   platform apricot × Chinese pine 

S15   slope acacia × elm 

S16   platform acacia 

S17   slope acacia × elm 

S18   platform acacia × elm 

S19   slope caragana 

S20   platform aspen × Chinese pine × elm 

S21   slope acacia × elm 

S22   platform acacia × elm 

S23   slope acacia × Chinese pine × elm 

S24   platform acacia × elm 

S25   slope acacia × elm 

S26   platform acacia × elm 

S27   slope acacia × Chinese pine × elm 
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FIGURE 2 
Distribution of quadrats in the south dump of the Antaibao open-cast mine. 

 
Study area. The study area is located in 

Pinglu District of Shuozhou City, Shanxi Province, 
China (Figure 1) and belongs to a typical 
ecologically fragile area at Loess Plateau. The area 
was used as an open dump in Antaibao open-cast 
mine of China Coal Group from 1985-1989. The 
study area is located in the northern of Ningwu 
coalfield, and the base of Ningwu coalfield is a set 
of ancient metamorphic rocks. The total thickness 
of sedimentary is 2600-3500m. The newest strata in 
the center of Ningwu coalfield is the Mesozoic 
Jurassic, and the surrounding stratum from inside 
are the Mesozoic Triassic, the 
Paleozoic Permian, the Carboniferous, the 
Ordovician, the Cambrian, the Archean Wutai 
Group. The dip angle of stratum is above 30°, some 
stratum is up to 70°-80°and even upside down. 
There are lots of reverse faults distributing in the 
study area (Tang and Liu 1996). The landform type 
is the loess hilly, and the zonal soils are chestnut 
soil and loessal soil. The soils are low soil organic 
matter content, poor soil structure, and weak 
resistance to water erosion and wind erosion (Bai et 
al. 1998).  

From the types of reclamation in the dump, 
engineering reclamation with towed scraper was 
adopted in the beginning, and ecological 
reclamation with ecological succession was adopted 
in the later (Bai et al. 1999; Wu and Xue 2003). The 
dump was 1360-1465 m high with slope of 20°-40° 
and volume of 1.16 x 108 m3 at the end of dumping 
(Ma et al. 2006) and composed of soil-rock mixture 
which made up of 46.98% rocks with size equal or 
greater than 50 mm, 15.48% gravel with size of 
50-5 mm and 37.54% gravel or sand soil with size 
less than 5 mm (Bai et al. 1997). The ground 
surface was mainly covered by loess, laterite and 

red-loess. Beginning from 1990, the dump was 
reclaimed with vegetation configuration mode of 
grass-shrub-arbor.  

 
Sampling and testing. Sampling. A total of 

27 sampling quadrats along the 4 aspects were 
designed based on the position, altitude, slope. 
Sampling was conducted in Summer from July 9th 
2014 to July 12th 2014. There were sunny and the 
average temperature was 26 °C. Due to 
inaccessibility of one sampling quadrat, a total of 
26 quadrats were sampled at a slope-plat alternate 
way. Each quadrats was 10 m × 10 m at the 
platform and has guarantee 10 m × 10 m vertical 
projection area at slope with 10 m width and 
variable length based on the slope. Each quadrat 
was labeled with nail stake at the corner and located 
with center's coordinates using GPS. Table 1 shows 
each quadrat location, site and main vegetation 
types and Figure 2 shows the distribution of each 
quadrat in the dump. Samples were collected within 
each quadrat using five-point sampling method. In 
detail, after removal of the foliage at the surface, 
mixed samples were randomly collected 5 times 
from the 0-10 cm soil layer using auger drill. All 
samples were serially numbered and stored for 
further analysis.  

 
Testing. The Chinese Academy of 

Agricultural Sciences performed the tests on the 
samples. The soil organic matter was determined 
with an oil bath K2Cr2O7 volumetric method, total 
nitrogen was determined with the semi-micro 
Kjeldahl method, available phosphorus was 
performed with an adapted Olsen method, and 
available potassium was determined with a 1.0 mol 
L-1 NH4OAc extraction and flame photometry (Bao 
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2000). 
 
 
RESULTS AND ANALYSIS 

 
Basic statistical characteristics of the 

nutrient status of reconstructed soils. The basic 
characteristics of the nutrient status of 
reconstructed soils are shown in Table 2. The soil 
organic matter was 46.75 g/kg on average and 
ranged from 4.63 to 183.83 g/kg; the soil total 
nitrogen was 1.18 g/kg on average and ranged from 
0.28 to 3.00 g/kg; the soil available phosphorus was 
4.30 mg/kg on average and ranged from 2.42 to 
7.46 mg/kg; and the soil available potassium was 
158.04 mg/kg on average and ranged from 56.00 to 
274.00 mg/kg. The spatial variability of the 
nutrients in the reconstructed soils is expressed 
using the coefficient of variation, and a value of 
less than 0.1 indicates low variability, equal to or 
greater than 0.1 and equal to or less than 1.0 
indicates moderate variability, and greater than 1.0 
indicates high variability (Zheng et al. 2004; Lian et 
al. 2006). In this study, the coefficients of variation 
indicated that the soil organic matter, soil total 
nitrogen, and soil available phosphorus and soil 
potassium were moderately variable, and the soil 
organic matter was the most variable. The 
coefficients of variation for the soil available 
phosphorus and potassium were relatively low and 

had moderate to low variability, whereas the 
coefficients of variation for the soil organic matter 
and the soil total nitrogen had moderate to high 
variability. The Kolmogorov-Smirnov (K-S) test 
indicated that the values were normally distributed 
and satisfied the statistical requirements. 

 
Differences in the nutrient status of 

reconstructed soils between slopes and platforms. 
The nutrient status of the reconstructed soils from 
the slopes and platforms is shown in Table 3, which 
indicates that the means of the soil organic matter, 
the soil total nitrogen and the soil available 
phosphorus at the slopes are slightly higher than 
those at the platforms, whereas the mean of the soil 
available potassium at the slopes is slightly lower 
than that at the platforms. Additionally, the standard 
deviations of soil organic matter and total nitrogen 
at the slopes are slightly higher than those at the 
platforms, whereas for the soil available 
phosphorus and potassium, the standard deviations 
show an opposite trend.  

The differences in the reconstructed soil 
nutrients from the slopes and platforms are 
evaluated with an analysis of variance (ANOVA), 
and the significant differences are not observed. 
Therefore, the nutrients of reconstructed soils at 
elevation level, slope level and aspect level can be 
analyzed without considering the differences at 
slope and platform. 

 
TABLE 2 

Basic statistical characteristics of the reconstructed soil nutrients. 
 

The data are calculated based on 26 quadrats. 
 

TABLE 3 
Differences in reconstructed soil nutrient status at slopes and platforms. 

 

Site type Soil organic matter (g/kg) Total nitrogen (g/kg) 
Available phosphorus 

 (mg/kg) 

Available potassium  

(mg/kg) 

Slope (l1) 56.23 ± 46.72 1.42 ± 0.75 4.52 ± 1.37 150.46 ± 52.03 

Platform (l2) 37.28 ± 27.52 0.94 ± 0.50 4.07 ± 1.45 165.62 ± 61.66 

N = number of quadrats; Nl1 = 13 and Nl2 = 13 
 

Index Average Mean  Maximum Minimum Range 
Standard 

deviation 

Coefficient 

of variation 

(%) 

K-S test 

Soil organic matter (g/kg) 46.75 36.48 183.83 4.63 179.20 38.79 82.97 0.86 

Total nitrogen (g/kg) 1.18 1.07 3.00 0.28 2.72 0.67 56.78 0.80 

Available phosphorus 

 (mg/kg)  
4.30 4.01 7.46 2.42 5.04 1.40 32.56 0.64 

Available potassium  

(mg/kg) 
158.04 155.0 274.00 56.00 218.00 56.43 35.71 0.49 
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TABLE 4 
Differences in reconstructed soil nutrient status at different altitudes. 

 

Altitude  
Soil organic matter 

(g/kg) 

Total nitrogen 

(g/kg) 

Available 

phosphorus 

 (mg/kg) 

Available 

potassium  

(mg/kg) 

Low altitude (h1) 51.65 ± 26.02 1.45 ± 0.61 4.77 ± 1.85 185.50 ± 62.35 

Medium altitude 

(h2) 
48.52 ± 57.90 1.22 ± 0.83 4.34 ± 1.65 148.38 ± 59.25 

High altitude (h3) 43.13 ± 30.80 1.02 ± 0.59 4.03 ± 1.00 150.75 ± 51.95 

 N = number of quadrats; Nh1 = 6, Nh2 = 8, and Nh3 = 12. Different letters indicate significant differences at P < 0.05. 
 
 

Differences in nutrient status at different 
altitudes. To analyze the differences in nutrient 
status with altitude in the dump, the soil nutrient 
status was assumed to be same between the slope 
level and aspect level. The quadrats were divided 
into three groups based on altitude, the quadrats 
with altitude equal or greater than 1320 m, but less 
than or equal to 1360 m were assigned in low 
altitude group, with altitude greater than 1360 m, 
but less than or equal to 1400 m were assigned in 
medium altitude group, and with altitude greater 
than 1400 m, but less than or equal to 1440 m were 
in high altitude group. The differences in nutrient 
status of reconstructed soils according to altitude 
are shown in Table 4, which shows that with 
altitude increasing, the means of the soil organic 
matter, the soil total nitrogen, and the soil available 
phosphorus and potassium tended to decreasing.  

The ANOVA for the nutrients of reconstructed 
soils at different altitudes show that the soil organic 
matter, the soil total nitrogen, and the soil available 
phosphorus and potassium are not significant 
difference at different altitudes. 

 
Differences in nutrient status at different 

slopes. To study the differences in the nutrient 
status of the reconstructed soils at different slopes, 
we assumed that the nutrient status of reconstructed 
soils had no significant difference with different 
altitudes and aspects and assigned the slopes into 4 

categories: 1) slow slope of less than or equal to 6°, 
2) medium slope of greater than 20° but less than or 
equal to 25°, 3) medium steep slope of greater than 
30° but less than or equal to 35° and high steep 
slope of more than 35° but less than or equal to 40°. 
The nutrients of the reconstructed soils for the 4 
slopes are shown in Table 5.  

The means of the soil organic matter, the soil 
total nitrogen, and the soil available phosphorus 
and potassium show an increasing, decreasing and 
increasing trend with increasing of slope. 
Additionally, the means of the soil organic matter, 
the soil total nitrogen, and the soil available 
phosphorus are higher at the low slope than these at 
the high steep slope, although the mean of the soil 
available potassium shows the opposite trend.  

An ANOVA of the nutrients from the different 
slopes show that there is no significant difference in 
the soil organic matter and the soil available 
phosphorus at the different slopes. The total 
nitrogen is not significantly difference between low 
and medium steep slopes and between medium and 
high steep slopes. However, significant differences 
are found between the low slope, medium steep 
slope and medium steep slope, high steep slope. 
The soil available potassium at the low slope is not 
significant difference with the medium slope, the 
medium steep slope and the high steep slope, but it 
is significant difference among the medium, 
medium steep and high steep slopes. 

 
TABLE 5 

Differences in reconstructed soil nutrient status at different slopes. 
 

Slope  

Soil organic 

matter 

 (g/kg) 

Total nitrogen  

(g/kg) 

Available 

phosphorus 

 (mg/kg) 

 Available 

potassium 

(mg/kg) 

Low slope (s1) 37.28 ± 27.52 0.94 ± 0.50a 4.07 ± 1.45 165.62 ± 61.66ab 

Medium slope (s2) 58.91 ± 36.01 1.71 ± 0.78b 5.39 ± 0.12 210.00 ± 55.46b 

Medium steep slope (s3) 31.85 ± 14.69 0.96 ± 0.38a 3.66 ± 1.05 127.00 ± 23.08a 

High steep slope (s4) 79.00 ± 65.48 1.70 ± 0.89b 4.86 ± 1.71 138.20 ± 50.15a 

N = number of quadrats; Ns1 = 13, Ns2 = 3, Ns3 = 5, and Ns4 = 5. Different letters indicate significant difference at P < 0.05. 
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TABLE 6 
Differences in reconstructed soil nutrient status at different aspects. 

 

Slope direction 
Soil organic matter 

(g/kg) 

Total nitrogen  

(g/kg) 

Available 

phosphorus 

(mg/kg) 

 Available 

potassium 

(mg/kg) 

Shady slope (a1) 43.67 ± 25.33 1.04 ± 0.47 2.92 ± 0.30a 165.00 ± 51.87ab 

Half shady slope (a2) 49.18 ± 28.80 1.50 ± 0.62 5.27 ± 0.26b 194.80 ± 50.22b 

Sunny slope (a3) 41.04 ± 25.70 1.07 ± 0.54 4.53 ± 1.54b 156.50 ± 54.16ab 

Half sunny slope (a4) 55.96 ± 70.65 1.23 ± 1.05 4.77 ± 1.56b 121.33 ± 59.41a 

N = number of quadrats; Na1 = 7, Na2 = 5, Na3 = 8, and Na4 = 6. Different letters indicate significant difference at P < 0.05. 
 
Differences in nutrient status at different 

aspects. To explore the differences in nutrient 
status of the reconstructed soils at different aspects 
in the dump, we assumed that the nutrients were not 
significant difference at different altitudes and 
slopes. The quadrats were divided into 4 different 
groups with different aspect. Group 1 contains 7 
quadrats: S1, S3, S4, S5, S6, S7 and S8 which are at a 
shady slope. Group 2 contains 5 quadrats, S23, S24, 
S25, S26 and S27 which are at half shady slope. 
Group 3 contains 8 quadrats, S2, S9, S11, S12, S13, S14, 
S15 and S16, which are at sunny slope. Group 4 
contains 6 quadrats, S17, S18, S19, S20, S21 and S22, 
which are at half sunny slope. The differences in 
nutrients of the reconstructed soils according to the 
aspects are shown in Table 6. 

The means of the soil organic matter, the soil 
total nitrogen, and the soil available phosphorus 
and the soil potassium at the shady slope are lower 
than those at the half shady slope, and those at the 
sunny slope are lower than those at the half sunny 
slope except for the soil available potassium, which 
shows an opposite trend.  

An ANOVA of the nutrients at different 
aspects indicate that the soil organic matter and the 
soil total nitrogen are not significant difference at 
the shady slope, half shady slope, sunny slope and 
half sunny slope. Significant differences are 
observed for the soil available phosphorus at the 
shady slope, half shady slope sunny slope and half 
sunny slope, but no significant difference is 
observed among the half shady slope, sunny slope 
and half sunny slope. The soil available potassium 
is not significant difference at the half shady slope, 
the shady slope and the sunny slope. The soil 
available potassium is significant difference 
between the half shady slope and the half sunny 
slope, whereas it is not significant difference among 
the half sunny slope, shady slope and sunny slope. 

 
 

DISCUSSIONS AND CONCLUSIONS 

 
Discussions. In the study area, the means of 

the soil nutrients at low altitudes was higher than 

that at high altitudes, and exhibiting soil nutrient 
decreasing with altitude increasing. This result was 
consistent with the results of Qiu et al. (2004) and 
Liu et al. (2005) for a small watershed at the Loess 
Plateau because soil erosion from rainfall at high 
altitudes caused the deposition of soil nutrients at 
low altitudes and the eroded water was enriched 
with soil nutrients. The differences in means of the 
soil nutrients at different altitudes in the study area 
were not significant, which was inconsistent with 
the results of Qiu et al. (2004) for the undamaged 
landscape. This result is relevant because of 
alternations of slope-platform site types in the 
dump, which produces an artificial topography 
(Molotilov and Norri 2007). Slopes and platforms 
are found at different elevations, and soil nutrients 
are washed onto the platforms at each altitude level 
and retained. The soil organic matter, the soil total 
nitrogen and the soil available potassium tended to 
decreasing with increasing altitude up to 1,400 m, 
which was opposite to the observations at altitudes 
of more than 1,400 m. Thus, the division at 1,400 m 
might provide a dividing line between high and 
medium altitudes and a boundary of microclimate 
in the study area. Guo et al. (2012) found that an 
altitude of 1,000 m was the dividing line between 
regional climates in mountainous areas of North 
China. As the altitude increased and temperature 
decreased, the air humidity and surface soil 
moisture increased, which resulted in slower 
decomposition and a greater accumulation of soil 
organic matter (Tripathi et al. 2012; Liu et al. 
2014). 

The soil organic matter, the soil total nitrogen, 
and the soil available phosphorus and potassium 
showed a Z-shaped changes with slope elevation, 
and the transitions of nutrient values occurred 
between the medium and medium steep slopes. The 
soil nutrients between the low and medium slopes 
showed an increasing trend with the slope 
increasing, which was similar to the trend of 
nutrients between the medium steep and high steep 
slopes. Lian et al. (2008) found that the soil 
nutrients of small watersheds on the Loess Plateau 
had a tendency to increasing with the slope 
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increasing in the range of 3-8° and 8-15°, although 
the differences were not significant, which was 
consistent with the results of this study. However, a 
decreasing trend in soil nutrients was observed 
between the medium and medium steep slopes. 
Additionally, the means of the soil total nitrogen 
and the soil available phosphorus at the medium 
slopes were significant differences compared with 
that of the medium steep slopes. Wang et al. (2013) 
and Gou et al. (2015) showed that the soil organic 
matter, the total nitrogen, and the available 
phosphorus and potassium in the surface soils of 
the reclaimed waste dump had a significant 
negative correlation with slope. Higher slopes are 
commonly considered to have poor soil and water 
conservation, which would affect plant growth and 
reduce biomass and result in decreased surface soil 
nutrients (Jongman et al. 1995; Bai et al. 1998; 
Ghosh et al. 2014). The mean of the soil organic 
matter at the high steep slope was 52.79 g/kg 
except for S21, which had a value of 183.83 g/kg. 
Thus, the means of the soil organic matter, the soil 
of total nitrogen and the soil available phosphorus 
at low slope were similar to those at medium steep 
slope, and the difference was not significant. 
Additionally, the means of the soil organic matter, 
the soil total nitrogen and the soil available 
phosphorus at medium slope soil were similar to 
those of the high steep slope, and the difference was 
also not significant. The soils in high-steep slope 
were closer to these in medium slope, the difference 
was not significant. The means of the soil available 
potassium existed large difference between the low 
slope and the medium steep slope, but the 
difference was not significant. The means of the 
soil available potassium existed large difference 
between the medium slope and the high steep slope, 
but the difference was significant. The quadrats 
with low slope were primarily distributed at the 
platform and at high altitude, and this study showed 
that the surface soil nutrients of platform were low, 
including the soil organic matter. The quadrats with 
high steep slope were primarily at low and medium 
altitudes, which further confirmed that at high 
altitude, the soil organic matter of the surface soil 
was low. At the same altitude, the soil organic 
matter had a tendency to decreasing with slope 
increasing. For example, the mean of the soil 
organic matter in quadrat S23 at medium slope was 
99.63 g/kg, the mean of the soil organic matter in 
quadrat S7 at medium steep slope was 37.80 g/kg, 
and the mean of the soil organic matter in quadrat 
S25 at high steep slope was 36.91 g/kg. 

The means of the soil organic matter, the soil 
total nitrogen, and the soil available phosphorus 
and potassium at shady slope were lower than that 
of half shady slope. Gong et al. (2007) and Peng et 
al. (2010) observed that vegetation growth was 
affected by aspect because of changes in rain and 
wind and aspect indirectly influenced the 

distribution of soil nutrients. Gao et al. (2013) 
suggested that the half shady slope accepted intense 
and chronic solar radiation, and full photosynthesis 
promoted the growth of plants and nutrient 
accumulation in the litters, which increased the 
amount of the soil organic matter for microbial 
decomposition and subsequent release of nitrogen 
by soil mineralization, which increased the soil 
total nitrogen (Wang et al. 2003; Qiu et al. 2004). 
The mean of the soil available potassium at half 
shady slope was higher than that on shady slope, 
and the difference was significant. This result was 
primarily caused by increased vegetation growth 
and large amounts of organic phosphorus 
compounds in the litters, which produced 
phosphates by hydrolysis (Peng et al. 2010). 
Additionally, the litters decomposed by rhizosphere 
microorganisms produce an increased amount of 
phenolic acids, which effectively promoted the 
decomposition of potassium minerals (Zheng and 
Chang, 2006). Therefore, high means of the soil 
available potassium was observed at the half shady 
slope. The means of the soil organic matter, the soil 
total nitrogen and the soil available phosphorus at 
sunny slope were lower than that of half sunny 
slope, but the differences were not significant. This 
result was primarily because the sunny slope was 
dry and had more vegetation growth than the half 
sunny slope, which promoted the rapid 
decomposition of the soil organic matter. The 
increasing demand for nutrients for the growth of 
vegetation slightly reduced the nutrients of the 
surface soils (Zhao et al. 2000). The mean of the 
soil available potassium at sunny slope was higher 
than that of half sunny slope, which was primarily 
because the mean of the soil gravel content at sunny 
slope was 44.83%, a significantly higher than the 
23.56% at half sunny slope (Cao et al. 2015). With 
the higher soil gravel content, more decomposable 
potassium-bearing minerals were available (Frouz 
et al. 2011), and the mean of the soil available 
potassium at sunny slope was higher. 
 
 
CONCLUSIONS 

 
(1) After 20 years reclamation, the nutrient 

status of reconstructed soils was significantly 
improved, but medium variability was observed in 
each nutrient indicator, and the soil organic matter 
showed the highest variability. The means of soil 
nutrients except the soil available potassium at 
slopes were slightly higher than those at platforms, 
although the differences were not significant. 

(2) The means of soil nutrients showed a 
decreasing tendency with altitude increasing, but 
the differences were not significant. The mean soil 
nutrients showed an increasing, decreasing, and 
increasing trend with increasing of slope, and the 
means of soil organic matter, the soil total nitrogen 
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and the soil available phosphorus at low slope were 
lower than those at high steep slope, although the 
soil available potassium showed the opposite 
pattern. The mean of soil total nitrogen was 
significant difference between low slope and 
medium slope, which was similar to the result 
between medium steep slope and high steep slope. 
The mean of the soil available potassium at 
medium slope was significant difference from that 
of medium steep slope and high steep slope. 

(3) The means of soil nutrients at shady slope 
were lower than those of half shady slope. The 
means of the soil organic matter, the soil total 
nitrogen and the soil available phosphorus at sunny 
slope were lower than those of half sunny slope, 
although the soil available potassium showed the 
opposite trend. The mean of the soil available 
phosphorus was significant difference among shady 
slope and half shady slope, sunny slope and half 
sunny slope. The mean of the soil available 
potassium was significant difference between half 
shady slope and half sunny slope. 
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ABSTRACT 

 
Iron nanoparticles were first green synthesized 

using polyphenols extracted from Garcinia 
mangostana L. pericarp (GM-Fe NPs) and used as a 
catalyst to decolorize Reactive Brilliant Blue KN-R 
(RBB, anthraquinone dye) in the Fenton-like 
oxidation system. Polyphenols were used as 
reducing and capping agents in the synthesis of 
GM-Fe NPs, which was demonstrated by scanning 
electron microscope (SEM), X-ray 
energy-dispersive spectrometer (EDS), X-ray 
diffraction (XRD), Fourier transform infrared 
spectroscopy (FTIR) of GM-Fe NPs and the 
variations of total polyphenols during synthesis. 
The XRD patterns suggested that the synthesized 
GM-Fe NPs were mainly amorphous in nature. The 
effects of extract to FeCl3 ratio, dosage of GM-Fe 
NPs and initial dye concentration on the RBB 
decolorization were also investigated. The optimal 
ratio of extract to FeCl3 for the synthesis was 5 : 1. 
The decolorization efficiency of RBB increased 
with the increasing GM-Fe NPs dosage. With the 
initial RBB concentration ranging from 250 to 750 
mg/L, the decolorization efficiency can reach more 
than 97.83 % after 180 min. The combined 
first-order kinetic model can well explain the RBB 
degradation. UV-vis spectra showed that color 
groups in the visible region had been degraded and 
no new peaks appeared. The green synthesized 
GM-Fe NPs could be employed as a low-cost, 
efficient and alternative catalyst in Fenton-like 
oxidation system for RBB removal.  
 
 
KEYWORDS: 
Garcinia mangostana L. pericarp, green synthesis, iron 

nanoparticles, Reactive Brilliant Blue KN-R, fenton-like 

system 
 

INTRODUCTION 

 
Green synthesis of iron nanoparticles (Fe NPs) 

from plant extracts has got much attention because 
of its low cost, environmental friendly procedure 
and simple reaction conditions. Due to its large 
specific surface area and high surface reactivity, Fe 
NPs could be used as catalyst in Fenton-like system 
to degrade various environmental contaminants [1, 
2], such as biocide 4-chloro-3-methyl phenol [3], 
monochlorobenzene [2] and azo dye Orange II [4] 
from aqueous solution. Meanwhile, Moon et al. 
suggested that the process of Fenton-like system 
with Fe NPs as catalyst was far better than the 
process using ordinary iron particles as catalyst [5]. 
Therefore, the green synthesis of Fe NPs became 
the focus of research. 

Generally, Fe NPs can be synthesized through 
diverse chemical and physical methods, such as 
vacuum sputtering [6], thermal cracking [7] and 
reactions of ferrous ions or ferric ions with sodium 
borohydride [8]. As known to all, without the 
present of dispersant agents, nanoparticles 
agglomerate rapidly to form larger aggregates in 
water because they are sensitive to ionic strength 
and composition [9]. In the present of dispersant 
agents, the nanoparticles could be coated with the 
charged dispersant molecules, which provide the 
strong and long-range electrostatic repulsions to 
keep steric stabilization [9, 10] and decrease the 
aggregation of nanoparticles. For this reason, 
dispersant or surfactant agents are needed in the 
chemical synthesis of Fe NPs to prevent 
agglomeration [1]. Therefore, the chemical 
synthesis of Fe NPs always required strict 
conditions, high cost or potentially toxic reagents, 
which limited their applications. Compared to 
chemical synthesis, green synthesis is of obvious 
advantage and own more extensive application 
prospects. 
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In the process of green synthesis of Fe NPs, 
the polyphenols from plant extract were occupied 
as capping and reducing agents. Polyphenols are 
biodegradable, nontoxic and water soluble at room 
temperature, and they can reduce iron ions to 
synthesize Fe NPs. Besides, polyphenols can 
provide electrostatic repulsion to minimize 
agglomeration of Fe NPs [2]. Recently, the 
polyphenols extracted from green tea [2, 4, 11-13], 
eucalyptus leaf [14] and Terminalia chebula [1] 
have been used to green synthesize Fe NPs. 
Especially, green tea was most widely applied due 
to its abundant polyphenols content. However, 
whether other plant extract rich in polyphenols is 
available for green synthesis of Fe NPs is still 
limited. Hence, it should pay more attention to 
explore the polyphenol-rich natural materials in 
further studies. 

As a typical anthraquinone dye, Reactive 
Brilliant Blue KN-R (RBB) is widely used for 
dyeing cellulosics and cotton fabric [15]. Also, 
RBB is a representative of the highest volume 
commercial reactive dye, which contains the 
2-sulfatoethyl sulfone moiety. For the majority of 
vinyl sulfone reactive dyes, the fixation degree 
ranges between 75 and 80% on cotton, indicating 
that 20 25% of the dyes enter the waste effluent 
[15]. Because anthraquinone dyes were light, 
thermal stable and non-biodegradable, and their 
degradation products were toxic and cancerigenic 
[16], the treatment of anthraquinone dye 
wastewater was needed urgently. However, few 
researches have reported the degradation of 
anthraquinone dye using green synthesized Fe NPs 
in Fenton-like system.  

In this study, the pericarp of Garcinia 
mangostana L. (GM) was firstly used to synthesize 
Fe NPs, named as GM-Fe Nano Particles (GM-Fe 
NPs). As agricultural and forestry waste, the GM 
pericarp have been confirmed to contain abundant 
polyphenols [17]. The extract from GM pericarp 
can be used to green synthesis of GM-Fe NPs and 
can protect GM-Fe NPs from oxidation and 
agglomeration. The GM-Fe NPs were characterized 
by scanning electron microscope (SEM), X-ray 
energy-dispersive spectrometer (EDS), X-ray 
diffraction (XRD) and Fourier transform infrared 
spectroscopy (FTIR). Then, it was used as a catalyst 
in Fenton-like system to treat RBB. Stability of 
total polyphenols in GM extracts, effects of ratio of 
extract to FeCl3 on synthesis of GM-Fe NPs, effects 
of GM-Fe NPs dosage and initial dye concentration 
on RBB removal were studied. First-order, 

second-order and combined first-order 
kinetics models were applied to describe the 
decolorization process. In addition, UV-vis spectra 
and FTIR spectra were used to realize dyes 
degradation and functional groups during RBB 
decolorization process. 
 
 

MATERIALS AND METHODS 

 
Dyes and chemicals.  GM was obtained 

from a local market in Beijing, China. RBB (C.I. 
Reactive Blue 19, molecular formula = 
C22H16N2Na2O11S2 max = 601 nm) was purchased 
from Tianjin Shengda Chemical Factory (China). 
Its molecular structure was displayed in Fig. 1. 

Following chemicals were also used in the 
experiments without further purification: 
FeCl3

.6H2O, Na2CO3, and 30 % H2O2 solution, 
which were purchased from Sinopharm Chemical 
Reagent Beijing Co. Ltd. (China). Folin-
phenol reagent and gallic acid were purchased from 
Shanghai Labaide Biotechnology Co. Ltd. (China). 
All the reagents used were analytical grade. 

 
 

 
 

FIGURE 1 
Chemical structure of RBB dye 

 
Synthesis of GM-Fe NPs.  The pericarps of 

GM were washed with deionized water and 
tumble-dry at 105 oC for 1 h. The dry GM pericarps 
were ground in a homogenizer, and sieved to the 
desired mesh size (0.3 0.6 mm). The extract of GM 
pericarps was prepared by boiling GM pericarps 
(60.0 g/L) at 90 oC for 30 min. After cooling down 
to room temperature, the extract was vacuum 
filtered with a filter paper (pore size 15
diameter 7 cm). As shown in Table 1, different 
volume of extract was added to similar FeCl3 

solution (0.10 M) to synthesis GM-Fe NPs at room 
temperature. To ensure the ferric irons was reduced 
by polyphenols, the total polyphenols content was 
measured according to the method described by the 
International Organization for Standardization (ISO) 
14502-1 [18].
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TABLE 1 
Systhesis of GM-Fe NPs at different volume ratio of extract to FeCl3 

 

Number of samples Volume ratio of extract to FeCl3 

S1 

S2 

S3 

S4 

S5 

5 : 1 

2 : 1 

1 : 1 

0.5 :1 

0.2 :1 

 
 

Characterization of GM-Fe NPs.  SEM 
and EDS.  SEM (Hitachi S-4300, Japan) was used 
to observe the morphology of GM-Fe NPs. The 
GM-Fe NPs were washed with acetone twice, and 
dried in vacuum freeze-drying machine (Labconco 
Freezone 1 L, USA). Subsequently, the dried 
particles were fixed on the conductive adhesive 
film and coated with gold. Then, the morphology of 
GM-Fe NPs was qualitatively analyzed. The 
chemical composition of GM-Fe NPs was also 
analyzed by EDS. 

 
XRD.  XRD, D8 Advance diffractometer 

(Bruker, Germany), was applied to measure the 
crystallinity of GM-Fe NPs in the scanning range 
between 10° and 80° 
radiation. 

 
FTIR.  The original GM-Fe NPs powder and 

the GM-Fe NPs powder after decolorization were 
characterized using a Bruker Vertex 70 FTIR 
spectrometer (Bruker, Germany). The sample and 
KBr were mixed with a ratio of 1:100 and flattened 
under high pressure, and then were immediately 
measured in the range of 400  4000 cm 1 with a 
resolution of 4 cm 1. 

 
Dye degradation experiments.  Batch 

experiments were carried out in 150 ml beakers by 
adding 45 ml RBB solution, 5 ml H2O2 solution 
(10 %) and GM-Fe NPs solution. The beakers were 
shaken at 150 rpm at 25 oC in a water bath shaker 
(GFL 1086, Germany). In all the experiments, two 
replicates were applied, and the average values 
were taken for use. 

Under the insurance of same quantity of 
GM-Fe NPs, the effect of different ratio of extract 
to FeCl3  on decolorization was investigated. The 
GM-Fe NPs solution originated from S1 to S5 
(Table 1) were mixed with 45 ml 250 mg/L RBB 
solutions and 5 ml 10 % H2O2 solutions. Based on 

decolorization efficiency, diameter and dispersion 
of GM-Fe NPs, the solution S1 was applied to 
produce GM-Fe NPs using for the next 
experiments. 

To investigate the influence of GM-Fe NPs 
dosage on decolorization, different dosages of 
GM-Fe NPs solution (1 ml, 2 ml, 4 ml and 5 ml) 
were add to 45 ml of 250 mg/L RBB solutions and 
5 ml of 10 % H2O2 solutions. To assess the effect of 
initial RBB concentration, the initial concentrations 
of 45 ml RBB solution varied from 250, 375, 500 to 
750 mg/L, GM-Fe NPs solution was fixed at 5 ml 
and 10 % H2O2 solutions was set as 5 ml. 

In order to investigate the dye degradation and 
intermediate transformation, the UV vis spectra 
analysis was carried out. In the presence of GM-Fe 
NPs (1 ml) and 10 % H2O2 solutions (2 ml), the 
variances of UV-vis spectra of 50 mg/L RBB dye 
(45ml) were measured from 380 to 800 nm with a 
fixed slit width of 3 nm by UV-vis 
spectrophotometer (UV-2802PC, Unico, Shanghai, 
China). 
 
 
RESULTS AND DISCUSSION 

 
Characterization of GM-Fe NPs.  SEM.  

Eq. (1) depicted the basic principle of FeCl3 
reduced to GM-Fe NPs by polyphenols. After 
adding the extract, the color of the solution 
immediately turned to black, indicating the 
reduction of ferric irons. The morphologies of 
GM-Fe NPs of sample S1 S5 were characterized 
by SEM and shown in Fig. 2a e. Fig. 2a c clearly 
showed that the GM-Fe NPs were spherical and 
scattered evenly. Mean diameter of the sample 
S1 S4 was 85±21 nm (number=100d), 103±24 nm 
(number=100), 108±28 nm (number=100) and 
123±29 nm (number=80), respectively. For sample 
S4, the strong adhesion between nano particles was 



© by PSP  Volume 25  No. 7/2016, pages 2343-2355             Fresenius Environmental Bulletin  

observed, which resulted in only 80 particles could 
be selected to measure; for sample S5, the adhesion 
was too serous to measure. Previous studies 
confirmed that GM pericarp contained large 
amounts of polyphenols [17]. With the decrease of 
GM polyphenols added, the size of GM-Fe NPs 
increased, which was in agreement with Nadagouda 
et al.  [13]. It was found that the average size 
of GM-Fe NPs (S1 S3) was smaller than ZVI 
synthesized using PVP as preagglomeration 

stabilizers [19]. Meanwhile, the dispersion of 
GM-Fe NPs was different, and particles shown in 
the Fig. 2a had the best dispersion; with the 
decrease of polyphenols content, the dispersion of 
GM-Fe NPs decreased (Fig. 2b e). Here, 
polyphenols played the roles of capping and 
reducing agents in the synthesis of GM-Fe NPs [11], 
which can effectively prevent particle aggregation 
and control the size and dispersion of GM-Fe NPs. 
Polyphenols + Fe3+ 0 + Quinone (1) 

 

 
 

FIGURE 2 
SEM images of GM-Fe NPs at different volume ratio of extract to FeCl3 (a) 5:1; (b) 2:1; (c) 1:1; (d) 0.5:1; 

(e) 0.2:1; (f) EDS spectrum 
 
 

EDS.  The EDS spectrum of GM-Fe NPs 
(sample S1) exhibited intense peaks of C, O, Fe, Cl, 
Au and K (Fig. 2f). The K element was a key 
nutrient for plant growth. The existence of Au was 
detected because of sputter coating with Au in the 
sample pretreatment of SEM. The content of C, O, 
Fe and Cl in the GM-Fe NPs was 27.49 wt%, 25.22 
wt%, 21.22 wt% and 16.77wt%, respectively. Fe 
and Cl were derived from FeCl3 used in the 
synthesis of GM-Fe NPs. The C and O were the 
basic elements of polyphenols and other 
carbon-containing organic matters in the extract of 

GM pericarps. It was suggested that the 
polyphenols could wrap on the surface of GM-Fe 
NPs and play a protective role in the generation of 
GM-Fe NPs. In Shahwan et al.  report [4], the 
content of Fe was 27.8 wt% in the synthesis of Fe 
NPs by green tea extracts, which was higher than 
that in this experiment. The reason might be that tea 
extracts had nearly the highest polyphenols content 
in the leaves of plant [20]. However, the content of 
Fe synthesized by the extract of eucalyptus leaf was 
16.17 wt% [14], which was lower than this study. 
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FIGURE 3 

XRD patterns of GM-Fe NPs 

 
FIGURE 4 

Variations of total polyphenols (a) in GM extracts with time ; (b) at different ratio of extract to FeCl3; (c): 
color change of the solutions 
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XRD.  The XRD image of GM-Fe NPs was 
shown in Fig. 3. Obvious diffraction peaks were 

o which 
belonged to iron oxohydroxide (FeOOH) [2]. The 
shoulder peak at o corresponded to organic 
materials absorbed from Garcinia mangostana L. 
pericarp as a capping or stabilizing agent [1, 14]. A 

 = 44.7o could 
be identified as Fe0 -Fe) [2]. The patterns 
suggested that the synthesized GM-Fe NPs were 
mainly amorphous in nature. A similar pattern was 
observed for iron NPs synthesized using Terminalia 
chebula aqueous extract [1] or Eucalyptus leaf 
extract [14] 

 
Variations of total polyphenols.  The 

stability of total polyphenols in GM extracts was 
shown in Fig. 4a. The stability tests were performed 
in triplicate, and the average values were used. In 
24 hours, the concentration of total polyphenols in 
the extracts only decreased from 15.55 /L to 
15.20 /L, indicating a stable state. From 24 h to 
72 h, the concentration decreased to 14.75 /L, 
and then to 13.93 /L at 120 h. To maintain total 
polyphenols in a stable condition, the GM extracts 
within 24 hours were used to synthesize the GM-Fe 
NPs. 

Fig. 4b and c proved that the total polyphenols 
in GM extracts reacted with ferric irons in the 
mixed solution. The total polyphenols consumption 
rate of sample S1 S5 was 61.13 %, 50.27 %, 
43.98 %, 37.64 % and 36.98 %, respectively (Fig. 
4b), and the color turned from dark to nigger-brown 
(Fig. 4c). The total polyphenols consumption rate 
decreased with the decreasing content of total 
polyphenols in the reaction system. Polyphenols 

served as reducing and capping agents for the 
synthesis of GM-Fe NPs. Under a higher 
concentration of total polyphenols, less aggregation 
of GM-Fe NPs was found, which resulted in their 
higher specific surface area and smaller particle 
size (Fig. 2a c) [13]. Moreover, the higher 
consumption rate of total polyphenols under higher 
concentration of total polyphenols was also 
observed. The GM-Fe NPs aggregated easily under 
low initial concentration of total polyphenols 
resulting in less specific surface area, larger size of 
GM-Fe NPs (Fig. 2d and e), lower consumption 
rate of total polyphenols and lower reduction rate of 
ferric irons (Fig. 4b). The darkest S1 was the 
optimal choice, for the higher polyphenols content 
was in favor of improving the synthesis of GM-Fe 
NPs (Fig. 4c). 

 
Effects of extract to FeCl3 ratio on 

decolorization.  The ratio of extract to FeCl3 

(from S1 to S5) was an important factor affecting 
the properties of GM-Fe NPs, and further 
influencing the decolorization characteristic of 
GM-Fe NPs. So, the optimal ratio should be 
investigated through the decolorization of RBB in a 
Fenton-like system. Fig. 5 showed the degradation 
process of RBB by different ratio of extract to 
FeCl3 (S1 to S5). Decolorization efficiency of RBB 
increased with the increasing of polyphenols 
content. The degradation rate of sample S1 was far 
greater than the others. And the decolorization 
efficiency of the sample S1 to S5 can reach 90.58 %, 
86.96 %, 86.67 %, 87.65 %, 88.35 % and 83.60 % 
at 3 h, respectively. The results suggested that 
sample S1 was a better choice than others.  

 

 
FIGURE 5 

The degradation process of RBB by different ratio of extract to FeCl3 in Fenton-like system 
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Effects of GM-Fe NPs dosage on 
decolorization.  Fig. 6 showed the effect of 
GM-Fe NPs dosage on the decolorization of RBB. 
The initial RBB concentration was set as 250 mg/L. 
Decolorization efficiency of 88.98 %, 90.58 %, 
96.85 % and 98.2 % was achieved at 180 min at 
different GM-Fe NPs dosages of 1 ml, 2 ml, 4 ml 
and 5 ml, respectively. It was found that the 
decolorization efficiency of RBB increased with the 
increasing GM-Fe NPs dosage. In the hybrid 
system, the increased dosage of GM-Fe NPs could 
increase total surface area and availability of 
GM-Fe NPs to RBB dye. It might be the main 
reason for the decolorization efficiency of RBB 
increased with increasing GM-Fe NPs dosage. 
Therefore, 5 ml of GM-Fe NPs dosage, the 
relatively good choice, was selected for the 
subsequent experiment. 
 

Effects of initial dye concentrations.  
Decolorization efficiency was achieved at 93.65 %, 
93.41 %, 94.94 % and 90.57 % at 60 min with the 
RBB concentration of 250 mg/L, 375 mg/L, 500 
mg/L and 750 mg/L, respectively (Fig. 7a). The 
decolorization efficiency varied slightly with 
different initial RBB concentration and similar 
degradation profiles were observed. After 180 min, 
the decolorization efficiency was all more than 
97.83 %, indicating that GM-Fe NPs had good 
capacity on RBB removal in Fenton-like system. 

Under 750 mg/L RBB concentration, 
Fenton-like system of GM-Fe NPs plus H2O2 and 
Fenton system of ferric irons plus H2O2 achieved 
decolorization efficiency of 90.57 % and 79.41 % at 
60 min, respectively (Fig. 7a). After 180 min, the 
decolorizeation efficiency of Fenton system was 
achieved at more than 90 %, which was lower than 
that of Fenton-like system (97.83%). In the 
presence of H2O2, the GM-Fe NPs, which were 
prepared from ferric irons and GM extracts, had a 

better effect on RBB decolorization than that 
of ferric irons. 

 
Kinetic analysis.  The equation of nth-order 

reaction kinetic model was shown as Eq. (2) [21]. 
dC/dt = -kCn (2) 

where C was the concentration of RBB dye, n 
was the order of the reaction, t was the reaction 
time, k was the reaction rate constant (min 1). 

According to Eq. (2), the RBB decolorization 
in a Fenton-like system by GM-Fe NPs under 
different initial dye concentration can be 
represented through the first-order, second-order 
and combined first-order reaction (Eqs. (3), (4) and 
(5)). 
C = C0exp(-kt) (3) 
C = C0/(1+kC0t) (4) 
C = C1exp(-k1t) + C2exp(-k2t) (5) 

Where C0 was the concentration of RBB dye at 
time t = 0, C1, C2 represented the initial RBB 
concentrations of two independent first-order 
reactions and k1 and k2 denoted the empirical rate 
constant (min 1), respectively. The parameters of 
the three kinetic models are presented in Table 2. 
The regression coefficients of the first-order and 
second-order kinetic models were less than 0.9554  

FIGURE 6 
The effect of GM-Fe NPs dosage on the 

decolorization of RBB 
 



© by PSP  Volume 25  No. 7/2016, pages 2343-2355             Fresenius Environmental Bulletin  

 

FIGURE 7 
Effect of initial dye concentration on RBB removal 
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TABLE 2 
Kinetic parameters for Fenton-like oxidation of RBB 

 

C0 

(mg/L) 

First-order Second-order Combined first-order 

k(min-1) R2 k(L/(mg·min)-1) R2 k1(min-1) k2(min-1) R2 

250 0.0794 0.9554 0.1994 0.9863 1.1211 0.0484 0.9938 

375 0.0940 0.9094 0.2747 0.9689 1.1431 0.0375 0.9915 

500 0.0920 0.8915 0.3198 0.9566 1.5362 0.0404 0.9969 

750 0.0597 0.8472 0.2141 0.9140 1.6474 0.0258 0.9975 

 
 
and 0.9863, respectively. Compared with first-order 
and second-order kinetic model, the combined 
first-order rate model fitted best with the 
decolorization data by the high regression 
coefficients of more than 0.9915. Also, using initial 
RBB concentration of 750 mg/L as the example, 
Fig. 7b showed a visual comparison of the three 
kinetic models. 

Many researchers had found that the 
Fenton-like system for dye degradation was 
described by pseudo-first-order or 
pseudo-second-order kinetic model [22, 23], which 
were different from the findings of this study. 
However, Wang et al. [21] and Malik et al. [24] had 
reported similar results with this study. The 
degradation process of Fenton-like system can be 
divided into two stages. The first stage can be 
represented by the following equations [24, 25]: 
Fe0 + H2O  Fe2+ + H2 + OH- (6) 
Fe0 + O2 + 2H2O  Fe2+ + 4OH- (7) 
H2O2 + Fe2+  ·OH + OH  + 
Fe3+ 

 
(8) 

Hydroxyl radicals may react with ferrous ions 
generating ferric irons or react with organics as 
follows [26]: 
OH + Fe2+  OH  + Fe3+ (9) 
OH + Organics  Products (10) 

Ferric irons produced in the first phase can be 
used in the second stage as follows [26]: 

H2O2 + Fe3+  H+ + FeOOH2+ (11) 

FeOOH2+  HO2· + Fe2+ (12) 

HO2· + Fe2+  HO2
- + Fe3+ (13) 

HO2· + Fe2+  O2 + Fe3+ + H+ (14) 

The reaction rate of Eq. (8) is much faster than 
that in Eq. (11) and (12) [24],[27]. It means that 
ferrous ions are consumed quickly, but reproduced 
slowly. When large amount of ferrous ions are 
present, large amount of hydroxyl radicals are 
produced, consequently, the oxidation rate of 
organic compounds is fast [24]. Hydroxyl radicals 

react rapidly and non-selectively with most organic 
compounds by H-abstraction and addition to C-C 
unsaturated bonds. Compared to hydroxyl radicals, 
hydroperoxyl radical (HO2·) is much less reactive 
[27]. Therefore, in the presence of a large number 
of ferrous ions, the first stage reaction carried out 
quickly, and the second stage reaction was very 
slow. Accordingly, k1 was greater than k2 in the 
combined first-order rate model. Here, the 
degradation of RBB with initial concentration of 
750 mg/L was chosen as an example (Fig. 7c). As 
shown in Fig. 7c, time t was substituted into the two 
stage of the combination equation, respectively. C1 
of the first stage (red line) dropped to zero in 10 
min, and C2 of the second stage (green line) slowly 
decreased to zero in 200 min. Meanwhile, with the 
increase of RBB concentration, C1 of the first stage 
reaction increased from 40.07 % at 250 mg/L to 
57.61 % at 750 mg/L. k1 also increased from 1.1211 
min 1 to 1.6474 min 1, while k2 showed a 
decreasing trend. With the increasing dye 
concentration, more H2O2 was decomposed into 
hydroxyl radicals and reacted with the increasing 
dye, and less H2O2 participated in the reaction with 
ferric irons (the second stage reaction), leading to 
the decrease of the second stage reaction rate. 

Decolorization of anthraquinone dyes by 
different methods was compared with this study. 
Reactive Blue 4 of 100 mg/L was reduced by 55.9 
g/L ZVI with the pseudo first-order rate constant of 
0.029 h 1 [28]. 0.3 mM Fe2+ and 3 mM H2O2 were 
occupied to degrade 100 mg/L anthraquinone dye 
Reactive Blue 19 with the kinetic constant of 0.04 
min 1. The kinetic constants above were lower than 
k1 and k2 in this study. A mixed methanogenic 
culture was occupied to degrade 300 mg/L RBB, 
95 % of the RBB was degraded in 14 days [29]. 
Dichomitus squalens immobilized on pine wood 
was applied to degrade 50 mg/L Remazol Brilliant 
Blue, 94 % of the dye was degraded in one day [30]. 
55.7 % of 100 mg/L Reactive Blue 2 was  
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FIGURE 8 

Variations of dye concentration with time (a) UV 
spectra; (b) color change of the solution 

 
decolorized in 60 min by using dried activated 
sludge as an adsorbent [31]. In two days, 84 % of 
the 300 mg/L Reactive Blue 4 was biodegraded 
[32]. Compared with the decolorization methods 
mentioned above, the application of GM-Fe NPs as 
Fenton-like system for RBB decolorization was 
featured with eco-friendly, low cost and rapid 
decolorization speed, which exhibits a good 
application prospect for decolorizing anthraquinone 
dyes. 

UV-vis spectra analysis.  The changes of 
UV-vis spectra of 50 mg/L RBB dye degradation by 
GM-Fe NPs Fenton-like system were shown in Fig. 
8a. As shown in Fig. 8a, the characteristic peak 
attributed to the anthraquinone ring of RBB dye at 
601 nm decreased from 0.411 to 0.038 after 120 
min degradation. At the same time, the color turned 
from blue to light yellow (Fig. 8b). According to Eq. 
(6) to Eq. (14), the light yellow was the color of 
ferric irons. These results indicated that color 
groups in the visible region had been degraded, and 
no new peaks appeared. 

 
FTIR spectra analysis.  Fig. 9 depicted the 

FTIR spectra of the original GM-Fe NPs powder 
and the GM-Fe NPs powder after decolorization. 
The FTIR spectrum of original GM-Fe NPs 
displayed a number of absorption peaks. The band 

at 1057 cm 1 was due to C-N stretching 
vibration of aliphatic amines [14, 33]; the band 
around 1437 cm 1 was responsible for germinal 
methyl [33]; the absorption band at 1518 cm 1 was 
ascribed to symmetric stretching vibrations of 
-COO- functional group [34]; the band at 1616 cm 1 
was corresponded to aromatic ring or C=C 
stretching vibration [35], and the band around 3368 
cm 1 was due to O-H stretching vibration in 
hydroxyl groups [1, 14]. The result was in 
agreement with the FTIR spectra of GM pericarp 
[35]. After the degradation of RBB dye, FTIR 
spectra of GM-Fe NPs changed obviously, most of 
the bands disappeared and two new bands at 1734 
and 3447 cm 1 appeared, which denoted C=O group 
and O-H stretching vibration in hydroxyl groups, 
respectively. The FTIR results indicated that during 
the degradation of RBB, GM-Fe NPs reacted with 
RBB; also, the extract of GM coated on GM-Fe 
NPs, using as capping agent [14], were damaged 
during Fenton-like reaction (Eq. (6) to (14)). 

 
FIGURE 9 

FTIR spectra of (1) original GM-Fe NPs powder; 
(2) GM-Fe NPs powder after decolorization 

 
 
CONCLUSIONS 

 
GM-Fe NPs were first green synthesized in 

one step by using the extract of GM pericarp under 
mild conditions. The polyphenols in the extract of 
GM pericarp played the roles of reducing and 
capping agents, which was confirmed by SEM, 
EDS, XRD and FTIR spectra of GM-Fe NPs and 
variations of total polyphenols during the synthesis 
of GM-Fe NPs. The GM-Fe NPs were mainly 
amorphous in nature. The optimal ratio of extract to 
FeCl3 for the synthesis of GM-Fe NPs was 5 : 1, 
and the mean particle size of GM-Fe NPs was about 
85 nm.. The GM-Fe NPs were occupied as a 
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catalyst in the Fenton-like oxidation system to 
degrade RBB dye. With the increasing GM-Fe NPs 
dosage, the decolorization efficiency of RBB 
increased from 88.98 to 98.2%. Under the use of 
5mL GM-Fe NPs, the decolorization efficiency can 
reach more than 90% at 60 min and more than 
97.83 % after 180 min when the initial RBB 
concentration ranged between 250 mg/L to 750 
mg/L. The combined first-order kinetic model can 
well explain the RBB degradation process. UV-vis 
spectra indicated that color groups of RBB in the 
visible region had been degraded, and no new peaks 
appeared. In this study, the green synthesis of 
GM-Fe NPs could realize the effective use of the 
agriculture waste GM and had the potential for the 
RBB removal from wastewater. 
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ABSTRACT 

The aim of the study was to identify the 
extractable phenolic compounds in the roots of 
Turkish Kermes Oak (Quercus coccifera L.), and its 
antimicrobial activities. The roots were extracted by 
using conventional hot water extraction method as a 
function of time. Phenolic compounds were 
determined by using high performance liquid 
chromatography (HPLC). And, antimicrobial activity 
tests were carried out using disc diffusion method 
with six different bacteria and one fungus (yeast) 
species. The extraction yields were 22.19%, 22.76%, 
23.16% and 22.82% for 30, 60, 90 and 120 min, 
respectively. It was also found that about 30-38% of 
the total compounds in the oak roots were determined 
by HPLC for all the extractions. Ten active 
compounds (e.g., caffeic acid, (-) gallocatechin, 
fumaric acid, gallic acid, catechin, protocatechuic 
acid ethyl ester, syringic acid, t-3-hydroxycinnamic 
acid, 4-hydroxybenzoic acid and ellagic acid) were 
found in the oak root extract. The concentration of 
main compounds in the oak roots were fumaric acid 
(about 12-22 mg/kg), (-) gallocatechin (about 1-12 
mg/kg), ellagic acid (about 3-5 mg/kg) and gallic acid 
(about 1-2 mg/kg) for all the extraction times. 
Furthermore, some of the Gram-positive and Gram-
negative bacterial species and the fungus strain were 
inhibited. 

  
 
KEYWORDS:  
Turkish kermes oak roots, phenolic compounds, main 
compounds, extraction times, HPLC, antimicrobial activity. 

 
 

INTRODUCTION 

There is an in increasing concern in the 
measurement and use of plant antibacterial and 
antifungal activities for ethno botanic research as well 

as scientific research and industrial purposes. Roots 
of plants and their other products from secondary 
metabolism have been using in folk medicine, food 
flavoring, fragrance and pharmaceutical industries 
[1].  

Ever green oaks dominate most forest habitats in 
the Mediterranean region [2]. Kermes oak (Quercus 
coccifera L.) species are particularly important in the 
maki vegetation. Although its distributions and 
habitats are overlapping, ecological differences 
among them exist. Q. coccifera is more 
thermophilous than other oaks species and appears to 
have contrasting environmental requirements. Kermes 
oak is more frequent in arid and disturbance-prone 
environments, predominantly on limestone substrates 
[3]. 

Tannins are complex polyphenolics found 
widely in the plant kingdom [4]. Tannins are detected 
in leaves, twigs, flower, fruits, tree bark and tree 
roots. They are water soluble polyphenols that are 
commonly available in higher herbaceous and woody 
plants [5]. Gallic acid is an important gallotannin 
belonging to the hydrolysable class, while catechin 
belongs to the non-hydrolysable class [6-7]. 

The interest in natural tannins in the plants relies 
on the wide variety of relevant properties, namely, 
antioxidant, anti-inflammatory, radical scavenger and 
antimicrobial properties [8-10]. Especially, the 
interest in natural phenolic compounds for 
nutraceutical and cosmetic applications has 
considerably increased in recent years because of the 
above-mentioned properties and adverse effects 
resulted from synthetic counterparts [11]. 

According to ethno botanic researches from 
people in the Kaledibi village from Cemendag region 
of Kahramanmaras, Turkey, it was reported that Q. 
coccifera have been used in the healing skin burn and 
stomach wound. Due to the healing properties just 
mentioned, the oak root extracts were applied every 
day on skin burning for 1-2 weeks. Ito et al. (2002) 
have reported the presence of several phenolic acids 
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as tannins, namely, ellagic acid in the extracts of 
wood and leaves and (-) gallocatechin in the extracts 
of bark from Q. coccifera. However, the information 
available on the phenolic fraction known as tannins of 
wood, leaves and bark from Q. coccifera is scarce 
despite the fact that this group of components can 
also be easily extracted from those residues [12].  

Judaki et al. (2014) have studied antimicrobial 
activity of tree fruit of Q. coccifera. The results of 
this study showed positive antimicrobial effect 
against two microorganisms [13] 

Gunes et al. (2014) have also reported that the 
fruit extract of Q. coccifera had strong antimicrobial 
efficay on S. albus, M. luteus and S.aureus [14]. 

Q. coccifera root extracts locally have a great 
importance owing to folkloric information and no 
study has been done on the chemical composition of 
roots from Q. coccifera and its biological activities so 
far. Therefore, we aimed to study the phenolic 
fraction and microbial activities of roots of Quercus 
coccifera. 

 
 

MATERIAL AND METHODS 

Roots of Q. coccifera L. (RQC) were collected 
from geographical location with the altitude of 1411 
m in Ahir hill,  latitude of 37o  and 
longitude of 37o in 
province located in the Mediterranean region of 
Turkey. Q.coccifera L. was diagnosed by Lecturer 
Tolga OK from Department of Forestry Engineering, 

Turkey. Voucher specimen number 
was 44, and voucher specimen was deposited in 
Herbarium of Forestry Faculty in 

(KASOF). Reference 
chemicals, such as gallic acid, ellagic acid, caffeic 
acid, fumaric acid, catechin, protocatechuic acid ethyl 
ester, syringic acid, t-3 hydroxycinnamic acid, 4-
hydroxy benzoic acid and (-) gallocatechin were 
supplied by Sigma Chemicals Co. Methanol, 
phosphoric acid and acetonitrile, which are elluents in 
high performance liquid chromatograph (HPLC) 
grade and purchased form Merck Co. Deionized 
water used throughout the experiments was generated 
by a Millipore water purification system and filtered 
with a 0.22 μm membrane in Central Laboratory of 
KSU. 

 
Preparation of extracts. The roots of the 

Kermes oak were dried and pulverized by willey mill 
and sieved granulometric fraction for 40-60 mesh. 
The RQC powders were used for extraction and 
HPLC analysis. About 2 g of RQC powder was mixed 
with boiling water of 200 ml. The samples were 

extracted by using conventional hot water extraction 
method for 30, 60, 90 and 120 min, respectively. Half 
ml of each extract was removed and centrifuged at 
5000 rpm for 10 min. The supernatant was collected 
and stored at 4 oC. Finally, extraction yields (EY) 
were calculated as follows:  

 
where, Wo is the initial oven-dry weight of a 

sample before soaking in water (g) and W1 is the 
oven-dry weight of the sample after extraction (g). 

 
Preparation of standard solution. Standard 

stock solutions of gallic acid (200 mg/kg), ellagic 
acid (100 mg/kg), caffeic acid (250 mg/kg), fumaric 
acid (300 mg/kg), catechin (200 mg/kg), 
protocatechuic acid ethyl ester (330 mg/kg), syringic 
acid (120 mg/kg), t-3 hydroxycinnamic acid (150 
mg/kg), 4-hydroxybenzoic acid (400 mg/kg) and (-) 
gallocatechin (100 mg/kg) were prepared in methanol 
and stored away from light at 4 oC. Different 
concentrations of working solutions were prepared by 
appropriate dilution of the stock solution. 

 
HPLC analysis. Liquid chromatography of the 

oak roots extracts was carried out on a Shimadzu 
HPLC system with LC-20AD pumping system and a 
SPD-20A UV detector. Wavelengths used to detect 
the phenolic compounds were 278 nm. The column 
used was a ODS Hypersil C-18 (250 x 4.6 mm x 5 
μm). The elution was performed with 0.1% of 
phosphoric acid (A) and acetonitrile (B). The gradient 
profile was as follows: 0 min, 8% B; 35 min, 22% B; 
45 min 8% B and then held for 5 min to initial 
conditions. The flow rate was 0.8 ml/min. The 
chromatographic column was washed with the initial 
conditions to stabilize for 10 minute. The 
concentrations of each compound were reported as 
mg/kg on the basis of total weight of oven-dry oak 
roots and percent amount on the basis of total 
compounds determined by HPLC. 

For good separation; an appropriate 
chromatographic column, mobile phase and detection 
wavelength are critically important. So, various 
mobile phases consisting of phosphoric acid-
acetonitrile, acetic acid-methanol, methanol-
acetonitrile and methanol-water were investigated 
under different gradient conditions. The detection 
wavelength was chosen according to the maximum 
adsorption wavelengths for all the reference 
compounds between 200-400 nm wavelengths. The 
desired components form the RQC were identified by 
comparing both the retention times and UV spectra 
with those of the authentic standard. After several 
tests, suitable column and the phosphoric acid-
acetonitrile mobile phase mentioned above were 
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TABLE 1 
Regression equation, retention time, correlation coefficient of  

reference compounds on HPLC. 
 

No Reference Compound 
Retention 

Time (min) 
Regression 
equationa 

Correlation 
coefficient 

(r2) 
1. Caffeic acid 16.10 y = 1.29.10-5x 0.9978 

2. (-) Gallocatechin 7.70 y = 4.48.10-5x 0.9930 

3. Fumaric acid 5.13 y = 6.16.10-4x 0.9986 

4. Gallic acid 5.41 y = 6.81.10-6x 0.9993 

5. Catechin 12.44 y = 5.28.10-5x 0.9920 

6. Protocatechuic acid ethyl ester 37.44 y = 2.49.10-5x 0.9957 

7. Syringic acid 17.06 y = 1.84.10-5x 0.9834 

8. t-3-hydroxycinnamic acid 30.53 y = 5.17.10-6x 0.9812 

9. 4-hydroxybenzoic acid 13.73 y = 1.24.10-5x 0.9865 

10. Ellagic acid 26,61 y = 9.88.10-6x 0.9850 
                  ax: peak area of components, y: concentration of components 
 

found suitable condition for simultaneous separation 
and determination. Perfect agreement between 
standard and sample spectra was found in all the 
analyzed samples. 

All the calibration curves were plotted based on 
linear regression analysis of the integrated peak areas 
(x) versus concentrations (y, mg/ kg) of the 10 marker 
constituents in the reference solution at four different 
concentrations. Regression equation, retention time 
and correlation coefficient of 10 marker constituents 
in HPLC were listed in Table 1. 

Furthermore, in this study for analysing 
condensed tannins (e.g., catechin, gallocatechin etc.) 
and hydrolysable tannins (e.g., gallic acid, ellagic acid 
etc.) presents in RQC samples, under the same 
chromatographic conditions was developed. Various 
mobile phase systems were investigated when the 
method was established. The results showed that the 
solvent system consisting of A-phosphoric acid and 
B-acetonitrile was found to be the best one for 
influence on the chromatographic separation 

 
Preparation of test microorganisms. Gram-

positive bacteria (Staphylococcus aureus-ATCC 
25923, Staphylococcus epidermidis-Clinical isolate), 
Gram-negative bacteria [Escherichia coli-Clinical 
isolate, Acinetobacter baumannii-Clinical isolate 
(Nosocomial Pathogen), Pseudomonas aeruginosa-
Clinical isolate (Nosocomial Pathogen),  Klebsiella 
pneumonia-Clinical isolate] and fungi (yeast) 
(Candida albicans-ATCC 90028) were employed for 
determination of antibacterial and antifungal activity. 
The microorganisms that can be pathogenic for 
humans were used in this study. The strains of 

bacteria and fungi were obtained from the stock 
cultures (clinical isolates and standard strains) of 
Microbiology Laboratory, in the Department of 
Medical Microbiology, Faculty of Medicine, 
Kahramanmaras Sutcu Imam University, 
Kahramanmaras, Turkey. These bacteria were 
maintained on Blood agar base (Oxoid CM55, 
Basingstoke, Hampshire, UK). The fungus was 
maintained on Sabouraud-dextrose agar (Oxoid 
CM41, Basingstoke, Hampshire, UK), which is often 
used with antifungal for the isolation of the 
pathogenic fungi. These isolates (bacteria and yeast) 
were identified using conventional biochemical tests 
[15] and confirmed by API test system (BioMèrieux, 
France). 

 
Antimicrobial susceptibility testing. For the 

purpose of antimicrobial activities, seven 
microorganisms were used. Agar cultures of the test 
microorganisms were prepared as described by 
Gulcin  et al. (2008). Three to five similar colonies 
were selected and transferred with loop into 5 ml of 
Tryptone soya broth (Oxoid CM129, Basingstoke, 
Hampshire, UK). Tryptone soya broth is a highly 
nutritious versatile medium, which is recommended 
for general laboratory use and used for the cultivation 
of aerobes and facultative anaerobes, including some 
fungi. The broth cultures were incubated for 24 h at 
37°C. For screening, sterile, 6-mm diameter filter 

water extracts. Q. coccifera extract dissolved in sterile 
water for the assay by magnetic stirrer. Then the 
paper discs placed onto Mueller Hinton agar (Oxoid 
CM337, Basingstoke, Hampshire, UK). The inoculum 
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for each organism was prepared from broth cultures. 
The concentration of cultures was to 108 colony 
forming units (1×108 cfu/ml). The results were 
recorded by measuring the zones of growth inhibition 
surrounding the disc. Clear inhibition zones around 
the discs indicate the presence of antimicrobial 
activity: amoxicillin-clavulanic acid (20/10 μg/disc), 
gentamicin (10 μg/disc), ampicillin-sulbactam (10/10 
μg/disc), ciprofloxacin (5 μg/disc, -
Disc ) and antifungal Fluconazole (25 μg/disc) were 
used as reference standards, which recommended by 
the Clinical and Laboratory Standards (CLSI). In 
vitro antimicrobial susceptibility testing of isolates 
were carried out using the disc diffusion method 
according to the CLSI on Mueller-Hinton agar 
(Merck, Germany) plates [16]. 

 
 

RESULTS 

Extraction yields in conventional extraction 
method. The extraction yields of the oak roots 
studied are shown in Table 2. It was evident from 
table 2 that the extraction yields obtained were found 
to be closed to each other depending on the time. 

 
TABLE 2 

Extraction yields of Quercus coccifera  
roots as a function of time. 

 
Time (min) Extraction  

Yield (%) 
30 22.19 
60 22.76 
90 23.16 
120 22.82 

 

 
 

FIGURE 1 
Typical chromatograms of the standard mixture. 
(1) fumaric acid, (2) gallic acid, (3) (-) 
gallocatechin, (4) catechin, (5) t-3-
hydroxycinnamic acid, (6) caffeic acid, (7) syringic 
acid, (8) ellagic acid, (9) t-3 hydroxycinnamic acid, 
(10) protocatechuic acid ethyl ester. 
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FIGURE 2 

Typical chromatograms of the RQC for (A) 30, (B) 
60, (C) 90 and (D) 120 min extraction time 
respectively in conventional extraction method. 
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TABLE 3 
Chemical compound and their concentrations (mg/kg and percent) determined by HPLC study. 

 
 

Chemical 
Compounds 

Extraction time (min) 

No 30 60 90 120 
 mg/kg %* mg/kg % mg/ kg % mg/ kg % 

1. Caffeic acid 0.07 0.24 0.03 2.87 0.04 2.45 0.94 1.37 
2. Ellagic acid 4.35 8.82 3.57 19.42 3.21 8.45 5.23 19.26 
3. Fumaric acid 22.84 1.85 20.14 0.85 14.13 0.93 12.12 0.6 
4. Gallic acid 2.32 11.75 1.74 6.86 1.84 11.24 2.23 7.79 
5. Catechin 1.56 1.29 1.67 0.76 0.93 1.04 1.1 1.12 
6. Protocatechuic 

acid ethyl ester 
1.96 0.88 1.03 1.44 0.28 1.03 2.38 1.588 

7. Siringic acid 0.69 - 0.12 0.12 0.07 - 0.13 - 
8. t-3-hydroxy 

cinnamic acid 
- - - - 0.03 - 0.02 - 

9. 4-Hydroxy 
benzoic acid 

0.09 0.51 0.1 0.2 0.14 3.03 0.6 1.15 

10. (-) Gallocatechin 12.28 7.99 9.56 5.04 1.47 2.33 5.65 2.59 
 Total   33.33  37.56  30.35  35.37 

      *The percentage of compounds determined by HPLC. 
 

HPLC analysis. The established method was 
applied to analyze the solution of reference 
compounds and RQC samples. Typical 
chromatograms of the pure standards and Q. coccifera 
roots in HPLC are shown in Figures 1 and 2. 

The HPLC identification of tannin compounds 
was carried out by comparing peak retention times 
with reference compounds run under the same 
experimental conditions for all the samples. The 
HPLC evaluations of the RQC extracts as 
concentration (mg/kg) and percent amount as 
functions of extraction time periods were given in 
Table 3.  

No study has been done on the chemical 
composition of the roots from Q. coccifera so far. 
However, Ito et al. (2002) have notified the entity of 
several phenolic acids, namely, ellagic acid in extracts 
of wood and leaves and (-) gallocatechin in the 
extracts of bark from Q. coccifera. Yet, the 
information available on the phenolic fractions, 
known as tannins, of wood, leaves and bark are still 
scarce.   

It was clear from Table 3 that total amount of 
phenolic compounds determined were 33.33%, 
37.56%, 30.35% and 35.37% for extraction time of 
30, 60, 90 and 120 mim, respectively. 

The highest concentration (12.12-22.84 mg/kg) 
was found to be for fumaric acid, followed by (-) 
gallocatechin (2.33-12.28 mg/kg), ellagic acid (3.21-
5.23 mg/kg) and gallic acid (1.74-2.32 mg/kg) for the 
whole extraction times. Besides, smaller amounts of 

catechin, protocatechuic acid ethyl ester, syringic 
acid, t-3 hydroxycinnamic acid and 4-hydroxy 
benzoic acid were also determined for all the 
extraction time periods studied. On the other hand, in 
view of percent amount the highest percentage was 
for ellagic acid (8.32-19.45%), followed gallic acid 
(6.86-11.75%), and (-) gallocatechin (2.33-7.99%) for 
all the extraction times, consecutively. 

 Although the extraction yields did not 
considerably differ by varying extraction times, the 
concentration (mg/kg) and percent amount values 
were affected by extraction time for all the 
compounds studied. In the meantime, major 
component values also varied with concentration 
(mg/kg) and percent amount in all the extraction time 
studied here. 

As also indicated in Table 3, when the extraction 
time of the RQC increased from 30 min to 90 min, the 
main phenolic compounds generally decreased. This 
phenomenon may be explained by the degradation 
effect of temperature applied for long time. 

However, with the exception of fumaric acid, the 
concentrations of the other compounds clearly 
increased with increasing extraction time from 90 min 
to 120 min, indicating the efficient penetration of 
water into the plant cell in prolonged time period. 

 
Antimicrobial activity. In antimicrobial 

activities, six different bacteria and one fungus (yeast) 
species were used to screen the possible antibacterial  
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TABLE 4 
Antibacterial and antifungal activities of Quercus coccifera  against the bacteria strains  

based on disc diffusion assay. 
 

 
Inhibition zone 

for Extracts 
(mm)a 

Inhibition zone  
for antibacterial reference 

(mm)a 

Inhibition 
zone  

for fungal 
reference 
 (mm)a,b 

 Q20c 
μl 

Q40d 
μl 

AMC AMP CN CIP FCA 

   S R S R S R S R  

Staphylococcus 
aureus 

ND 11 - 15 - 15 - 12 32 - - 

Staphylococcus 
epidermidis 

ND 12 20 - - 18 15 - 35 - - 

Escherichia coli ND 12 - ND - ND 22 - - ND - 
Klebsiella 
pneumonia 

ND 8 - ND - ND 21 - 35 - - 

Pseudomonas 
aeruginosa        

ND ND - ND - ND - ND - ND - 

Acinetobacter 
baumannii         

ND ND - ND - ND - ND - ND - 

Candida albicans 
(yeast) 

ND 8 - - - - - - - - ND 

aAntimicrobial results are average of triplicate easurements, bAMC: Amoxicillin-clavulanic acid (20/10 μg/disc: 
AMP: Ampicillin-sulbactam (10/10 μg/disc), CN: Gentamicin (10 μg/disc), CIP:  Ciprofloxacin (5 μg/disc), FLU: 
Fluconazole (25 μg/disc), cQ20 μl and dQ40 μl: Water extract concentration of Quercus coccifera, ND: Not detected 
activity at this concentration (resistant), S: Sensitivity, R: Resistant. 

 
 

and antifungal activities of the distilled water extract 
of the RQC. 

Table 4 depicted the antibacterial and antifungal 
activities of Q. coccifera against the bacteria strains 
by using disc diffusion assay. As can be seen from 
this table, some of the Gram-positive and Gram-
negative bacterial species, and the fungus strains were 
inhibited by the RQC extract with a concentration of 
10,000 ppm in the amount of 20 and 40 μl. The 
antibacterial activity of the RQC extract with the 
amount of 20 μl was not detected against S. aureus, 
E. coli, S. epidermidis, A. baumannii, and P. 
aeruginosa. However, the RQC extracts of 40 μl 
showed strong antibacterial activity against S. aureus, 
S. epidermidis and E. coli (see Table 4).   

Judaki et al. (2014) have detected that the entity 
at its highest concentration the aqueous extract of O. 
coccifera had an inhibition zone of 27.2 and 23.7 mm 
on S. aureus and P. aeruginosa, consecutively. The 
MIC and MBC values for tree fruit extract from Q. 
coccifera ml for S. aureus and 

P. aeruginosa, consecutively 
[13]. The results of this study revealed that there were 

the strong antimicrobial effects of Q. coccifera fruit 
aqueous extract on S. aureus and P. aeruginosa [13]. 

Additionally, it was reported by Gunes et al 
(2014) that S. albus, M. luteus and S. aureus bacteria 
were inhibited by the fruit extract of Q. coccifera 
resulting in an inhibition zone of 13-15 mm [14].  

Yet, the information available on the 
antimicrobial of wood, leaves and bark are still scarce 
Nevertheless, no study has been done on the 
antimicrobial activity of the roots from Q. coccifera 
so far. 
 
 
DISCUSSION AND CONCLUSIONS 

The RQC was extracted by using conventional 
extraction method and analyzed by employing HPLC. 
The results indicated that the extraction yields were 
22.19%, 22.76%, 23.16% and 22.82% for 30, 60, 90 
and 120 min, respectively. Moreover, major 
component identified in all the extraction time periods 
were found to be fumaric acid, (-) gallocatechin, 
ellagic acid and gallic acid for hot water conventional 
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extraction applied. The highest concentration (22.84 
mg/kg) was for fumaric acid, while the lowest 
concentration (0.02 mg/kg) was for t-3-hydroxy 
cinnamic acid. On the other hand, major components 
were gallic acid, ellagic acid and (-) gallocatechin 
based on the percentage amount of total components 
in the extract. 

Though the extraction yields determined for 
various time periods were closed to each other,  
differences in phenolic compounds amongst 
extraction times were observed. On the other hand, 
the findings demonstrated that the main phenolic 
compounds decreased with increasing extraction time 
due to the degradation effect of temperature exposed 
for longer time. 

Furthermore, the microbial study demonstrated 
that some of the Gram-positive and Gram-negative 
bacterial species and the fungus strain were inhibited 
by RQC with amounts of 20 and 40 . Nevertheless, 
the antimicrobial activities of standard antibiotics, 
namely, Amoxicillin-clavulanic acid and ampicillin-
sulbactam, studied herein were not detected against S. 
aureus, S. epidermidis, E. coli, K. pneumonia, P. 
aeruginosa, and A. baumannii. However, the RQC 
extracts with the amount of 40 μl gave strong 
antibacterial activity against S. aureus, S. epidermidis 
and E. coli. It was also important to notice that the 
antimicrobial activities of the 20 μl RQC extract were 
not found against all the microorganisms studied here.  
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ABSTRACT 
 

Spiromesifen is a novel insecticidal/acaricidal 
compound derived from spirocyclic tetronic acids 
which gives prolonged control of insect pests of 
cabbage and tomato. Spiromesifen exhibits low 
acute toxicity, but short-term and long-term 
exposure can cause adverse effect on human and 
animal health. The QuEChERS method in 
conjunction with LC-MS/MS was validated for 
analysis of spiromesifen and its metabolite, 
spiromesifen-enol in cabbage and tomato. The mass 
spectrometer was operated in the positive multiple 
reaction monitoring (MRM) mode for spiromesifen 
and negative MRM mode for spiromesifen-enol. 
The recoveries were in the range of 72.16-105.27% 
with relative standard deviation (RSD) <20% and 
measurement uncertainty (MU) within 4.8-10.7%. 
The limit of detection (LOD), limit of 
quantification (LOQ) for both analytes was 0.0015 
μg mL-1 and 0.005 mg kg-1, respectively. The 
method was linear in the range of 0.005-0.1 mg kg-

1. The method developed is a suitable tool to 
analyze spiromesifen (sum of spiromesifen and 
spiromesifen-enol, expressed as spiromesifen) 
below the EU MRL of 0.02 mg kg-1 in cabbage and 
1.0 mg kg-1 in tomato. The method was used to 
analyze both compounds in real samples of cabbage 
and tomato.  
 
 
KEYWORDS:  
Liquid chromatography-mass spectrometry (LC-MS/MS), 
Method validation, QuEChERS, Spiromesifen, 
Spiromesifen-enol 
 
 
INTRODUCTION 

 
Spiromesifen {3-mesityl-2-oxo-1-oxaspiro 

[4.4] non-3-en-4-yl 3, 3-dimethylbutyrate} is a 
miticide/insecticide that belongs to the class 
spirocyclic phenyl substituted tetronic acid. It is an 
excellent and innovative compound for controlling 
whiteflies (Bemisia and Trialeuroides spp.) and 
mites (Tetrancychus and Panonychus spp.). When 

used according to the recommendation it provides 
outstanding control of whiteflies and mites resistant 
to other insecticides and miticides [1]. Spiromesifen 
is a lipid biosynthesis inhibitor, acts by inhibiting 
lipid metabolism enzyme acetyl Co-A carboxylase 
and cause significant decrease in the fat lipids. It 
has no cross resistance to the more commonly used 
neonicotinoids [2]. The major metabolite of 
spiromesifen is spiromesifen-enol, which is formed 
by hydrolysis of the parent compound. The residue 
definition for enforcement purposes is the sum of 
spiromesifen and spiromesifen-enol, expressed as 
spiromesifen [3]. 

Cabbage and tomato are the two important 
vegetable crops consumed throughout the world. 
The annual world production of cabbage was 68 
million metric tons for the year 2011 (Food and 
Agricultural Organization of the United Nations). 
Cabbage is a good source of vitamin C, fiber and 
beta-carotene, and also acts as an anti-carcinogenic 
agent [4]. It is most commonly affected by aphids 
[5]. Tomato is consumed in many ways, fresh as 
well as processed. It contains carotene and 
lycopene, the most beneficial natural antioxidants. 
It is reported to prevent prostate cancer, decreased 
risk of breast cancer, head and neck cancer [6]. The 
most common tomato pests are psyllid and 
whiteflies. Spiromesifen could give effective 
control of aphids and psyllid of cabbage and 
whiteflies of tomato [7-10].      

The available information on the residue 
analysis of spiromesifen in various substrates 
involved multiple steps and using large volume of 
organic solvents. The analysis was carried out using 
gas chromatograph-mass spectrometer (GC-MS) 
where only the parent compound was detected [11-
13]. Since the major metabolite spiromesifen-enol, 
is included in the residue definition of spiromesifen, 
it is essential to analyze both the compounds at a 
level which is the legal limit or maximum residue 
limit (MRL). In our laboratory we have analyzed 
spiromesifen-enol by HPLC and GC-MS, where the 
parent compound could be detected at 0.01 μg mL-

1, but the metabolite could not be detected even at 
1μg mL-1. QuEChERS is a widely accepted method 
for the analysis of pesticide residues in various 
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matrices. It requires low volume of solvent 
compared to other methods [14]. It is a very flexible  

 
 

FIGURE 1 
Chemical structure of (a) spiromesifen, (b) spiromesifen-enol. 

 
method that can be modified depending on the 

analyte, matrix and analytical instrument [15]. The 
above study has been carried out to validate the 
analytical method (QuEChERS) for analysis of 
spiromesifen and spiromesifen-enol in cabbage and 
tomato by LC-MS/MS at below their MRLs. The 
validation was carried by studying the various 
method validation parameters to provide evidence 
that the method is fit for the intended use [16]. 
 

 
MATERIALS AND METHODS 

 
Chemicals and reagents. Spiromesifen (99% 

purity) and spiromesifen-enol (99.5% purity) were 
procured from Sigma Aldrich, India (Figure 1). LC-
MS/MS grade acetonitrile, acetic acid, methanol, 
ammonium formate and formic acid were procured 
from Sigma Aldrich, India. Magnesium sulphate, 
sodium sulphate and sodium acetate used were of 
analytical grade and procured from Rankem Fine 
Chemicals Limited, India. Magnesium sulphate was 
activated in a muffle furnace at 500º C for 5 hours 
and kept in desiccator before use. Primary 
secondary amine (PSA) of particle size 40 μm was 
procured from Agilent technologies, India. PTFE 
membrane filter of pore size 0.2 μm was procured 
from Phenomenex, India. The deionized water for 
the mobile phase was obtained from a Millipore 
water purification system (ELIX, Merck Millipore, 
India Pvt. Ltd) and filtered using Millipore GV 
filter paper of pore size 0.22 μm. 

 
Preparation of standard solutions. Stock 

solutions of spiromesifen and spiromesifen-enol 
were prepared by dissolving 10 mg of spiromesifen 
and spiromesifen-enol in 10 mL LC-MS/MS grade 
acetonitrile. Working standards were prepared by 
further dilutions of the stock solution. Calibration 
standards were prepared in pure solvent as well as 
with matrix blank of cabbage and tomato at the 
concentration levels of 0.0015, 0.0025, 0.005, 0.01, 
0.025, 0.05, 0.1μg mL-1. Matrix match standards 
are prepared by concentrating 1 mL of the blank 
samples of cabbage and tomato using low volume 
concentrator (Turbo vap® LV concentrator, caliper 
life sciences, USA) and adding the required aliquot 

of the standard. The stock and working standards 
are stored at -20ºC. 

 
Sample preparation and spiking. Cabbage 

and tomato were grown at the Experimental farm of 
Indian Institute of Horticultural Research (IIHR), 
Bangalore, India, without application of pesticides. 
About 2 kg of the sample was collected and cut into 
small pieces. The samples were homogenized 
thoroughly in a high volume robot coupe 
homogenizer (Blixer ® 6 V.V, France). A 
subsample of (200 g) was taken and further 
homogenized with a silent crusher M (Heidolph 
Instruments, Germany). The homogenized samples 
(15 g) were weighed in 50 mL polypropylene 
centrifuge tubes. The samples were spiked with 
spiromesifen and spiromesifen-enol at 0.0025, 
0.005, 0.01, 0.025, 0.05 and 0.1 mg kg-1. The 
extraction and purification of the spiked cabbage 
and tomato samples was carried out by the 
QuEChERS method [14]. The spiked samples (15 
g) were treated with 15 mL of 1% acetic acid in 
acetonitrile (LC-MS/MS grade) and shaken for 1 
min. Anhydrous magnesium sulfate (6 g) and 
sodium acetate (1.5 g) were added to the tubes and 
shaken for 2 min. The tubes were centrifuged at 
4100 rpm for 10 min using a Restek centrifuge (Q-
Sep 3000, Bellefonte, PA 16823, USA). The upper 
acetonitrile extract (3 mL) was transferred to a 15 
mL centrifuge tube to which 150 mg primary 
secondary amine (PSA) sorbent and 450 mg 
anhydrous magnesium sulfate were added. The 
tubes were shaken for 1 min and centrifuged again. 
The supernatant acetonitrile phase was filtered 
through PTFE membrane filter (0.2 μm pore size) 
and analyzed by LC-MS/MS. The real samples 
collected from markets around Bangalore city 
(India) were prepared and analyzed in the same 
manner as described above for the spiked samples. 

 
LC-MS/MS analysis. Analysis of cabbage 

and tomato was performed using LC-MS/MS 
system containing 1290 infinity LC (Agilent 
technologies, Palo Alto, CA, USA) coupled with 
6460 triple Quad mass spectrometer. The separation 
of the anlaytes was performed using a Zorbax 
Eclipse Plus C18 column (2 X 100 mm id, 1.8 μm 
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particle size). The column was maintained at a 
constant temperature of 40º C±0.8º C. The mobile 

phase was composed of (A) water with 0.1% 
ammonium formate (5 mM) and 0.01% formic acid,  

TABLE 1 
Mass spectrometry parameters in the multiple reaction monitoring (MRM) for the determination of 

spiromesifen and spiromesifen-enol. 
 

 
 
v v-1 and (B) methanol with 0.1% ammonium 

formate (5 mM) and 0.01% formic acid, v v-1. A 
flow rate of 0.4 mL min-1 was maintained. A 
gradient programme started with 85% A and 15% B 
phase (0-1 min). A linear gradient was then 
established in order to reach a 50% A and 50% B 
composition at 6 min, 5% A and 95% B at 12 min; 
return to the initial conditions at 18 min. The 
samples were transferred to 1.5 mL vials and 2 μL 
was injected using an auto-sampler. For 
determination of spiromesifen residues the 
electrospray ionization (ESI) probe was operated in 
the positive mode and for spiromesifen-enol 
residues in the negative mode by multiple reactions 
monitoring (MRM). The instrument parameters 
were optimised and two most abundant MS/MS 
(precursor product) ion transitions were monitored; 
one for quantification and another for confirmation 
(quantifier and qualifier). For confirmation, the ion 
ratio calculated as percent ratio of peak areas of the 
qualifier and quantifier MRMs for spiromesifen 
(21.3%) and spiromesifen-enol (12.3 and 15.6%) 
were used (Table 1). An additional ion transition 
was monitored for confirmation of spiromesifen-
enol. 

 
Validation of the analytical method. The 

analytical method used for the analysis of 
spiromesifen and spiromesifen-enol in cabbage and 
tomato was validated by taking into consideration 
the various method validation parameters such as: 
accuracy, precision, limit of detection (LOD), limit 
of quantification (LOQ), linearity, range, selectivity 
and measurement uncertainty. 

 
Accuracy and precision. Accuracy is the 

closeness of agreement between the value, which is 
accepted as a conventional, true value or as an 
accepted reference value. Precision is the measure 
of degree of repeatability of an analytical method 
under normal operating conditions and expressed as 

the percent relative standard deviation (RSD). The 
two most common precision measures are 
repeatability and reproducibility. The accuracy and 
precision of the analytical method was studied by 
spiking the cabbage and tomato samples at six 
concentration levels such as, 0.0025, 0.005, 0.01, 
0.025, 0.05 and 0.1 mg kg-1 and each spiking was 
carried out with six replicates. The intraday and 
inter-day precision was determined by analyzing six 
spiked samples in a single day and over 6 six days. 
 

Limit of detection (LOD) and Limit of 
quantification (LOQ). The LOD of the method 
was determined by LC-MS/MS analysis of 
spiromesifen and spiromesifen-enol at seven levels 
in the concentration range of 0.0015-0.1 μg mL-1. 
The lowest concentration at which the analytes 
could be detected corresponding to a signal: noise 
ratio of 3:1 was considered the LOD. The LOQ was 
determined as the lowest concentration of the 
analyte in a sample that could be reliably 
determined in a complex matrix at a signal: noise 
ratio of 10:1. 

 
Linearity and range. Linearity is the ability 

of the method to elicit the test results that are 
directly proportional to analyte concentration 
within a given range. Range is the interval between 
lower and upper levels of analyte that have 
demonstrated to be determined with the stated 
precision and accuracy. The range of the analytical 
method was determined by analyzing spiromesifen 
and spiromesifen-enol at six different levels in the 
concentration range of 0.0025-0.1 μg mL-1. 
Calibration curve was drawn by analyzing matrix 
matched standards at seven different concentrations 
in the range of 0.0015-0.1 μg mL-1 and it was used 
for quantification of spiromesifen and 
spiromesifen-enol residues in cabbage and tomato 
(Figure 2). 

Compound  
 

Retention 
time 
(min) 

Precursor  
ion 

Product 
ion 

Dwell 
time 
(Sec)  

Fragment
or 

Collision 
Energy 
(CE) 

Cell 
Accelerat
or 
voltage 

Polarity Ion 
ratio % 

Spiromesifen 13.3 371 272.9 6 55 3 7 Positive  

371 255.0 6 55 20 7 Positive 21.3 
Spiromesifen-enol 

 

7.1 

 

271 209.0 6 150 16 7 Negative  

271 206.7 6 150 20 7 Negative 12.3 

271 158.7 6 150 31 7 Negative 15.6 
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FIGURE 2 
Calibration curve of (a) spiromesifen, (b) spiromesifen-enol. 

 
 
Selectivity. Selectivity is the measure, which 

assess the reliability of measurement to identify a 
compound in a complex matrix without interference 
from other components in the matrix. To study the 
selectivity of the method, blank and spiked samples 
were analyzed in a low to high concentration ranges 
in all the matrices. 

 
Measurement uncertainty. Measurement 

uncertainty is the quantitative parameter that 
describes the range of the experimental results 
within which the true values can be expected to lie. 
The factors that are contributing towards the 
uncertainty of the sample are listed as type-A and 
type-B uncertainties. Type-A uncertainty was 
evaluated by determining the relative standard 
deviation of repeated observations i.e., recovery. 
The type B uncertainties was contributed by sample 
volume measure, temperature, purity of reference 
standard, mass of reference standard, volume of 
standard solution prepared, dilution of stock 
solution, mass of sample etc. Relative uncertainty 
of each component was calculated. All individual 
uncertainties were computed and the combined 
uncertainty was estimated using the formula given 
below. The expanded uncertainty was determined at 
a confidence level of 95% by using the coverage 
factor K=2. 

Where R Ucomb is the relative combined 
uncertainty 

R Urec is the relative uncertainty from repeated 
observations (recovery) 

RUvol sample and temp  is the relative uncertainty 
from sample volume and temperature 

R Uconc of ref std   is the relative uncertainty from 
concentration of reference standard 

R Uvol of ref std   is the relative uncertainty from 
volume of reference standard 

R Um of ref std   is relative uncertainty from mass 
of reference standard 

R Um of sample is the relative uncertainty from 
mass of sample 

 
 

RESULTS 
 
Accuracy and precision. The accuracy of the 

analytical method was evaluated by spiking blank 
cabbage and tomato samples with spiromesifen and 
spiromesifen-enol at six different concentration 
levels in the range of 0.0025-0.1 mg kg-1. Each 
concentration was analyzed in six replicates. The 
recoveries of the spiromesifen and spiromesifen-
enol in cabbage and tomato are presented in the 
Table 2. The recoveries at the spiking range of 
0.005-0.1 mg kg-1 were found to be in the 
acceptable range of 70-120%, whereas at 0.0025 
mg kg-1 it was <70% [16].  Spiromesifen recoveries 
of cabbage was in the range of 77- 90.23% and 
spiromesifen-enol, 72.16-87%. The recoveries of 
tomato were in the range of 96-105.27% for 
spiromesifen and 74.50-85.45% for spiromesifen-
enol. Precision of the analytical method was 
determined by calculating the repeatability of the 
spiked sample analysis (intraday and inter-day) at 
five levels (with six replicates each) and it was 
expressed as RSD%. The intraday RSD% of 
spiromesifen and spiromesifen-enol analysis in 
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cabbage and tomato are given in the Table 2. 

The RSD values of spiromesifen in cabbage were in 
the range of 5.8-8.7% and spiromesifen-enol, 5.3-
8.6%. The RSD values of spiromesifen in tomato 
were 3.6-8.7% and spiromesifen-enol, 5.7-9%. The 
inter-day precision (obtained by analyzing six 
replicates over six days) values were always <20%. 
The precision of the analytical method (RSD%) 

 
 
Limit of detection (LOD) & Limit of 

quantification (LOQ). The LOD of the method 
was determined by injecting the spiromesifen and 
spiromesifen-enol standards from lower to higher 
concentration of 0.0015-0.1μg mL-1. The LOD of 
the spiromesifen and spiromesifen-enol was 0.0015 
μg mL-1, the concentration at which the peak could 
be identified at a signal to noise ratio of 3: 1. The 
LOQ of the method was 0.005 mg kg-1, which is the 
lowest spiking level at which satisfactory recovery 
could be obtained at the signal: noise ratio of >10. 
The LOQ of both compounds were below the EU 
regulatory requirement for cabbage (0.02 mg kg-1) 
and tomato (1 mg kg-1). As spiromesifen-enol is 
included in the residue definition of spiromesifen it 
is necessary to analyze this metabolite at a 
sufficiently low level. The earlier study carried out 
on analysis of spiromesifen in tomato, the reported 
LOQ was 0.05 mg kg-1, whereas for apple, chilli 
and eggplant it was 0.01 mg kg-1 [11-13, 17]. In all 

these studies the residue level of only spiromesifen 
was reported. In the current study analysis of 
spiromesifen and spiromesifen-enol could be 
carried out in cabbage and tomato at below the 
MRL levels. 
 

Linearity. The linearity of the method was 
evaluated by analyzing spiromesifen and 
spiromesifen-enol at seven concentrations in the 
range 0.0015 - 0.1μg mL-1. A seven point 
calibration curve was drawn analyzing matrix 
match standards of cabbage and tomato. The 
calibration curve was linear in the range of 0.0015 - 
0.1 μg mL-1 with the correlation coefficient always 
>0.99 for both analytes. 
 

Selectivity. The selectivity of the method is 
the ability to determine the analytes in the presence 
of other matrix components. Identification of the 
spiromesifen and spiromesifen-enol was carried out 
by comparing the retention time and ion ratio. The 
precursor and product ion for spiromesifen, 
spiromesifen-enol and the ion ratio are presented in 
Table 1. The total ion chromatogram (TIC) of 
blank; matrix matched and spiked sample of 
cabbage and tomato with spiromesifen and 
spiromesifen-enol are presented in Figures 3 and 4. 
The extracted ion chromatogram of spiromesifen 
and spiromesifen-enol is presented in Figure 5. 

 
 

TABLE 2 
Recovery (%) and RSD (%) of spiromesifen and spiromesifen-enol from cabbage and tomato at different 

spiked levels. 
 

Spiked 
level 
(mg kg-1) 

Cabbage Tomato 

Spiromesifen Spiromesifen-enol Spiromesifen Spiromesifen-enol 

Recovery± 
SDa 

RSD % Recovery± 
SDa 

RSD % Recovery± 
SDa 

RSD % Recovery± 
SDa 

RSD 
% 

0.005 77.00±6.7 8.7 72.16 ± 6.2  8.6 96.00  ± 8.4 8.7 74.50 ± 6.7 9.0 

0.010 80.30±6.2 7.7 76.64 ± 6.0 7.9 100. 90 ± 7.8 7.7 78.30 ± 6.3 8.1 

0.025 83.57±5.5 6.6 79.74 ± 5.8 7.2 102.24 ± 5.7 5.6 82.60 ± 5.3 6.4 

0.050 84.78±5.4 6.4 83.28 ± 5.5 6.6 104.16 ± 4.6 4.4 83.60 ± 5.2 6.2 

0.100 90.23±5.2 5.8 87.08 ± 4.6 5.3 105.27 ± 3.7 3.6 85.45 ± 4.8 5.7 
aAverage of 6 replicate analyses ± SD 
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FIGURE 3 
TIC of (a) blank cabbage, (b) cabbage matrix matched standard of spiromesifen and spiromesifen-enol at 

0.005 mg kg-1, (c) cabbage sample spiked with spiromesifen and spiromesifen-enol at 0.005 mg kg-1. 
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FIGURE 4 
TIC of (a) blank tomato, (b) tomato matrix matched standard of spiromesifen and spiromesifen-enol at 

0.005 mg kg-1, (c) tomato sample spiked with spiromesifen and spiromesifen-enol at 0.005 mg kg-1.  
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FIGURE 5 
Extracted ion chromatograms of (a) spiromesifen MRM transitions (ESI positive ion mode), (b) 

spiromesifen-enol MRM transitions (ESI negative ion mode). 

 

 
 

Matrix effect. The sample matrix can have a 
considerable effect on the analysis of pesticides and 
the quality of the results obtained. Matrix effect is 
caused by other components of the sample except 
the specific compound to be quantified [18]. The 
response of the analytes is affected by the co-
extractives that are present in the sample matrix 
[19]. To compensate matrix effect on the 
quantification of the analytes, matrix matched 
standards were used for computing the recovery 
percent. The matrix effect could be determined by 
analyzing solvent and matrix match standards of 
spiromesifen and spiromesifen-enol by LC-MS/MS. 
The percent matrix effect expressed as ME% was 
calculated by using the equation above. 

Matrix effect led to signal suppression of 
spiromesifen in cabbage (upto 37%) and tomato 
(upto 54%). For spiromesifen-enol matrix effect led 

to signal enhancement of nearly 18% in cabbage, 
whereas in tomato signal suppression was observed 
upto 41%. 

Measurement uncertainty. The combined 
uncertainties were computed by combining type A 
and type B uncertainty values. The coverage factor 
K=2 was used to obtain the uncertainties at 95% 
confidence level. The uncertainty values associated 
with analysis of spiromesifen and spiromesifen-
enol in cabbage and tomato are presented in the 
Table 3. The uncertainties of spiromesifen analysis 
in cabbage were in the range of 7.2-10.4% and 
spiromesifen-enol, 6.7-10.2%. The uncertainties of 
spiromesifen in tomato were in the range of 4.8-
10.3% and spiromesifen-enol, 7.0-10.7%. The 
uncertainties obtained were high at the low spiking 
concentration level and decreased when the spiking 
concentration increased. 
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TABLE 3 
Uncertainty of measurement in the analysis. 

 

Spiked 
level 
(mg kg-1) 

Uncertainty (%) 

Cabbage Tomato 

Spiromesifen Spiromesifen- enol Spiromesifen Spiromesifen-enol 

0.005 10.4 10.2 10.3 10.7 

0.010 9.3 9.5 9.3 9.7 

0.025 8.0 8.7 6.9 7.9 

0.050 7.8 8.0 5.6 7.6 

0.100 7.2 6.7 4.8 7.0 
 
 
Method application. The method validated 

for analysis of spiromesifen and spiromesifen-enol 
in cabbage and tomato was used for the analysis of 
these two compounds in the real samples. Cabbage 
and tomato samples (20 each) were collected from 
the retail markets of Bangalore city. The residues of 
spiromesifen and spiromesifen-enol were not 
detected in any of the samples. 

 
 

DISCUSSION AND CONCLUSIONS 
 

A method for the simultaneous quantification 
and confirmation of spiromesifen and spiromesifen-
enol using LC-MS/MS with electrospray ionization 
was developed and validated. The analytical 
method gave satisfactory results for both 
compounds in cabbage and tomato and found to be 
fit for the purpose. The LOD and LOQ of the 
analytical method for the analysis of spiromesifen 
and spiromesifen-enol were 0.0015 μg mL-1 and 
0.005 mg kg-1. Linearity was good with the relative 
coefficients >0.99 for both analytes. The average 
recoveries of spiromesifen and spiromesifen-enol in 
cabbage and tomato were found to be well within 
the prescribed analytical limits [16]. The suitability 
of the method developed and validated with the 
complete instrumental analysis was applied for the 
routine analysis of cabbage and tomato samples. 
The combination of the QuEChERS method and 
LC-MS/MS provided efficient sample preparation 
and analysis of the samples by two ion transitions 
that allowed the quantification and confirmation of 
the analytes simultaneously, thereby enabling the 
rapid monitoring of the real samples. 
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ABSTRACT 
 

Melia azedarach L. (Chinaberry) is fleshy 
fruited small to medium sized tree native to China 
and North Western India. It grows in Pakistan and 
Turkey in various areas facing great environmental 
changes to maintain its survival. The species is 
valued for its high quality wood, medicinal, 
ornamental and shade purposes. The present work 
was aimed to estimate the genetic variation among 
the populations of Melia azedarach that were 
collected from five different locations in Turkey 
and three different locations in Pakistan. 14 RAPD 
primers producing polymorphic and monomorphic 
bands were analyzed. Genetic distances were 
calculated for all the species studied by RAPD-
PCR. The lowest genetic similarity and the highest 
genetic polymorphic values were determined. It 
was observed that there is a clear split among 
populations from different areas in Turkey and 
Pakistan. These differences may be due to eco-
geographical association with genetic variation and 
should be conserved to retain the genetic diversity 
of the species. Appropriate conservation strategies 
were suggested in conclusion.  
 
 
KEYWORDS:  
Melia azedarach L., genetic diversity, conservation, 
RAPD-PCR, medicinal plant, environmental effect. 
 
 
INTRODUCTION 

 
M. azedarach, belongs to Meliaceae family 

commonly known as chinaberry, locally called 

bakine (Pakistan native), is a highly valuable tree 
and is recognized as a multipurpose medicinal 
plant[1, 2, 3 ]. Deciduous tree height up to 15 m (50 
ft) tall, twigs stout with purplish bark, dotted with 
buff-colored lenticels. Mature wood is used for 
furniture and agricultural implements, boxes, poles, 
and tool handles because of its resistance to 
termites, while immature wood and twigs are used 
as fuel wood. The species has been identified as a 
potential alternate pulpwood species [4]. It is 

reported by [5] in Flora of Turkey and East Aegean 
Islands, M. azedarach is a small tree with bipinnate 
leaves, ovate leaflets, fragrant flowers 10-20 mm in 
diameter. Its populations are restricted in small 
areas in Pakistan and in certain cities in Turkey 
naturally growing in Izmir, Adana, Hatay and also 
in Kocaeli [6]. M. azedarach adopt well in soils 
with sandy clay, good drainage, and deep soils with 
pH alkaline. It grows almost on hills up to the high 
elevation (700-1400 meters above sea level) rainfall 
600 to 2000 mm/year [7, 8, 9, 10]. 

Since many years in the result of socio-
economic changes, adverse environment, as well as 
mismanagement has generated lot of interest in the 
tropics for the conservation of plant genetic 
diversity studies [11]. Most species of perennial 
plants such as trees, under the ever changing 
environments, rely on the available genetic 
diversity for stability and survival. To understand 
the species population study of genetic structure 
needs much importance for their conservation, 
planning and sustainable management [12]. 
Nowadays scientific research has been focused 
significantly in the applications of molecular 
biology methods to conserve and use of molecular 
genetic resources of plants. Molecular techniques 
have been applied to understand the specific gene 
action, generate genetic maps and development of 
gene transfer techniques. These techniques have 
important roles in the field of phylogeny and the 
evolution of species. It has been applied to increase 
the understanding of genetic variation within and 
between the species, and molecular markers have 

DNA markers [13, 14]. Molecular markers are 
probes or specific primers which detect genomic 
locus, due to its presence distinguish the 
chromosomal trait as well as used to check the 
differences in the sequences of nucleic acid at 
particular location in the whole genome [15, 16].  

Genetic polymorphism is due to change in 
nucleotide base which alters the primer binding 
with in amplified region this leads the different loci 
products either present or absent [17]. RAPD 
(Random Amplified Polymorphic DNA) reported 
as first PCR based molecular markers to be applied 
in genetic variation analysis; it is one of the most 
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extremely used molecular techniques having 
simplicity, low cost and high speed. Thus RAPD 
markers have been used in many crops providing 
appropriate and rapid assessment of genetic 
diversity among different genotypes [17, 18, 19]. 
RAPD technique is usually applied to detect the 
viability of DNA among species and also among 
closely related individuals with in species, as well 
as used to detect the presence of variation in 
nucleotides arrangement with in DNA [20]. The 
genetic diversity maintenance is considered as an 
important tool for long-term survival and important 
response of populations to change in the 
environment [21]. Some reports are available about 
genetic variation of M. azedarach in community 
forests of West Java [22], and about plant recovery 
of cryopreserved apical meristem tips of M. 
azedarach using encapsulation/dehydration and 
assessment of their genetic stability [23]. [24] 
Studied with Melia volkensii populations and 
evaluated significant genetic differences with the 
use of RAPD markers to assess genetic diversity, 
appropriate conservation and management 
strategies. In present study the RAPD-PCR was 
used to characterize the genetic similarity and 
diversity among the populations of M. azedarach 

collected from different locations in Turkey and 
Pakistan to provide baseline information for 
establishment of conservation strategies for this 
species. 
 

 
MATERIALS AND METHODS 

 
Collection of the plant material. Leaf 

samples of M. azedarach were collected from the 
mature trees on random bases from five different 
locations in Turkey and three different locations in 
Pakistan. Among the natural distribution ranges in 
both countries Turkey (Adana, Istanbul, Kocaeli, 
Izmir, and Edirne) and Pakistan (Karachi, 
Hyderabad, and Khairpur Mirs). Samples were 
washed with distilled water and evaporated extra 
surface water at room temperature then stored at -
200C. The sites where these populations are located 
differ from each other in the terms of vegetation 
structure, soil and climate [25]. The map in fig 1. 
shows the M. azedarach collection points used for 
RAPD-PCR applications fig 2. shows the whole 
plant, leaves, stem and fruits. 

 
 

 
A: Adana, B: Izmir, C: Kocaeli, D: Istanbul, E: Edirne, F: Karachi, 
G: Hyderabad, H: Khairpur Mirs. :  Turkey locations : Pakistan locations : Capitals of the countries 

 
FIGURE 1  

The locations of M. azedarach samples collected from Turkey and Pakistan. 
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FIGURE 2 

Melia azedarach A. flowers, fruits and leaves, B. whole plant. 
 
 
DNA extraction, RAPD-PCR amplification. 

Leaf samples of M. azedarach were taken from -
200C, ground in liquid nitrogen and total genomic 
DNA was extracted with protocol and reagents 
followed by Sigma-Aldrich GenEluteTM Plant 
genomic DNA Mini-prep Kit. Total amount of 
DNA was quantified through Qubit® 2.0 
Fluorometer. Protocol fluorometer used  
Qubit buffer plus 1 Qubit reagent to prepare 
reaction buffer then 
buffer 10 

 of DNA sample 
quantified against standard. Nineteen primers 
table.1 (Thermo Scientific) were used for RAPD 
analysis; fourteen primers that produced clear and 

reproducible fragments were selected for further 
PCR reactions. The PCR reaction was performed 
with an initial denaturation steps one cycle of 15 
min at 94°C, followed by 44 cycles of 94°C for 1 
minute denaturation, 36°C for 1 minute annealing 
and 72°C for 2 minute extension followed by a final 
extension period of 5 minutes at 72°C. PCR was 
allowed to ensure full extension of all amplied 
products [24]. The amplifications were carried out 
in triplicate. PCR products and a 100-bp DNA 
ladder (Gene-On) were resolved electrophoretically 
in 1 % agarose gels co
bromide, and run at 100V for about 1 hr. RAPD 
banding patterns were visualized using UVP gel 
documentation system. 

 
 

TABLE 1  
Total number of RAPD markers applied for PCR amplification process. 

 
S No. RAPD 

marker 
Primer base pairs sequence   
5'-3' 

 

S No.  RAPD 
marker 

Primer base pairs sequence 
5'-3' 

 
01 OPAD-01 5'-CAAAGGGCGG-3' 11 OPC-14 5'-TGCGTGCTTG-3' 

02 OPU-07 5'-CCTGCTCATC-3' 12 OPC-13 5'-AAGCCTCGTC-3' 

03 OPU-05 5'-TTGGCGGCCT-3' 13 OPC-08 5'-TGGACCGGTG-3' 

04 OPU-03 5'-CTATGCCGAC-3' 14 OPC-06 5'-GAACGGACTC-3' 

05 OPN-05 5'-ACTGAACGCC-3' 15 OPC-05 5'-GATGACCGCC-3' 

06 OPN-02 5'-ACCAGGGGCA-3' 16 OPC-12 5'-TGTCATCCCC-3' 

07 OPF-14 5'-GGTGCGCACT-3' 17  OPA-02 5'-TGCCGAGCTG-3' 

08 OPF-05 5'-CCCGATCAGA-3' 18 OPC-19 5'-GTTGCCAGCC-3' 

09 OPC-18 5'-TGAGTGGGTG-3' 19 OPC-09 5'-CTCACCGTCC-3' 

10 OPC-15 5'-GACGGATCAG-3'    

 
 
Statistical Analysis. Polymorphism was 

observed in RAPD profiles included disappearance 
of a normal band and appearance of a new band 

comparing all samples with RAPD profiles. 
Amplified bands were scored as 1 (presence) or 0 
(absence). Only strong bands were scored for 
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analysis. The size and images of each amplification 
product were captured using the Vision Works LS 
Version 6.8 automatically estimated using a high 
resolution scan and digitalized images evaluated 
directly for RAPD analysis. The data was scored 
from the RAPD profiles through PAST version 
3.08,  were subjected to UPGMA cluster analysis to 
establish the relationship among the eight 
accessions selected from the different areas [32]. 
Genetic similarity coefficient among the different 
localities of M. azedarach was estimated through 
coefficient matrix [41].  The polymorphism 
percentage was estimated by dividing the number 
of polymorphic bands over the total number of 
amplified bands. 

 
 

RESULTS AND DISCUSSIONS 
 
This study focused towards genetic diversity 

and similarity among M. azedarach species of 
Turkey and Pakistan collected from eight different 
locations with the use of 14 RAPD primers with 
reproducible PCR bands. With the use of all 
primers 58.95% polymorphism was noted. The 
average number of total amplified polymorphic 
bands is found to be 20 were observed among all 

primers n=8 samples.  Highest number of 
polymorphic bands was 7 with the use of OPN-05 
in Adana samples. Highest 67.5% polymorphism 
was observed in Izmir samples. Among the primers 
highest 100% polymorphism was noted with the 
use of OPC-08, OPC-18 and OPN-02 primers. All 
monomorphic bands were observed with the use of 
OPAD-01 and OPF-14 markers.  The amplification 
products among 14 primers are shown in table-2 
represented as total scoring bands and % 
polymorphic bands. Mean±CI (mean±Confidence 
Interval) 55.74±4.65 % percentage of polymorphic 
bands was observed.  

Genetic similarity was calculated according to 
coefficient matrix method [41]. Similarity 
represented highest and lowest divergence values 
0.756 and 0.388 respectively. Highest difference 
was observed between Adana and Karachi, second 
most genetic divergence coefficient was observed 
between Adana and Hyderabad as shown in Table 
3. Highest similarity value was observed between 
Edirne and Kocaeli, second highest similarity 
coefficient was noted between Khairpur Mirs and 
Hyderabad. According to results genetic similarity 
ranged from 0.358 to 0.756, their net similarities 
with the mean value noted 0.644±0.210 (Table-3). 

 
 

TABLE 2 
Total number of amplified fragments, number and percentage of polymorphic bands in M. azedarach 

populations. PB: Polymorphic bands, %PB Percentage of polymorphic bands, Mean±CI: Mean 
±Confidence interval. 

 
 

S No. 
RAPD 
marker 

Annealing Temperature 
°C 

Total score P/B % PB 

01 OPAD-01 36°C 8 0 00 

02 OPU-07 36°C 27 19 70.37 

03 OPU-05 36°C 31 23 74.19 

04 OPU-03 36°C 25 17 68 

05 OPN-05 36°C 46 22 47.82 

06 OPN-02 36°C 10 10 100 

07 OPF-14 36°C  8 0 00 

08 OPF-05 36°C 35 12 34.28 

09 OPC-18 36°C 16 16 100 

10 OPC-15 36°C 12 4 33.33 

11 OPC-14  36°C ' 16 8 50 

12 OPC-13 36°C 13 5 38.46 

13 OPC-08 36°C 21 21 100 

14 OPC-06 36°C 17 11 64 

Total  285 168 58.95% 

Average Mean± CI 16.55±2.6 12±2.8 55.74±4.65% 
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TABLE 3 
Jaccard's similarity matrix of M. azedarach DNA samples, D Areas: Different Areas, ADA: Adana, IST: 
Istanbul, KOC: Kocaeli, IZM: Izmir, EDI: Edirne, KAR: Karachi, HYD: Hyderabad, KHA: Khairpur 

Mirs. 
 

 
 

 
 

FIGURE 3 
-group method genetic similarities for 8 different populations of M. 

azedarach based on 14 RAPD markers. 
 

 
According to UPGMA dendogram two main 

n 

and Hyderabad samples having DNA75% similar to 

Khairpur and Karachi 56% have genetic material 
resemble to each other similarly Hyderabad and 
Karachi 61% similar to each other as shown in 

samples highest genetic similarity was observed 
75.6% between Edirne and Kocaeli samples, Adana 
and Istanbul 60% resemble to each. It was 
evaluated that highest divergence in the genetic 
material was noted 75% between Karachi (Pak) and 
Adana (Turk) M. azedarach L plant species. 

In genetic variability studies dendrogram 
cluster analysis is an important consideration. 
RAPD data is used to construct dendrogram 
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revealed DNA markers based on genetic 
identification among the living organisms. In our 
study samples from Pakistan and Turkey has been 
investigated with the use of RAPD markers showed 
more than half percentage of polymorphism. M. 
azedarach DNA samples belongs to Turkey having 
great genetic diversity with the samples from 
different locations in Pakistan. The UPGMA 
dendogram based on the similarity matrix 
associated in to two major branches of clusters 
associations of Turkey and Pakistan.  Among these 
samples, Adana and Karachi DNA samples have 
highest genetic diversity. Genetic diversity of 
samples shows higher possibility allowing them 
more easily to adapt under gradual environmental 
variations. 

Plant species in different areas facing 
environmental challenges to maintain their survival 
influenced by genetic variability it contains in its 
DNA. Many factors can affect genetic diversity of 
plants like genetic drift; breeding system, 
distribution range and the way of seed disperse 
[33]. According to present results genome of the M. 
azedarach having great genetic diversity due to 
environmental conditions belongs to eight different 
areas in both countries. The major goal of 
maintenance of genetic diversity is the conservation 
programs, as the long-time survival of species in 
the changing environment [34]. For the assessment 
of genetic variability and study of phylogenic 
relationships within and among the plant 
populations RAPD can be considered as an 
essential tool. Many reports are available concerned 
with the determination of genetic variability with 
the use of RAPD markers [21, 23]. Populations 
prefer to adopt their local climates and change their 
genome according to the change in climatic 
conditions. As indicated in previous reports that 
different climatic factor effects on DNA and leads 
to produce different type of living organisms [35, 
36]. 

Our study have been supported by Yulianti, et 
al., [22], they applied RAPD markers to study the 
genetic variation of M. azedarach (Mindi) 
community forest in West Java and reported 19% 
polymorphism. Pandiyan et al., [37] reported 
42.39% polymorphism with the use of RAPD 
markers to study the genetic diversity analysis 
among Green gram genotypes. Genetic divergence 
among the samples of M. azedarach may be 
explained as a result of effects due to hydrophobic 
connection or climatic differentiation factors. 
Kamran, et al., [38] reported 60.8% genetic 
polymorphism with the use of RAPD primers to 
study the genetic diversity of Jatropha curcas L 
plants. These results justify that genetic 
polymorphism produced due to environmental 
factors and genetic parameters [39].   

This is the first molecular study splitting M. 
azedarach plant species facing two different 

climatic conditions in Turkey and Pakistan. 
However Yulianti, et al., [22] have worked using 
RAPD markers and found genetic variations among 
M. azedarach in forests of West Java Indonesia and 
having limited study in forest. Runo, et al., [24] 
studied Melia volkensii genetic structure collected 
from eastern and costal populations of Kenya.  
They reported genetic differences due to eco-
geographical effects on genome and suggested 
some conservation strategies of these populations. 
Dhillon et al., [40] have also worked on assessment 
of genetic diversity in Azadirachta indica A. Juss 
based on DNA fingerprinting in India and reported 
68.4% polymorphism with the use of RAPD 
markers. However present study has been extended 
among the populations of M. azedarach and it is 
also a comparative study in their genome that 
belongs to eight different locations of both 
countries. It has been evaluated that genetic 
diversity found among the plant species may be due 
to ecogeographical differences and variable 
climatic conditions between both countries.   

The plant species were collected from Kocaeli 
and Edirne were resemble to each other, having 
highest genetic similarity may be due to their 
similar geographical conditions. Karachi and Adana 
having highest divergence in genome may be 
because of different environmental conditions and 
adaptation against the climatic factors. It is reported 
that genotoxic effects of environmental chemical 
pollutants, causes genetic damage that can exist 
longer period [26]. Physical and chemical 
mutagenic factors due to different geographical 
localities cause irreversible DNA damages. UV, 
ionization radiations, high soil salinity and other 
chemical mutagens effects on the genome [27, 28, 
29]. For the conservation of plant genetic resources 
two strategies like in situ and ex situ should be 
applied. In situ implimentation is particularily 
difficult due to anthropogenic influence [30]. Ex 
situ conservation can be applied following various 
methods like seed storage, in vitro propagation, 
DNA storage, pollan storage, botanical gardens 
[31]. M. azedarach populations should be 
conserved separately because the mixing of 
populations may give rise to outbreeding 
depression, loss of adaptation or breakup of co-
adapted gene complexes, which should be avoided 
during  M. azedarach conservation. The results 
obtained from this study were the first to describe 
population genetic parameters for this species, and 
will provide valuable baseline information for the 
future population studies and management actions. 
Investigations are still not sufficient, it needs future 
applications to apply the other markers like SSR 
and RAPD and area of the collection of plant 
samples will be increased that will show great 
combination and more beneficial achievements. 
Different conservation strategies should be applied 
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to conserve the genome of the naturally growing M. 
azedarach populations. 

 
 
CONCLUSIONS 
 

Study of the genetic diversity of M. azedarach 
populations of both countries with the use of RAPD 
markers were presented in two different clusters of 
UPGMA dendrogram which indicates high genetic 
diversity. On the bases of study out comes 
environment has great effects on genome and it 
leads to genetic diversity. Among the studied 
populations Adana and Karachi locations showed 
highest genetic diversity, having DNA samples 
belong to two different climates of their respective 
countries (Table 3.). When compared with the other 
populations, and being medicinal plant we 
suggested that this populations should be primarily 
conserved. The conservation of M. azedarach in 
gene banks and botanical gardens is recommended 
for ex situ and in situ conservation. M. azedarach 
grows better in sandy clay, good drainage, and deep 
soils with acidic pH between 5.5-6.5, full sun and 
average water conditions and also the area should 
considered to be compatible with the ecological 
needs of the plant. 
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ABSTRACT 

 
Waste cooking oil was effectively deodorized 

and decolorized by 60Co -ray in the presence of H2O2. 
The existence of a synergetic effect on the 
deodorization and the decolorization was illustrated 
through UV/VIS spectrophotometry, FT-IR and 
sensory analyses, and the saponification performance 
of waste cooking oil was measured. Results showed 
that odor and color of waste cooking oil through a 
combined treatment of 60Co -ray/H2O2 were 
remarkably improved. Saponification analysis 
indicated that the color and performance of waste 
cooking oil met the requirements of soap production. 
The quality evaluation of the product suggested that 
the smell of the soap was light, the decontamination 
ability was fine and the skin felt well after cleaning. 
Additionally, according to a preliminary cost estimate, 
the combined process of 60Co -ray/H2O2 was more 
profitable and more feasible than the alone process 
using either 60Co -ray or H2O2. 
 
 
KEYWORDS:  
Waste cooking oil; deodorization; decolorization; 60Co -
ray/H2O2 

 
 
INTRODUCTION 

 
The enormous production of waste cooking oil 

(WCO) from restaurants and homes is a serious 
environmental problem around the world [1, 2]. 
These years, reutilization of the WCO as a resource 
has attracted worldwide attention. In some countries, 
the WCO has been used as environmental-friendly 
material in oleochemical industries, soap manufacture, 
and even animal husbandry [3]. The use of the WCO 
as a material not only reduces the production cost but 
also assists in the disposal[4]. However, the WCO has 
some shortcomings such as color depth and odor, 
which have hampered application of the WCO.  

There are many decolorization or deodorization 
methods, such as adsorption[5], electrochemical 
oxidation [6], TiO2 photocatalytic oxidation[7], 
UV/H2O2 [8],  coagulation [9], reverse osmosis [10], 
enzymatic decolorization [11] and so forth. These 
methods are efficient to deodorize or decolorize, but 
having some problems such as high-cost, low-yield, 
and destruction of some compositions [12, 13]. 

Gamma radiation is an effective technology for 
contaminant destruction, harmful residues in the 
system are fewer after irradiation, and processing 
time is short[14, 15]. The technology can efficiently 
degrade many bio-refractory materials, such as 
polyvinyl alcohol[16], cellulose[17] and 
polysaccharides[18]. Hydrogen peroxide, on the other 
hand, is widespreadly applied due to its strong 
oxidizing properties, environmentally friendly 
behavior, lower investment costs. These properties 
can be still enhanced in conjunction with the UV 
radiation[19] or gamma radiation[20]. Combining 
hydrogen peroxide and gamma radiation has been 
applied successfully in some environmental pollutant 
treatments [20-22]. However, the combining process 
has not been studied for deodorization and 
decolorization of the WCO.  

 It is, therefore, the purpose of this study to 
investigate the mechanism of deodorizing and 
decolorizing of the WCO with hydrogen peroxide and 
gamma radiation. Finally, cost analysis, sensory 
evaluation, FT-IR and saponification analysis for the 
WCO were also discussed. 

 
 

MATERIALS AND METHODS 

 
Materials.  Hydrogen peroxide (H2O2), 

Hydrochloric acid (HCl), potassium hydroxide 
(KOH), sodium hydroxide (NaOH), acetic acid 
(CH3COOH) and sucrose C12H22O11 were of 
analytical reagent grade. 

The WCO was obtained from a restaurant in 
Yulin, China. Because of the production background 
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of the employed WCO, it  be directly applied, 
and a series of pre-treatment processes were needed. 
Firstly, the WCO was filtrated in order to remove all 
suspended solid particles and food debris. Then, the 
WCO was heated at 75  and was washed with de-
ionized water at 75  (10 % of the WCO volume). 
After that, the WCO mixture was centrifuged at 1000 
rpm during 20 min to separate water-soluble salt 
impurities. Finally, the treated WCO was kept in a 
glass vessel and held under vacuum at 75  for 40 
min in order to eliminate water. 
 

Experimental procedure.  In order to study the 
synergy effect of 60 -ray and H2O2 on 
deodorization and decolorization of the WCO, a 
sequence of experiments were carried out, which ran 
as follows: 60Co -ray /H2O2, 60Co -ray alone and 
H2O2 alone. Above all, 50 ml of the treated WCO 
was placed in a 100 ml flask, and kept electric-heated 
thermostatic water bath (setting temperature: 30 to 
70 ) for 15 min. The experiment was initiated by 
adding the preset amount of H2O2 (0 to 0.9% by 
volume), then the mixture was exposed to gamma 
radiation doses of 0 to 9 kGy in a cobalt-60 irradiator 
and dose rate was 70 Gy/min, during the radiation 
procedure, the mixture was turned 360° ceaselessly. 
Finally, the treated WCO were stored in a clean, dry, 
air-tight container, in a cool dark place at room 
temperature for 140 days. Sensory analyses was 
carried out on the treated samples, immediately after 
experiment, and at orderly intervals of 2 weeks. 

 
Decolorization measurement.  The color was 

measured by a UV/Vis spectrophotometer at a wave-
length corresponding to the maximum absorbance of 
the WCO ( max=485 nm). The decolorization  
efficiency, D (%), was calculated by Equation(1): 

 

%100
0

0

A

AA
D t

                (1) 

Where D is decoloration efficiency, %; A0 and 
At is absorbance value before and after decoloration, 
respectively. 

 
Sensory analysis.  Sensory evaluation of the 

treated WCO was determined using 15 trained staff 
members[23]. The odor was depicted before and after 
treatment. Firstly, the numbered sample in capped test 
tube was handed over to each staff in isolated booths. 
Each evaluator scored for odor of the sample using a 
five point scoring method where: 5=like extremely; 
4=like moderately; 3=neither like nor dislike; 
2=dislike moderately; 1=dislike extremely. Scores 
above 3 showed the treated WCO was acceptable. 
The sensory evaluation was conducted at orderly 
intervals of 2 weeks. 
 

Response surface methodology.  The RSM was 
used to optimize the experiment process. Radiation 
dose (X1), H2O2 addition (X2) and temperature (X3) 
were considered to be the WCO property variables. 
Table1 presents the ranges and the levels of the 
factors in RSM.  

According to statistics theory, the three-factor, 
three-level Central Composite Design (CCD) 
experimental design consisted of 20 experimental 
runs. The experimental design is shown in Table 2.  

The experimental results were fitted according 
to Eq. 2 as a quadratic polynomial regression 
equation. 

 

(2) 

0 is the 
intercept term, i 

ij is the interaction effect; Xi and Xj are 
the variables, i and j are the index numbers for the 

 
 

TABLE 1 
Variables and levels. 

 

factors symbol 
coded levels 

-1.68 -1 0 1 1.68 

radiation dose(kGy) X1 1 3 5 7 9 

 H2O2(%) X2 0.1 0.2 0.3 0.4 0.5 

temperature( ) X3  30 40 50 60 70 
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TABLE 2 
Results of CCD experimental design. 

 
 

Saponification.  The WCO (2.0 g) was filtered 
at 40 , and the mass ratio of KOH to WCO was 1:2. 
Firstly, 20 ml of distilled water and 20 ml 1 N KOH 
were added gradually at 90 . After the mixture was 
stirred for 4 h, the addition of KOH became a quarter 
of the total. After 1 h, the WCO was emulsified. Then, 
one half amount of KOH was added, the rest of KOH 
was added after 2 hours. In the process, the mixture 
was constantly stirred, water evaporated was 
replenished constantly and pH kept at 9.5±0.5. When 
the sample changed from emulsified shape to solid, 
saponification was completed. A blank was executed 
under the same conditions. 
 

FT-IR spectroscopy.  FT-IR spectra of the 
WCO before and after treatment were recorded using 
a Fourier Transform Spectrometer (IR Prestige-21). It 
is used to investigate the component changes of 
treated and untreated WCO. The wavenumber range 
of the spectrometer is 4600 to 500 cm-1 using 100 
scans at 4 cm-1 resolution. 

 
Statistical analysis.  The design-expert (version 

8.0.6) software was used to design the response 

surface. In order to minimize the systematic error, 
Each sample measurement was replicated 3 times.  
The differences were less than 5%, and the results 
were subjected to the ANOVA analysis using the 
Origin8.0. 
 
 
RESULTS AND DISCUSSION 

 
Color and sensory evaluation.  In order to 

investigate whether a synergy effect of 60 -ray and 
H2O2 is operative in the deodorization and 
decolorization of the WCO, the experiments were 
operated (60Co -ray/H2O2, radiation alone and H2O2 
alone). The volume of the pretreated WCO was 50 ml, 
the pretreated temperature was 35 . H2O2 addition 
was 0.25, 0 and 0.25 ml for 60Co -ray/H2O2, H2O2 
alone and radiation alone process, respectively. 
Radiation doses was 5, 0 and 5 kGy for 60Co -
ray/H2O2, H2O2 alone and radiation alone process, 
respectively. The sensory evaluation score (S) and the 
decolorization efficiency (D) of the WCO in storage 
periods are illustrated in Fig. 1. 

run 
factors response values 

X1(coded) X2(coded) X3(coded) 
decolorization 
efficiency(%) 

sensory scores 

1 5(0) 0.3(0) 50(0) 81.36 4.13 
2 5(0) 0.3(0) 70(1.68) 75.66 3.03 
3 5(0) 0.3(0) 50(0) 88.25 4.88 
4 7(1) 0.4(1) 40(-1) 51.2 1.49 
5 7(1) 0.2(-1) 60(1) 92.23 2.08 
6 5(0) 0.1(-1.68) 50(0) 91.24 2.33 
7 5(0) 0.3(0) 30(-1.68) 44.10 2.52 
8 3(-1) 0.4(1) 60(1) 59.43 2.65 
9 5(0) 0.3(0) 50(0) 83.37 4.5 

10 3(-1) 0.2(-1) 60(1) 48.39 2.67 
11 3(-1) 0.4(1) 40(-1) 27.4 1.52 
12 7(1) 0.4(1) 60(1) 96.21 1.52 
13 3(-1) 0.2(-1) 40(-1) 56.3 1.6 
14 5(0) 0.3(0) 50(0) 89.41 4.63 
15 5(0) 0.5(1.68) 50(0) 81.09 3.18 
16 9(1.68) 0.3(0) 50(0) 73.59 1.42 
17 5(0) 0.3(0) 50(0) 85.77 4.3 
18 7(1) 0.2(-1) 40(-1) 84.71 1.15 
19 1(-1.68) 0.3(0) 50(0) 21.87 2.66 
20 5(0) 0.3(0) 50(0) 86.91 4.93 
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FIGURE 1  
Sensory evaluation score and decolorization efficiency of the WCO in storage periods. 

 
 
When the WCO was exposed to gamma ray 

radiation without H2O2, the decolorization efficiency 
was 9.8%. Under H2O2 oxidation, the decolorization 
efficiency was 18.9%. It is attractive to notice that in 
the combined system (60Co -ray/H2O2), the 
decolorization efficiency rose to 61.2%. The working 
together of H2O2 and radiation to produce an effect 
higher than the sum of their individual effects. 
Therefore, the synergy effect of 60 -ray and H2O2 
is operative in the decolorization of the WCO. The 
explanation could be, that gamma radiation can split 
H2O2 or H2O into ions and free radicals. The 
radiolysis processes can be described as following 
equation[24]: 

 
OHOH rays 222

 

OHeOHHOHOH aq
rays

232 ,,,,  

Simultaneously, hydrated electron will also act 
rapidly with H2O2 to produce OH radical. 

 
HOOHeOH aq22

 

OH radical is very sensitive to the colored 
materials, and the colored materials will be ruptured 
quickly when exposed to small quantity of the 
radicals[25]. Consequently, the increase in the 
decolorization efficiency would be ascribed to an 
increase in the radicals in the combined system.  

As storage time went by and the decolorization 
efficiency of all samples  showed a downward trend 
during storage. Lin (2009) reported that oil color 

became darker, it may have been because inactivation 
of the radicals occured and the reverse started with 
the storage time lasting[26]. However, the 
decolorization efficiency of the sample under the 
combined system was always highest.  

The sensory evaluation score of non-processed 
WCO was regarded as 0. Under individual H2O2 
oxidation, the score was 1.9; Under individual 
radiation process, the score was 1.05; Under the 
working together of H2O2 and radiation, the score 
rose to 3.05, which is highest of all. The score of all 
samples decreased with the storage time lasting. But 
the score of the sample under the combined system 
was always highest of all. Thus, the odor of the WCO 
can also be improved under the combined 60Co -ray 
and H2O2 treatment. It may have been because the 
degradation of odor materials might occur in the 
combined 60Co -ray and H2O2 treatment, as 
follows[27]: 

 
OHeOHHOHOH aq

rays
232 ,,,,  

OHHOOHH 222  

HOOHeOH aq22  

OHOH rays 222  

OHMOHM 2  

2HMHM  
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21 MMM  

Consequently, some odor materials (M) were 
broken down into the other materials (M1, M2) 
without terrible smell. The smell of the WCO was 
improved. With the storage time lasting, the reverse 
were taking over gradually, and odor materials were 
produced again, the smell of the WCO became 
terrible. 

 
Response surface test. 
Regression model.  The relations of three effect 

factors (radiation dose, H2O2 addition, and 
temperature) to decolorization and to deodorization 
were investigated by multiple regression analysis. 
According to the CCD experimental design, the 
results are shown in Table 2. The second order 
polynomial equations were gained to explain the 
experiment process. Eq. 3 and Eq. 4 represent the 
decolorization efficiency and the sensory evaluation 
score as a function of the coded units, respectively. 

 

2
3

2
2

2
132

3121321

93.836.023.1368.9

55.346.150.972.410.1681.85

XXXXX

XXXXXXXD   (3) 

2
3

2
2

2
132

3121321

84.084.001.110.0

15.0015.029.0081.031.083.4

XXXXX

XXXXXXXS  (4) 

Where D and S are the predicted values for the 
decolorization efficiency and the sensory evaluation 
score, respectively. X1, X2 and X3 are model terms that 
represent radiation dose, H2O2 addition, and 
temperature, respectively. It can be seen that the 
selected variables show significant effect on 
decolorization and deodorization of the WCO within 
the ranges tested. 

An analysis of variance (ANOVA) was carried 
out to gain sum of P values, F values, squares(SS), 
degrees of freedom (df) and mean squares (MS) by 
fitting the quadratic polynomial equation with the 
data of Table 2, and the results are showed in Table 3 
and Table 4.  

For decolorization efficiency, the Model F-value 
of 123.92 implies that the model is significant. There 
is only a 0.01% chance that a "Model F-Value" this 
large could occur due to noise. Values of "Prob>F" 
less than 0.0500 indicate model terms are significant. 
In this case X1, X2, X3, X1X3, X2X3, X1

2, X3
2 are 

significant model terms. That values are greater than 
0.1000 indicate the model terms are not significant. 
The "Lack of Fit F-value" of 0.84 implies the Lack of 
Fit is not significant relative to the pure error. Non-
significant lack of fit is good. The "Pred R-Squared" 
of 0.9622 is in reasonable agreement with the "Adj R-
Squared" of 0.9831. "Adeq Precision" measures the 

signal to noise ratio. A ratio greater than 4 is desirable. 
Adeq ratio of 36.716 indicates an adequate signal. 
Thus, decolorization efficiency model can be used to 
navigate the design space. 

For sensory evaluation, the Model F-value of 
15.06 implies the model is significant. There is only a 
0.01% chance that a "Model F-Value" that large 
could occur due to noise. Values of "Prob> F" less 
than 0.0500 indicate model terms are significant. In 
this case X1, X3, X1

2, X2
2, X3

2 are significant model 
terms. The Lack of Fit is not significant relative to the 
pure error. Adeq Precision of 10.345 indicates an 
adequate signal. So sensory evaluation model can be 
used to navigate the design space. 

 
Response surfaces and contour plots.  

Response surfaces and contour plots are universally 
applied to ascertain the optimum values and facilitate 
a better understanding of the interactions between 
variables. The interactions between the variables and 
responses are shown in Fig. 2. 

Figure 2a presents the effects of radiation dose 
(X1) and temperature (X3) on the decolorization 
efficiency while H2O2 addition (X2) was fixed at 
middle level. As we can see from the figure, the 
contour plot showed imperfectly elliptical. This 
demonstrates that there was less interaction between 
radiation dose and temperature. Furthermore, when 
the temperature was about 62 , the decolorization 
efficiency reached the maximum for a given radiation 
dose, while the temperature both lower and higher 
than 62  could lead to the decline of the 
decolorization efficiency. The trend was similar to the 
previous study[28]. A possible explanation may be 
that, for a lower temperature (below 62 ), an 
increase of the temperature reduced the WCO 
viscosity and augments the capacity of molecular 
diffusion, thus led to an quick performance in the 
decolorization reaction [29], whereas excess the value 
(above 62 ) would aggravate the lipid oxidation, 
compromise the decolorization efficiency .  

The effect of varying H2O2 addition (X2) and 
temperature (X3) on the decolorization efficiency is 
showed in Figure 2b. As seen here, with a fixed 
middle level of radiation dose, the decolorization 
efficiency exhibited a monotonic decline with the 
H2O2 addition increasing. The decline in 
decolorization efficiency as the H2O2 addition 
increases could be explained that too much H2O2 
addition bring about alternative oxidations, and new 
color substance was formed. thus leading to a decline 
of the decolorization efficiency[30]. In addition, the 
temperature played a more significant role in the 
response than the H2O2 addition from the contour plot. 
Consequently, increasing temperature was favorable 
for improving the color of the WCO. 
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TABLE 3 
Variance analysis for the established regression model of the decolorization efficiency. 

 

Source Sum of squares df Mean square F value Prob>F 

Model 9389.46 9 1043.27 123.92 < 0.0001 

X1 3537.96 1 3537.96 420.24 < 0.0001 

X2 304.25 1 304.25 36.14 0.0001 

X3 1232.29 1 1232.29 146.37 < 0.0001 

X1X2 17.02 1 17.02 2.02 0.1855 

X1X3 100.89 1 100.89 11.98 0.0061 

X2X3 749.43 1 749.43 89.02 < 0.0001 

X1
2 2521.08 1 2521.08 299.45 < 0.0001 

X2
2 1.89 1 1.89 0.22 0.6456 

X3
2 1149.41 1 1149.41 136.53 < 0.0001 

Residual 84.19 10 4.07   

Lack of fit 38.32 5 7.66 0.84 0.5759 

Pure error 45.87 5 0.19   

Cor total 9473.65 19    

R2=0.9911        R2
Adj=0.9831    CV=4.09% 

 
 

TABLE 4  
Variance analysis for the established regression model of the sensory evaluation score. 

 

Source Sum of squares df Mean square F value Prob>F 

Model 29.04 9 3.23 15.06  0.0001 

X1 1.34 1 1.34 6.27 0.0312 

X2 0.090 1 0.090 0.42 0.5312 

X3 1.18 1 1.18 5.52 0.0407 

X1X2 1.800E-003 1 1.800E-003 8.399E-003 0.9288 

X1X3 0.19 1 0.19 0.90 0.3660 

X2X3 0.088 1 0.088 0.41 0.5356 

X1
2 14.72 1 14.72 68.69 < 0.0001 

X2
2 8.28 1 8.28 38.63 < 0.0001 

X3
2 8.12 1 8.12 37.91 0.0001 

Residual 2.14 10 0.21   

Lack of fit 1.64 5 0.33 3.28 0.1089 

Pure error 0.50 5 0.10   

Cor total 31.18 19    

R2=0.9313        R2
Adj=0.8694    CV=16.19% 
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FIGURE 2 

Response surface curves and contour plots showing the effects of interactions of the factors on decolorization 
efficiency: (a) radiation dose and temperature, (b) H2O2 and temperature. 

 
 

TABLE 5 
Verification of the Model. 

 

run 
radiation 

dose(kGy) 
H2O2(%) temperature ( ) 

predicted value experimental value 

D(%) S D(%) S 
1 5.55 0.29 56 90.05 4.53 90.2 4.42 
2 5.6 0.30 56.5 90.24 4.52 89.9 4.58 

3 5.65 0.30 57 90.51 4.5 89.5 4.55 
The standard deviations 5% 

 
 
Optimization of WCO properties and model 

verification.  In this study, the optimal condition was 
obtained by using RSM. Optimal condition for the 
response at a radiation dose 5.58kGy was determined 
to be a H2O2 addition of 0.29% (v/v), and temperature 
56.33 . Under this optimal condition, the 
decolorization efficiency and sensory evaluation 
score were expected to be 90.21% and 4.52, 
respectively. To confirm the availability of the 

optimization process and the adequacy of the model, 
three sets of experiments were performed near the 
optimum conditions. Each set experiment was 
repeated three times. the decolorization efficiency and 
sensory evaluation score were obtained by using the 
optimal conditions, as shown in Table 5. The data 
from table 5 shows that the predicted and 
experimental values match well. The good agreement 
testifies the validity of the models for simulating the 
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decolorization and sensory evaluation process of the 
WCO with 60 -ray/H2O2 method. 

 
Feasibility analysis. 
Saponification value. The saponification value 

(SV) of the WCO was 190 mg/g. The SV above 185 
mg/g showed that the WCO sufficed for the 
manufacture of soap[31]. The SV of the processed 
WCO (under the optimal condition: radiation dose 
5.6kGy, H2O2 addition 0.29% (v/v) and temperature 
56.5 ) was 195 mg/g, that was higher than the 
unprocessed WCO. It was probably due to the fact 
that hydroxyl radicals disintegrated the 
macromolecules into micromolecules, and the fat 
molecules might interacted with each other [32]. 
However, the smaller molecular weight was, the 
larger saponification value was. Figure 3 presents that 
the soaps were made from the processed WCO. The 
quality evaluation of the products showed that the 
soaps had the fine decontamination ability, foam were 
moderate, the smell was light, and the skin felt well  
after cleaning. 

 
 

 
 

FIGURE 3 
The soaps from the processed waste cooking oil. 

 
 

Spectral analysis.  Fig. 4 presents the FT-IR 
spectra of the WCO under different conditions, the 
blue  line represents the unprocessed WCO, and the 
red line represents the treated WCO with 60 -
ray/H2O2 under optimal condition. The region of 1500 
cm-1 to 2000 cm-1 represents the double bond 
stretching region. As seen here, The band trend is 
much similar, but the band intensity of the treated 

WCO is weaker than the unprocessed WCO. This 
observation shows that the amounts of the double 
bond substance became less in the treated WCO. The 
most color organic compound have the structure of 
double bond, the color is eliminated after the double 
bond rupture[33]. It has been reported that the 
aldehydes and ketones in the WCO have sour odor 
[34]. The C=O double bond might rupture in the 
treated WCO, sour odor is removed. Therefore, the 
color and odor of the treated WCO was improved. 

Cost estimate.  Because the treatment effect the 
individual radiation process was not ideal, a 
comparison of the treatment costs of the WCO by the 
60Co -ray /H2O2 and the individual H2O2 process was 
studied. Considering acceptable saponification 
performance and sensory quality, the highest 
decoloration efficiency was 65% for the studied 
WCO, which was obtained by the individual H2O2 

process at room temperature, so the value was chose 
as the specified decoloration efficiency. The costs 
were made up of H2O2 chemical and gamma ray 
energy consumption. The unit expenditure of gamma 
ray and H2O2 (30%, AR) are 0.001319 dollars/ml, and 
0.0001905 dollar/ml[21], respectively. As shown in 
Table 6, the cost of the individual H2O2 process was 
0.0002638 dollars/ml, which was higher than the cost 
of the 60Co -ray/H2O2, 0.0001945 dollars/ml. 
Therefore, the 60Co -ray/H2O2 process was feasible 
for decoloration of the WCO. 

 
 

 
 

FIGURE 4 
Infrared spectrum of the waste cooking oil. 
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TABLE 6 
Cost estimate. 

 
Process  H2O2 (mL/mL) Irradiation (dollars/mL) Total Costs (dollars/mL) 

60Co -ray / H2O2 0.003 0.0001905 0.0001945 

H2O2
 0.2 0 0.0002638 

 
 

CONCLUSION 

 
Synergy effect of 60 -ray and H2O2 on 

deodorization and decolorization of waste cooking oil 
was visible. Taking the decolorization efficiency and 
sensory evaluation score into consideration, the 
optimal condition was determined on the basis of 
RSM tests, as follows: radiation dose 5.58kGy, H2O2 
addition 0.29%(v/v),  and temperature 56.33 . 
Under the optimal condition, the decolorization 
efficiency and sensory evaluation score increased to 
90.21% and 4.52, respectively.  The experimental 
results agreed very well with the predicted values 
from the models, with R2 value of 0.9911 (for 
decolorization) and 0.9313(for sensory evaluation). 
Under the 60 -ray/H2O2 treatment, odor and color 
of the WCO were improved. FT-IR analysis 
demonstrated the amounts of the double bond 
substance became less in the treated WCO, and it is 
possible that there is a definite relation between the 
decolorization and the amounts of the double bond 
substance. In addition, the cost of 60 -ray/H2O2 
method was more acceptable than the individual H2O2 

process. The soaps from the processed WCO had the 
fine decontamination ability, and the skin felt well 
after applying. 
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ABSTRACT 
 
Particulate matters (PM) are released from 

plants, workshops, power generation, residential 
heating and motor vehicle emissions etc. and cause 
heavy-metal pollution in urban ecosystems. PM 
accumulate on the leaves of higher plants growing 
along roadsides. Plant leaves can be used as 
bioindicators for the heavy-metal pollutants in 
urban environments. The possible sources of the 
PM can be identified using determination of their 
morphology, size and chemical composition. 
Platanus sp. is widely cultivated near the roadsides 
of Denizli, Turkey. In this study, we aimed to 
investigate the possible sources of the PM on the 
leaf of Platanus sp. using Field Emission Scanning 
Electron Microscope-Energy Dispersive 
Spectroscopy (FESEM-EDS) during 2013-2014. 
Leaves were collected from urbanized areas and a 
control region. The size distribution and the 
chemical composition of the PM showed some 
similarities and distinct differences in the study 
areas. These data suggested that investigated areas 
were mainly affected from anthropogenic activities 
and crustal sources depending on their locations. In 
conclusion, the results of this study are significant 
in helping understand the possible origins using 
chemical composition and size of the PM using 
FESEM-EDS. Also, roadside plants can be used as 
important bioindicators for the assessment of PM in 
the urban environment. 
 
 
KEYWORDS: 
Platanus sp., particulate matter, FESEM-EDS, air 
pollution 
 
 
INTRODUCTION 

 
Urbanization and industrialization can lead to 

heavy-metal pollution in urban ecosystems. 
Roadsides in urban and industrial areas are mainly 
affected by particular matters (PM) released from 
plants, workshops, power generation, residential 

heating and motor vehicle emissions etc. Hazardous 
chemicals may cause adverse effects on human 
health and the environment and are released into the 
environment by a number of natural and/or 
anthropogenic activities [1]. Hence, analysis of 
heavy-metal pollutants in urban environments has 
been of growing interest with the goal to identify 
the extent and content of PM. 

Plants can be used as useful bioindicators for 
the assessment of environmental pollution in soil 
and atmosphere of urban areas [2-5]. They have a 
great ecological importance and so on, have 
attracted attention of environmental investigations. 
In this respect, several studies were carried out 
using plants such as mosses and lichens [6-9] and 
higher plants [10-19] as bioaccumulators or 
bioindicators in environmental investigations. 

Plants are generally known to be in need of 
several major elements such as Phosphorus (P), 
Calcium (Ca), Magnesium (Mg) for their normal 
growth process. On the other hand, excessive 
amounts of these elements in soil may have toxic 
effects on the plants [20]. These elements are 
deposited in different parts of plants such as on leaf 
surfaces as PM. They can be originated from both 
soil and atmospheric pollution. The identification of 
the morphology and chemical composition of the 
PM on the leaves of plants may indicate the nature 
of contaminant present in the surrounding area and 
possible sources as well [21,22]. 

In general, Platanus sp., also known as planes 
or plane trees, is a large deciduous tree growing 20-
50 m, with a trunk up to 3 m or more in 
circumference. Platanus sp. is also widely 
cultivated trees near the roadsides of the city, 
Denizli. The city of Denizli, in the southwest corner 
of the Aegean Region of Turkey, is a fast growing 
and industrializing city with about 963464 
inhabitants within the extent of the municipal area. 
The major industries in the city are textile, leather, 
machinery, manufacturing and metal working 
industries. In this study, we purposed to find out 
elemental compositions and sizes of PM on the leaf 
surfaces of Platanus sp. collected in years 2013 and 
2014 along the roadsides of different locations with 
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varying degrees of high traffic and urbanization 
density. The controls were collected from Mount 
Honaz (the highest mountain in the Aegean Region) 
which was considered unpolluted area of Denizli 
city. Then, all samples were analyzed using Field 
Emission Scanning Electron Microscope-Energy 
Dispersive Spectroscopy (FESEM-EDS) 
techniques. 
 
 
MATERIALS AND METHODS 

 
Leaf samples of Platanus sp., including 

controls from Mount Honaz, were collected in 
September 2013 and June 2014 from five different 
regions of Denizli (Table 1). All of the leaf samples 
were taken from trees at a height of at least 2.2 m 
above the ground. The shade and air dried 
unwashed samples were dried in an oven at 60°C 
for 4 hours [23]. 

Portions of dried leaf samples were mounted 
on Aluminum (Al) stubs and coated with Carbon 
(C) before the analysis. The micrographs of the leaf 
samples were recorded using FESEM (Zeiss, Supra 
40VP) with accelerating voltage of 10 keV, at High 
Vacuum (HV) mode and Secondary Electron 
Detector (SE2). The quantification elemental 
analysis to identify the weight percentage of major 
and minor elements present in the samples was 
done using EDS.  

PM (particles 0.005<PM<100 μm in diameter) 
are classified according to its size: Ultrafine or 
PM0.1 (particles<0.1 μm in diameter); fine or 

5 μm in diameter); coarse or 
PM10 

suspended particles (TSP) (particles<40 μm) 

[24,25]. Investigation of element composition, size 
distribution and source apportionment can be useful 
to better understand and manage the effects of 
aerosols on health and air quality [26]. For this 
purpose, the calculation of the diameter of the 
particles on the leaf surfaces was performed with 
specific software on the micrographs of the leaf 
samples. 

 
 

RESULTS 
 
FESEM analysis of the morphology and size 

of the particles deposited on unwashed Platanus sp. 
leaf surfaces was performed, and it was observed 
that these particles were in irregular forms on the 
samples collected in both years. They were found in 
both single and clustered particles on the leaf 
surfaces. However, there were not a lot of PM on 
the leaf surfaces of control when compared to the 
samples collected from polluted areas (Figure 1). 

Chemical species concentrations of PM. The 
FESEM-EDS analysis was made from samples 
collected from different regions in both years. 
FESEM micrograph illustrated the accumulation of 
the different sized (diameters ranging from 
approximately 1 to 45 μm) particles on the leaf 
surfaces collected along the roadsides of urbanized 
area. In addition, EDS analyses showed that there 
were distinct differences and also some similarities 
in the elemental composition of the particles. The 
representative FESEM images and the EDS 
spectrums of one of the investigated areas are 
presented in Figure 2. 

 

 
TABLE 1 

Description of locations of leaves sampled in Denizli, Turkey. 
 

Region 
no. 

Region 
name 

Distance from the city center Remarks 

1 Kayalar About 4 km west of the highway 
entering the city 

Has heavy vehicular traffic emissions and 
industrial activities 

2 Ucgen In center Has heavy vehicular traffic emissions and 
other anthropogenic activities 

3 Ulus About 2 km Has heavy vehicular traffic emissions and 
other anthropogenic activities 

4 Campus About 3 km Has vehicular traffic emissions, construction 
of new buildings and other anthropogenic 

activities 

5 Honaz About 20 km east of downtown 
Denizli 

Near the organized industrial zone and has 
other anthropogenic activities 

Control Honaz 
Mountain 

About 17 km southeast of Denizli 
city 

Unpolluted area 
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FIGURE 1 
FESEM micrographs of particles deposited on the surfaces of Platanus sp. leaves, in Kayalar (a), 

Ucgen (b), Ulus (c), Honaz (d), and Campus (e) in 2013 and Control (f) in 2014 at 1000X magnification. 
Note that there is no much more PM in control compared with the other regions. 

 
 

The weight percentages of the elements in the 
particles of the samples obtained from EDS 
analysis were exhibited some differences in terms 
of sample collection time and/or regions in both 
years (Table 2; Figure 3). According to the 
analyses; 
1) In Kayalar; C and Ca contents decreased, while 
Silicon (Si), Al, Iron (Fe), Mg, Sodium (Na), 
Potassium (K) and Sulfate (S) contents increased in 
2014. Oxygen (O) contents were almost the same in 
both years. 
2) In Ucgen; Si, Al, Ca, Mg, K, Ca and S contents 
decreased, but C, Fe and Na contents increased in 
2014. The O content was almost the same for both 
years.  

3) In Ulus; O and C contents decreased, whereas Si, 
Al, Fe, Mg, Na, K and S contents increased in 
2014. 
4) In Honaz; O, Al, Mg, Na, K and Ca contents 
decreased however C, Si, Fe and S contents 
increased in 2014. 
5) In Campus; C and Na contents decreased, but O, 
Al, Fe, Mg, K, Ca and S contents increased in 2014. 
Si contents of particles were almost the same in 
both years.  
6) In Mount Honaz (control); Na, Flour (F), S, 
Chlorine (Cl), Copper (Cu), Nitrogen (N), P, 
Chromium (Cr), Arsenic (As) and Tungsten, also 
known as Wolfram (W), detected on the 
contaminated leaves were not detected. 
Interestingly, the alkaline earth element Mg is 
higher in the control than in all other samples. 



© by PSP  Volume 25  No. 7/2016, pages 2393-2403  Fresenius Environmental Bulletin  

2396 

 
 

FIGURE 2 
FESEM micrographs showing diameters of some deposited particles at 1000X magnification and the 

representative EDS spectrums of three particles (ranging from 1.965-
surfaces of the collected samples from Honaz in 2013 and 2014. 

 
 

The C contents of the particles represented 
remarkable changes as increasing and decreasing 
values in all regions in the years. A remarkable 
increase in Ucgen and Honaz and a remarkable 
decrease in Kayalar, Ulus and Campus were 
observed. In Ucgen, the small amounts of Cu and 

As were found in 2013, and the small amounts of N 
and P were found in 2014. The Cl was detected on 
the samples of Kayalar, W was detected on the 
samples of Ulus, and F was detected in Honaz in 
2013. The heavy metal Cr was present only in the 
samples of Kayalar in 2014. 
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FIGURE 3 
Comparative percentages (% weight) of the elements on the leaves collected from study regions in 

2013 and 2014. Note that some of the elements analyzed exhibited decrease and increase in percentages, 
some are completely absent in some regions of the study area. 
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TABLE 2 
 

FESEM-EDS analytical data (average wt. %) on particles constituting on leaves of Platanus sp. 
collected in September, 2013 and June, 2014 from the study area with controls. 

 

Elements Years Kayalar Ucgen Ulus Honaz Campus Control 

O 2013 31.730 31.527 38.190 48.287 32.880 
2014 31.380 31.190 24.143 30.123 37.153 20.073 

C 2013 51.630 53.033 46.463 19.960 52.133 
2014 38.073 60.743 28.790 43.417 31.627 45.087 

Si 2013 1.237 2.460 0.730 11.267 9.823 
2014 4.107 0.747 6.527 17.620 9.013 4.247 

Al 2013 0.330 0.903 0.470 7.703 4.093 
2014 1.593 0.260 1.257 3.400 4.547 1.510 

Fe 2013 0.370 0 0.227 1.317 0.387 
2014 8.077 0.027 3.677 2.537 1.623 2.520 

Mg 2013 0.227 0.710 0.250 0.987 0.477 
2014 1.110 0.473 0.577 0.417 1.097 4.597 

Na 2013 0 0.050 0 0.187 0.203 
2014 0.083 0.153 0.103 0 0.150 0 

K 2013 0 0.213 0 3.017 0 
2014 0.273 0 0.390 1.380 1.750 0.237 

Ca 2013 13.827 10.883 13.623 6.650 0 
2014 12.487 4.083 34.460 0.600 13.013 21.723 

F 2013 0 0 0 0.627 0 
2014 0 0 0 0 0 0 

S 2013 0.353 0.113 0 0 0 
2014 0.460 0.050 0.067 0.513 0.023 0 

Cl 2013 0.293 0 0 0 0 
2014 0 0 0 0 0 0 

Cu 2013 0 0.003 0 0 0 
2014 0 0 0 0 0 0 

N 2013 0 0 0 0 0 
2014 0 2.240 0 0 0 0 

P 2013 0 0 0 0 0 
2014 0 0.033 0 0 0 0 

Cr 2013 0 0 0 0 0 
2014 2.360 0 0 0 0 0 

As 2013 0 0.103 0 0 0 
2014 0 0 0 0 0 0 

W 2013 0 0 0.043 0 0 
2014 0 0 0 0 0 0 

 
 
Size distributions.  Figure 4 represents the 

average concentrations of the chemical elements in 
the PM of different diameter deposited on the 
leaves in all regions. One group of elements (such 
as C and S) was present in high percentages in the 
PM2.5 particles. Some of metals had higher 
percentages in the PM10 particles. These were K, 

Cu, N and W. The high percentages obtained for O, 
Si, Al, Fe, Mg, Na, Ca, F, Cl, P, Cr and As in the 
TSP (Figure 4). It was remarkable that the average 
trace metal concentrations were highest at industrial 
and traffic hotspots by even one order of magnitude 
in the cases of Cr, As, W and Cu. 
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FIGURE 4 
The average concentration distribution of the individual elements according to size fraction from all 

regions in both years. 
 
 

DISCUSSION 
 
Tree leaves can be used to perform FESEM-

EDS analysis for air pollution monitoring [22]. In 
this study, the analyses were carried out in order to 
examine the shape, size and elemental composition 
of the particles on the leaf surfaces of Platanus sp. 
which were collected from urbanized regions of 
Denizli using FESEM-EDS. 

In the previous studies, it has been shown that 
TSP is rich in Fe [27,28], Al, Mg [28,29], Si, P, Cr 
[29] and Ca [28]. It has been suggested that Mg, Al, 
Si, P and Cr could be originated from soil or road 
dust [29] and Ca, Mg and Al could be related with 
dust resuspension [28]. Besides, Toma . 
[30] reported that soil dust mainly contained Si, Al, 
Fe, Mg, N, S, Ca, K and Cl. In this study, we found 
Si, Al, Fe, Mg, Na, Ca, F, Cl, P, As, Cr, K, C, S and 
N in TSP. According to the data of previous 
studies, we can suggest that Si, Al, Fe, Mg, Ca, P 
and Cr containing TSP found on the leaf surfaces of 
Platanus sp. may be originated from soil or road 
dust.  

P is emitted from different sources (such as 
emissions from dust and sea-salt transport, volcanic 
eruptions, biogenic sources and combustion of 
fossil fuels, biofuels and biomass) [31]. As can be 
released from natural sources (such as wind-blown 
soil and volcanoes) as well as being released from 
anthropogenic sources (such as nonferrous metal 
mining and smelting, pesticide application, coal 
combustion, wood combustion and waste 
incineration) 
(http://www.atsdr.cdc.gov/toxprofiles/tp2-c6.pdf). F 
can be found in air, water, plants and animals, and 
are also naturally-occurring component of rocks 
and soil, and it can be released from anthropogenic 
factors (such as combustion of fluorine-containing 
materials, coal-fired power plants) and natural 

sources (such as volcanic emissions and the 
resuspension of soil by wind) 
(http://www.atsdr.cdc.gov/toxprofiles/tp11-c6.pdf) 
[32]. Cl can be originated from incineration of 
organohalide polymer wastes [33]. In the present 
study, P containing TSP in 2014 and As containing 
TSP in 2013 in Ucgen (has heavy vehicular traffic 
emissions and other anthropogenic activities) may 
be related with coal combustion, soil dust or 
pesticide application. TSP, which contains F and 
Cl, were detected only in Honaz and in Kayalar in 
2013, respectively. Because these areas are close to 
the organized industrial (Honaz) and the municipal 
waste incineration zone (Kayalar), and have another 
anthropogenic activities, presumably, F and Cl 
contents in TSP can be originated from soil dust or 
anthropogenic factors and from incineration of 
organohalide polymer wastes, respectively. 

Karanasiou et al. [34] found Al, Fe, Cu and Cr 
in PM10, which were originated from soil dust or 
mechanical abrasion processes. Lough et al. [35] 
reported that PM10 contained crustal elements such 
as Si, Fe, Ca, Na, Mg, Al and K, and tailpipe 
emissions and brake and tire wear related elements 
such as Cu, Zn, Sb, Ba, Pb and S. Ca, Mg, Fe and 
Al were found as most abundant elements in TSP 
and PM10, and Ca, Mg and Al were estimated to be 
originated from resuspension of dust [28]. Zhang et 
al. [36] also reported that C-dominant particles 
(average diameters of 8.43 μm) were formed from 
unburned coal. In the present study, K, Cu, N, W, 
C, Al, Ca, S, Si, Fe, Mg and F were detected in 
PM10. It has been suggested that PM10 can be 
formed from soil dust, mechanical abrasion 
processes, tailpipe emissions, brake and tire wear, 
dust resuspension and unburned coal in the 
urbanized areas in Denizli. These results showed 
similarities with the data which inform that PM10 
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usually contain crustal materials and fugitive dust 
from roads and industry [37]. 

In the atmosphere, three forms of N are of 
special importance. These are; a: NOX (oxidized N; 
as an unnecessary waste product of combustion 
processes, such as traffic and industries), b: NH3 
(reduced N; from agricultural practices) and c: N2O 
(from soils nitrification and de-nitrification 
processes) [38]. In this study, N was found highly 
in PM10 in 2014, in Ucgen. This may be released 
from traffic, industries and soils nitrification and 
de-nitrification processes. 

W is one of the rare elements. It can be 
released to the atmosphere either naturally as wind-
blown dusts or from anthropogenic processes such 
as ore processing, hard-metal fabrication, tungsten 
carbide production and use, and municipal waste 
combustion 
(http://www.atsdr.cdc.gov/toxprofiles/tp186-
c6.pdf). In this study, W was detected on the leaf 
samples as an accumulated PM in Ulus in 2013, and 
it indicates the possibility of soil contamination 
originated from natural sources. 

It has been shown that PM2.5 can be rich in Fe 
[34,39,40], Al [34,40] and Na [40]. Together with 
these elements, Ca, K, Mg and Ti were considered 
as crustal origin elements [41]. Also, the origin of 
Al and Fe was estimated as soil dust or mechanical 
abrasion processes [34]. Additionally, mineral, 
organic and elemental C were described as most 
important components present in the PM2.5, and 
the main source of these particles was suggested as 
heavy fuel combustion, traditional brick 
production-agricultural burning, crustal, road traffic 
and secondary organic aerosols [42]. Besides, C 
rich particles were described as soot by Toma
et al. [30]. In the present study, C, S, Si, Fe, Mg, 
Al, Na, K and Ca in PM2.5 on the leaf surfaces of 
Platanus sp. were observed. Fe, Al, Si, Mg, S, Na, 
K and Ca containing PM2.5 may be related with 
soil dust or mechanical abrasion processes, and C 
rich PM2.5 can be related with crustal sources, road 
traffic and secondary organic aerosols or suggested 
as soot emitted from heavy fuel combustion.  

Besides, S formed by sulfur dioxide emissions 
from power plants and industrial facilities 
(http://www.epa.gov). Toma . [30] and 
Lough et al. [35] reported that there was K in soil 
dust. Ca can be emitted from cement, iron and steel 
plants, and coal combustion in domestic and 
industrial boilers [43]. It has been also 
demonstrated that the geological dust contains high 
Ca [44]. In this study, S, K and Ca were detected in 
study areas having heavy vehicular traffic 
emissions, industrial activities, construction of new 
buildings and other anthropogenic activities. In the 
light of previous studies, the origins of S, K and Ca 
can be speculated to be coal combustion, power 
plants and industrial facilities; soil dust; industrial 

activities and coal combustion in domestic boilers, 
respectively. 

In addition to all, it should be noted that the 
dust deposition on leaves may have physical and 
chemical phytotoxic effects on plants [45]. Coating 
with dust of the leaves may cause abrasion and 
radiative heating and reduce the photosynthetically 
active photon flux. Also, while other materials may 
be taken up across the cuticle, leaf surface injury 
may occur in the presence of acidic and alkaline 
materials [46]. For instance, opening and closing of 
stomata hindered by the presence of nutrition 
elements (Ca, Fe, Mg, K and Mn) on foliage 
surface [47]. Even though P is known as an 
essential element for plant growth, internal 
precipitation of P by Al inhibits plant growth [48]. 
Additionally, it has been shown that airborne 
pollutants may influence leaf elemental 
composition of Quercus ilex L. leaves [49]. The 
effects of F on vegetation have been also known for 
many years. It has been reported that F from the air 
can be adsorbed to the surface of leaves and 
accumulated internally, and it can be translocated 
both outward to the surface and upward to the tips 
[50]. Some plants accumulating high levels of F in 
their leaves exhibit acute necrosis, chlorosis or both 
[51]. Cr has toxic effects on plant growth and 
development (such as alterations in the germination 
process and in the growth of roots, stems and 
leaves), deleterious effects on photosynthesis, water 
relations and mineral nutrition, and causes 
metabolic alterations by a direct effect on enzymes 
or other metabolites or by generating reactive 
oxygen species (oxidative stress) [52]. 

It has been also reported that combustion 
emissions cause over half of the fine particle 
(PM2.5) air pollution and most of the primary 
particulate organic matter [53]. The chemical and 
structural characterization of airborne PM is of 
great importance in the evaluation of possible risk 
to human health and the identification of pollution 
sources [54]. Personal exposures to airborne 
particles between various combustion emissions 
and other sources [including vehicles (e.g., diesel 
and gasoline vehicles), heating and power sources 
(e.g., including coal, oil, and biomass), indoor 
sources (e.g., cooking, heating, and tobacco 
smoke), secondary organic aerosols and pollutants 
derived from long-range transport] may cause 
oxidative and DNA damage that can lead to 
reproductive and cardiovascular effects [53]. It has 
been reported that in general, <PM10 size fractions 
have the highest toxicity, contain higher 
concentrations of extractable organic matter, and 
possess a relatively high radical-generating capacity 
[55]. Exposure to ambient metals like Nickel (Ni), 
Vanadium (V), and Zinc (Zn) and Elemental 
Carbon (EC) from heating oil and/or traffic at levels 
characteristic of urban environments may be 
associated with respiratory symptoms (such as 
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wheeze and cough) among very young children 
[56]. Larger PM (larger than 10 μm) can irritate the 
eyes, nose and throat, but do not usually reach the 
lungs, while the particles less than 10 μm can be 
inhaled deep into the lungs 
(http://www.cwru.edu/med/epidbio/mphp439/partm
atter_cordis.pdf; 
http://www.ehib.org/page.jsp?page_key=90). Short- 
and long-term exposures to air pollution affecting a 
number of different systems and organs, such as 
minor upper respiratory irritation, chronic 
respiratory and heart disease, lung cancer, acute 
respiratory infections in children and chronic 
bronchitis in adults, aggravating pre-existing heart 
and lung disease, or asthmatic attacks, caused 
premature mortality and reduced life expectancy 
[1]. 

The results of this study are significant in 
helping understand the possible origins using 
chemical composition and size of the PM which are 
known to have the deleterious effects on the health 
of human and plant in Denizli, Turkey and in 
improving our understanding of the true picture of 
particle sources and composition in different 
regions.  

 
 

CONCLUSIONS 
 
In summary, FESEM-EDS analysis of some 

PM on the leaves of Platanus sp. in various regions 
of Denizli in 2013-2014 showed that; 
1) Particle size differences (approximately from 1 
to 45 μm) mainly depend on its origin. 
2) Particularly, study areas (Kayalar, Ucgen, Ulus, 
Campus and Honaz) were influenced by 
anthropogenic activities, such as vehicular emission 
and local industrial activities or crustal matters.  
3) FESEM-EDS is a useful technique for the 
determination of the size and the chemical 
compositions of the PM. 
4) Roadside plants could be used as important 
bioindicators for the assessment of PM in the urban 
environment. 

 
 

ACKNOWLEDGEMENTS 
 
The works of analysis were conducted at 

Pamukkale University Electron Microscope Unit 
(PAUEMB), Kinikli-Denizli, Turkey. A part of the 
m 2nd International 
Conference on Environmental Science and 

, Side, Antalya, 
Turkey, 2014. 

 
 
 
 
 

REFERENCES 
 

[1] Kampa, M. and Castanas, E. (2008) Human 
health effects of air pollution. Environ. Pollut., 
151(2), 362 367. 

[2] Gautam, P., Blaha, U. and Appel, E. (2005) 
Magnetic susceptibility of dust-loaded leaves 
as a proxy of traffic-related heavy metal 
pollution in Kathmandu City, Nepal. Atmos. 
Environ., 39(12), 2201 2211. 

[3] Madejón, P., Marañón, T., Murillo, J.M. and 
Robinson, B. (2004) White poplar (Populus 
alba) as a biomonitor of trace elements in 
contaminated riparian forests. Environ. Pollut., 
132(1), 145 155. 

[4] Mingorance, M.D. and Oliva, S.R. (2006) 
Heavy metals content in N. oleander leaves as 
urban pollution assessment. Environ. Monit. 
Assess., 119(1-3), 57 68. 

[5] Rossini, O.S. and Mingorance, M.D. (2006) 
Assessment of airborne heavy metal pollution 
by aboveground plant parts. Chemosphere, 
65(2), 177 182. 

[6] Giordano, S., Adamo, P., Sorbo, S. and 
Vingiani, S. (2005) Atmospheric trace metal 
pollution in the Naples urban area based on 
results from moss and lichen bags. Environ. 
Pollut., 136(3), 431 442. 

[7] Jalkanen, L., Mäkinen, A., Häsänen, E. and 
Juhanoja, J. (2000) The effect of large 
anthropogenic particulate emissions on 
atmospheric aerosols, deposition and 
bioindicators in the Eastern Gulf of Finland 
Region. Sci. Total Environ., 262(1-2), 123
136. 

[8] Riget, F., Asmund, G. and Aastrup, P. (2000) 
The use of lichen (Cetraria nivalis) and moss 
(Rhacomitrium lanuginosum) as monitors for 
atmospheric deposition in greenland. Sci. 
Total Environ., 245(1-3), 137 148. 

[9] Szarek-  and 
Braniewski, S. (2002) Heavy metal 
concentration in the moss Pleurozium 
schreberi 
Changes during 20 years. Environ. Monit. 
Assess., 79(3), 231 237. 

[10]  and (2008) 
Pyracantha coccinea Roem. (Rosaceae) as a 
biomonitor for Cd, Pb and Zn in Mugla 
Province (Turkey). Pak. J. Bot., 40(4), 1767
1776. 

[11] Aksoy, A., Sahin, U. and Duman, F. (2000) 
Robinia pseudo-acacia L. as a posssible 
biomonitor of heavy metal pollution in 
Kayseri. Turk. J. Bot., 24, 279 284. 

[12] Aksoy, A. and Demirezen, D. (2006) Fraxinus 
excelsior as a biomonitor of heavy metal 
pollution. Pol. J. Environ. Stud., 15(1), 27 33. 

[13] Aksoy, A. and Öztürk, M.A. (1997) Nerium 
oleander L. as a biomonitor of lead and other 



© by PSP  Volume 25  No. 7/2016, pages 2393-2403  Fresenius Environmental Bulletin  

2402 

heavy metal pollution in Mediterranean 
Environments. Sci. Total Environ., 205(2-3), 
145 150. 

[14] Aksoy, A. and Sahin, U. (1999) Elaeagnus 
angustifolia L. as a biomonitor of heavy metal 
pollution. Turk. J. Bot., 23, 83 87. 

[15] Celik, A., Kart
Kaska, Y. (2005) Determining the heavy metal 
pollution in Denizli (Turkey) by using Robinio 
pseudo-acacia L. Environ. Int., 31(1), 105
112. 

[16] Dongarrà, G., Sabatino, G., Triscari, M. and 
Varrica, D. (2003) The effects of 
anthropogenic particulate emissions on 
roadway dust and Nerium oleander leaves in 
Messina (Sicily, Italy). J. Environ. Monitor., 
5(5), 766 773. 

[17] Hodson, M.J. and Sangster, A.G. (1998) 
Mineral deposition in the needles of white 
spruce [Picea glauca (Moench.) Voss]. Ann. 
Bot., 82(3), 375 385. 

[18] Keskin, N. and Ili, P. (2012) Investigation of 
particular matters on the leaves of Pinus nigra 
Arn. subsp. pallasiana (Lamb.) Holmboe in 
Denizli (Turkey). Pak. J. Bot., 44(4), 1369
1374. 

[19]  
and Ozturk, M. (2006) Use of Aesculus 
hippocastanum L. as a biomonitor of heavy 
metal pollution. Pak. J. Bot., 38(5), 1519
1527. 

[20] Agrios, G.N. (2005) Plant Pathology (fifth 
edition). Elsevier Academic Press, California. 

[21] Campos-Ramos, A., Aragón-Piña, A., 
Galindo-Estrada, I., Querol, X. and Alastuey, 
A. (2009) Characterization of atmospheric 
aerosols by SEM in a rural area in the western 
part of México and its relation with different 
pollution sources. Atmos. Environ., 43(39), 
6159 6167. 

[22] Ram, S.S., Majumdar, S., Chaudhuri, P., 
Chanda, S., Santra, S.C., Maiti, P.K., 
Sudarshan, M. and Chakraborty, A. (2012) 
SEMEDS: An important tool for air pollution 
bio-monitoring. Micron 43(2-3), 490 493. 

[23] Ramamurthy, N. and Kannan, S. (2009) SEM-
EDS analysis of soil and plant (Calotropis 
gigantea Linn) collected from an industrial 
village, Cuddalore DT, Tamil Nadu, India. 
Rom. J. Biophys., 19(3), 219 226. 

[24] Particulate Air Pollution (2015) 
http://www.carexcanada.ca/en/particulate_air_
pollution/#sources. 

[25] Shen, G., 2014. Emission Factors of 
Carbonaceous Particulate Matter and 
Polycyclic Aromatic Hydrocarbons from 
Residential Solid Fuel Combustions. Springer 
Theses, DOI: 10.1007/978-3-642-39762-2_2, 
Springer-Verlag Berlin Heidelberg. 

[26] Hu, X., Ding, Z., Zhang, Y., Sun, Y., Wu, J., 
Chen, Y. and Lian, H. (2013) Size distribution 
and source apportionment of airborne metallic 
elements in Nanjing, China. Aerosol Air Qual. 
Res., 13(6), 1796 1806. 

[27] Allen, A.G., Nemitz, E., Shi, J.P., Harrison, 
R.M. and Greenwood, J.C. (2001) Size 
distributions of trace metals in atmospheric 
aerosols in the United Kingdom. Atmos. 
Environ., 35(27), 4581 4591. 

[28] Loyola, J., Arbilla, G., Quiterio, S.L., 
Escaleira, V. and Bellido, A.V. (2009) 
Concentration of airbone trace metals in a bus 
station with a high heavy-duty diesel fraction. 
J. Brazil. Chem. Soc., 20(7), 1343 1350. 

[29] Petaloti, C., Triantafyllou, A., Kouimtzis, T. 
and Samara, C. (2006) Trace elements in 
atmospheric particulate matter over a coal 
burning power production area of Western 
Macedonia, Greece. Chemosphere, 65(11), 
2233 2243. 

[30] Toma
 (2005) 

Characterization of trace metal particles 
deposited on some deciduous tree leaves in an 
urban area. Chemosphere, 61(6), 753 760. 

[31] Wang, R., Balkanski, Y., Boucher, O., Ciais, 
P., Peñuelas, J. and Tao, S. (2015) Significant 
contribution of combustion-related emissions 
to the atmospheric phosphorus budget. Nat. 
Geosci., 8, 48 54. 

[32] Ando, M., Tadano, M., Asanuma, S., Tamura, 
K., Matsushima, S., Watanabe, T., Kondo, T., 
Sakurai, S., Ji, R., Liang, C. and Cao, S. 
(1998) Health effects of indoor fluoride 
pollution from coal burning in China. Environ. 
Health Persp., 106(5), 239 244. 

[33] Manahan, S.E. (2000) Environmental 
Chemistry (seventh edition). CRC Press LLC, 
Boca Raton. 

[34] Karanasiou, A.A., Sitaras, I.E., Siskos, P.A. 
and Eleftheriadis, K. (2007) Size distribution 
and sources of trace metals and N-alkanes in 
the Athens urban aerosol during summer. 
Atmos. Environ., 41(11), 2368 2381. 

[35] Lough, G.C., Schauer, J.J., Park, J.S., Shafer, 
M.M., DeMinter, J.T. and Weinstein, J.P. 
(2005) Emissions of metals associated with 
motor vehicle roadways. Environ. Sci. 
Technol., 39(3), 826 836. 

[36] Zhang, X.L., Wu, G.J., Yao, T.D., Zhang, C.L. 
and Yue, Y.H. (2011) Characterization of 
individual fly ash particles in surface snow at 
Urumqi Glacier No. 1, Eastern Tianshan. 
Chin. Sci. Bull., 56(32), 3464 3473. 

[37] Amann, M., Derwent, R., Forsberg, B., 
Hurley, F., Krzyzanowski, M., Kuna-Dibbert, 
B., Larssen, S., de Leeuw, F., Liu, S.J., 
Schneider, J., Schwarze, P.E., Simpson, D., 
Stedman, J., Straehl, P., Tarrasón, L. and van 



© by PSP  Volume 25  No. 7/2016, pages 2393-2403  Fresenius Environmental Bulletin  

2403 

Bree, L. (2006) Health risks of particulate 
matter from long-range transboundary air 
pollution. WHO Regional Office for Europe, 
Denmark. 

[38] Erisman, J.W., Brydges, T., Bull, K., Cowling, 
E., Grennfelt, P., Nordberg, L., Satake, K., 
Schneider, T., Smeulders, S., Van der Hoek, 
K.W., Wisniewski, J.R. and Wisniewski, J. 
(1998) Summary statement. In: Nitrogen, the 
Confer-N-s, Proceedings of the First 
International Nitrogen Conference. Van der 
Hoek, et al., editors. Elsevier, Oxford, 3 12. 

[39] Sagnotti, L., Taddeucci, J., Winkler, A. and 
Cavallo, A. (2009) Compositional, 
morphological, and hysteresis characterization 
of magnetic airborne particulate matter in 
Rome, Italy. Geochem. Geophy. Geosy., 
10(8), DOI: 10.1029/2009GC002563. 

[40] Yongjie, Y., Yuesi, W., Tianxue, W., Wei, L., 
Ya'nan, Z., Liang, L., 2009. Elemental 
composition of PM2.5 and PM10 at Mount 
Gongga in China. Atmos. Res., 93(4), 801
810. 

[41] Caggiano, R., Macchiato, M., Ragosta, M., 
Sabia, S., Scardaccione, G.A. and Trippetta, S. 
(2008) Trace elements in daily collected PM1 
samples and source identification. AAAS08-
Advanced Atmospheric Aerosol Symposium, 
Napoli, 169-176. 

[42] Murillo, J.H., Ramos, A.C., García, F.A., 
Jiménez, S.B., Cárdenas, B. and Mizohata, A. 
(2012) Chemical composition of PM2.5 
particles in Salamanca, Guanajuato Mexico: 
source apportionment with receptor models. 
Atmos. Res., 107, 31 41. 

[43] Lee, D.S. and Pacyna, J.M. (1999) An 
industrial emissions inventory of calcium for 
Europe. Atmos. Environ., 33(11), 1687 1697. 

[44] Chow, J.C, Watson, J.G., Kuhns, H., 
Etyemezian, V., Lowenthal, D.H., Crow, D., 
Kohl, S.D., Engelbrecht, J.P. and Green, M.C. 
(2004) Source profiles for industrial, mobile, 
and area sources in the big bend regional 
aerosol visibility and observational study. 
Chemosphere, 54(2), 185 208. 

[45] Farmer, A.M. (1993) The effects of dust on 
vegetation a review. Environ. Pollut., 79(1), 
63 75. 

[46] Grantz, D.A., Garner, J.H.B. and Johnson, 
D.W. (2003) Ecological effects of particulate 
matter. Environ. Int., 29(2-3), 213 239. 

[47] Ma kovská, B., Oszlányi, J. and , P. 
(2008) Effects of air pollution on key tree 
species of the Carpathian Mountains. Ekologia 
Bratislava, 27(3), 248 268. 

[48] Wright, K.E. (1943) Internal precipitation of 
phosphorus in relation to aluminium toxicity. 
Plant Physiol., 18(4), 708 712. 

[49] Alfani, A., Maisto, G., Iovieno, P., Rutigliano, 
F.A. and Bartoli, G. (1996) Leaf 

contamination by atmospheric pollutants as 
assessed by elemental analysis of leaf tissue, 
leaf surface deposit and soil. J. Plant Physiol., 
148(1-2), 243 248. 

[50] Jacobson, J.S., Weinstein, L.H., Mccune, D.C. 
and Hitchcock, A.E. (1966) The accumulation 
of fluorine by plants. J. Air Pollut. Control 
Assoc., 16(8), 412 417. 

[51] Haidouti, C., Chronopoulou, A. and 
Chronopoulos, J. (1993) Effects of fluoride 
emissions from industry on the fluoride 
concentration of soils and vegetation. 
Biochem. Syst. Ecol., 21(2), 195 208. 

[52] Shanker, A.K, Cervantes, C., Loza-Tavera, H. 
and Avudainayagam, S. (2005) Chromium 
toxicity in plants. Environ. Int., 31(5), 739
753. 

[53] Lewtas, J. (2007) Air pollution combustion 
emissions: characterization of causative agents 
and mechanisms associated with cancer, 
reproductive, and cardiovascular effects. 
Mutat. Res., 636(1-3), 95 133. 

[54] Ochsenkühn-Petropoulou, M., Lyberopoulou, 
T., Argyropoulou, R., Tsopelas, F. and 
Ochsenkühn, K.M. (2009) Chemical and 
structural characterization of airborne 
particulate matter in an industrial and an urban 
area in Greece. Fresenius Environ. Bull., 
18(11A), 2210 2218. 

[55] de Kok, T.M., Driece, H.A., Hogervorst, J.G. 
and Briedé, J.J. (2006) Toxicological 
assessment of ambient and traffic-related 
particulate matter: a review of recent studies. 
Mutat. Res., 613(2-3), 103 122. 

[56] Patel, M.M, Hoepner, L., Garfinkel, R., 
Chillrud, S., Reyes, A., Quinn, J.W., Perera, F. 
and Miller, R.L. (2009) Ambient metals, 
elemental carbon, and wheeze and cough in 
New York City children through 24 months of 
age. Am. J. Respir. Crit. Care Med., 180(11), 
1107 1113. 

 
 
 
Received: 02.10.2015 
Accepted: 10.03.2016 
 
 
CORRESPONDING AUTHOR 
 
Pinar Ili 
Department of Medical Services and Techniques 
Denizli Health Services Vocational High School 
Pamukkale University 

 
20070 Denizli - TURKEY 
 
e-mail: pili@pau.edu.tr 
 



2404 

 
CONTAMINATION AND ACCUMULATION OF HEAVY 

METALS IN BRINJAL (SOLANUM MELONGENA L.) GROWN 
IN A LONG-TERM WASTEWATER-IRRIGATED 

AGRICULTURAL LAND OF SARGODHA, PAKISTAN 
 

Kafeel Ahmad1, Zafar Iqbal Khan1, Asma Ashfaq1, Nudrat Aisha Akram2, Muhammad Ashraf3,4, Sumaira 
Yasmeen1, Vincenzo Tufarelli5, Vito Laudadio5, Mariano Fracchiolla6, Eugenio Cazzato6 

 

1Department of Botany, University of Sargodha, Pakistan 
2Department of Botany, GC University Faisalabad, Pakistan 

3Pakistan Science Foundation, Islamabad, Pakistan 
4Department of Botany & Microbiology, King Saud University, Riyadh, Saudi Arabia 

5  
6Department of Agro-Environmental  

 
 
ABSTRACT 
 

  In this study, we investigated metal and 
metalloid (Pb, Mn, Ni, Co, Cu, Cd, Zn, Se, Mo, Fe, 
As  and Cr) concentrations in brinjal (Solanum 
melongena L.) as well as at two different cultivated  
sites in the vicinity of Sargodha. At both study sites (I 
and II), mean concentrations  of As  and Cd  in soil 
and Mn, Ni, Cu (23.9, 28.9), Zn (61.2, 74.7), Mo 
(16.1, 18.3), and Cd (0.82, 1.11) in S. melongena 
were above the  permissible limits as given by 
USEPA and WHO, respectively. The results revealed 
significant correlations between soil and vegetables 
for  metals viz. Mn, Co, Ni, Zn, Cd and Pb. The trend 
of bioconcentration factor (BCF) at both sites was: 
0.05-295.6 with higher BCF was observed for Cr 
(229.4, 295.6). High pollution load index at site-II 
indicated that this vegetable may cause toxic effects 
in humans due to high metal  accumulation in the 
consumable parts of the vegetable. It is concluded 
that more effective controls should be taken to reduce 
pollution in this study area. 
 
 
KEYWORDS: 
Wastewater, Permissible limits, Vegetable, Soil, Pakistan 
 
 
INTRODUCTION 
 

With the passage of time, the consumption of 
wastewater in the agricultural production has gained 
an importance world-over as an economic substitute. 
Wastewater is frequently available and it is rich with 
essential nutrients. Wastewater also fulfills the 

requirements of water for crop plants. At the eve of 
19th century, wastewater cultivated area in Pakistan 
was approximately 73,000 ha which is now 
progressively increasing day by day. However, there 
are several reports which depict that wastewater of 
most regions/places contain a large amount of a 
variety of heavy metals [1-3]. 

Different crops including major vegetable crops 
cultivated in most of peri-urban areas in many 
developing countries, including Pakistan, are irrigated 
with sewage wastewater [4]. Thus, it is naive to 
expect that such vegetables accumulate heavy metals 
through wastewater irrigation to a varying extent. Of 
many summer vegetables, brinjal (Solanum 
melongena) is a very popular vegetable because it  is 
used for the preparation of a variety of dishes [5]. 
However, in view of a report brinjal production 
declined considerably during 2013 due to irrigation 
with wastewater [6].  

Accumulation of heavy metals in vegetables 
gradually becomes perilous for the living organisms 
that consume them. Because many essential processes 
could be disrupted by outsized concentrations of toxic 
metals like Pb, Cd and Mo. Growth and reproduction 
of vegetables are also affected by Zn, Pb, Co and Cr 
[7]. Thus, the present study was conducted to 
determine the bioconcentration of Cr, Mn, Fe, Co, Ni, 
Cu, Zn, As, Se, Mo, Cd and Pb in cultivated soil and 
S. melongena. Therefore, the objectives of this 
research were to analyze the transfer of heavy metals 
and metalloids from soil to the edible portion of S. 
melongena and to determine pollution level of metals 
so as to avoid metal hazards and toxicity.  
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MATERIALS AND METHODS 
 

Sample collection and preparation. The 
present study was conducted on two different sites 
(Phularwan and Purana Chaba) of Sargodha to 
evaluate the level of heavy metal toxicity. Site-I 
(Phularwan) situated at 50 km radius was under canal 
water irrigation and site-II (Purana Chaba) located at 
67 km from Sargodha District was irrigated with 
wastewater. Ten samples of canal and wastewater 
irrigated soil and S. melongena were collected 
randomly from each site. The collected vegetables 
were washed with dH2O to remove contaminants. 
The samples were air dried and placed in an oven (65 
0C) for 72 h. Soil samples were analyzed for pH, EC 
and organic matter. Each of soil and vegetable 
samples (each 2.0 g) was wet digested with H2SO4, 
HNO3 and HCl (1: 2: 1) until the solution became 
transparent. After cooling, the digested sample was 
filtered and the filtrate was finally maintained to 0.05 
L with distilled H2O [8]. 

 
Analysis of metal and metalloid 

concentrations. The Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, 
Cd and Pb concentrations in the filtrate of digested 
soil and vegetable samples were estimated using an 
AAS (Model 2380, Perkin Elmer). Selenium (Se) and  
As contents in the samples were analyzed by a GFAA 
(graphite furnace atomic absorption). Standard stock 
solutions of 1000 ppm for all the metals were 
obtained from the Biological Laboratory (University 
of Sargodha).  

 
Statistical analysis. The average concentrations 

of metals and metalloids in the vegetable and soil 
samples were evaluated by the SPSS: Statistical 
Program for Social Sciences. ANOVA (one-way) was 
applied to the data for metals and metalloids in soil 
and vegetables. Relationships between the soil and 
vegetable metals were also determined. In order to 
determine relationships between heavy metals of soil 

correlation was applied. 
The significance differences between mean data were 
determined at 0.001, 0.01, and 0.05 probability levels 
[9].  

 
Bioconcentration factor. The bioconcentration 

factor was calculated according to Khan et al. [10] 
who defined it as the relative tendency of a metal to 
be accumulated by a particular species of plant. 
Bioconcentration factor = Metal concentration in 
edible part/ Metal concentration in soil  

 
Pollution load index. Pollution load index was 

applied to investigate the metal contents following 

Liu et al. [11]. PLI = Metal concentration in 
investigated soil/ Reference value of the metal in soil. 
 
 
RESULTS 
 

Analysis of variance of the data showed a 
significant effect of the two sites on concentrations of 
metals and metalloids like Fe, Co, Ni, Zn, As, Se and 
Pb in soil, whereas a non-significant effect of the sites 
was found on soil Cr, Mn, Cu, Mo and Cd 
concentrations (Table 1).  

 
TABLE 1 

Analysis of variance of data for metal 
concentrations (mg/kg) in soils at two different 

sites. 
Metals and metalloids Site 

Cr 0.002ns 
Mn 579.2ns 
Fe 66.26** 
Co  346.5*** 
Ni 7.321*** 
Cu 1.032ns 
Zn 26.41** 
As 26.97* 
Se 1.981*** 
Mo 3.332ns 
Cd 50.79ns 
Pb 116.2** 

***, **, * = significant at 0.001, 0.01 and 0.05, levels; ns = non-
significant. 
 

A non-significant effect of sampling sites on 
concentrations of Se, Mo and Cd in brinjal plants, 
whereas a significant effect of the sites was observed 
on Cr, Mo, Fe, Co, Ni, Cu, Zn, As and Pb 
concentrations (Table 2). 
 

TABLE 2 
Analysis of variance of data for metal 

concentrations (mg/kg) in S. melongena at two 
different sites. 

Metals and metalloids Site 
Cr  482.3*** 
Mn 64.33** 
Fe  202.4*** 
Co 0.692** 
Ni  70.09*** 
Cu 64.12* 
Zn   454.1*** 
As  56.73*** 
Se 0.041ns 
Mo 12.74ns 
Cd 0.225ns 
Pb  3.172*** 

 ***, **, * = significant at 0.001, 0.01 and 0.05, levels; ns = non-
significant. 
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TABLE 3 
Physico-chemical parameters of soil at two different sites. 

 
Physico-chemical parameters Site-I Site-II MS 

pH 8.1 ±1.2 7.9±0.3 0.14* 

EC (dSm-1) 1.34±1.13 1.55±1.11 0.21ns 

Organic matter (%) 0.88±0.2 0.95±0.4 0.032** 

Textural class Clay loam Clay loam  

MS= mean squares 
    

Physico-chemical parameters of soil. The 
mean value of pH of soil at site-I was 8.1 and at site-
II was 7.9. Electrical conductivity of soil at site-I was 
1.34 dSm-1 and at site-II was 1.55 dSm-1. Mean value 
of organic matter at site-I was 0.88 and at site-II was 
0.95 (Table 3). 

 
Metals and metalloids in soil. The 

concentrations of Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo 
and Pb in soil were within the critical values except 
for As and Cd. The concentrations (mg/kg) of metals 
and metalloids in the canal water at site-I ranged 
from 0.07 to 56.1, those in the wastewater used for 
irrigation at site-II ranged from 0.09 to 59.3. At site-
II, mean concentrations of metals were higher as 
compared to those at site-I. Levels of metals at site-I 
were: Cr (0.07), Mn (18.9), Fe (42.9), Co (14.3), Ni 
(2.15),Cu (4.02), Zn (6.71), As (56.1), Se (2.44), Mo 
(7.88), Cd (10.9) and Pb (39.2), respectively, 
however at site-II were: Cr (0.09), Mn (34.8), Fe 
(48.4), Co (26.2), Ni (4.23),Cu (4.66), Zn (9.96), As 

(59.3), Se (3.33), Mo (9.04), Cd (15.4) and Pb (46.1) 
mg/kg, respectively. Of the heavy metals, mean 
concentrations were maximum for As (56.1, 59.3 
mg/kg) and minimum for Cr (0.07, 0.09 mg/kg) at 
both sites. 

 
Metals and metalloids in vegetable. Mean 

concentration of metals and metalloids like Mn, Ni, 
Cu, Zn, Mo and Cd at site-I and Mn,Ni, Cu, Zn, As, 
Mo, Cd and Pb at site-II were above the permissible 
limits (WHO 1996). Theconcentrations (mg kg-1) of 
metals and metalloids at site-I were in the range 0.64-
74.4, while at site-II they ranged from 0.83 to 79.5. 
The concentrations (mg kg-1) for different metals and 
metalloids at site-I were: Cr (15.4), Mn (74.4), Fe 
(50.1), Co (0.64), Ni (8.83), Cu (23.9), Zn(61.2), As 
(4.06), Se (0.72), Mo (16.1), Cd (0.82) and Pb (8.14), 
respectively, while at site-IIwere Cr (29.3), Mn 
(79.5), Fe (78.4), Co (1.16), Ni (14.3), Cu (28.9), Zn 
(74.7), As (8.82), Se(0.83), Mo (18.3), Cd (1.11) and 
Pb (19.4), respectively (Table 5). 

 
TABLE 4 

Metal and metalloid concentrations (mg kg-1) in soil samples obtained from two sites in Sargodha District. 
 

Metals and 
metalloids 

Sampling sites Permissible maximum 
limit Site-I Site-I 

Cr 0.07±0.01 0.09±0.04 400 

Mn 18.9±1.26 34.8±1.27 80 
Fe 42.9±0.64 48.4±1.42 21000 

Co 14.3±0.83 26.2±0.85 65 
Ni 2.15±0.09 4.23±0.19 50 

Cu 4.02±0.19 4.66±0.33 50 

Zn 6.71±0.52 9.96±0.41 200 

As 56.1±0.39 59.3±1.54 40 

Se 2.44±0.09 3.33±1.11 3 

Mo 7.88±0.66 9.04±0.25 40 

Cd 10.9±0.54 15.4±0.29 3 

Pb 39.2±1.33 46.1±0.81 300 
Permissible maximum limit (USEPA, 1997) 
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TABLE 5 
Metal and metalloid concentrations (mg kg-1) in the edible part S. melongena obtained from two sites in 

Sargodha, District. 
 

 
Metals and 
metalloids 

Sampling sites Permissible maximum limit 
(mg/kg) Site-I Site-II 

Cr 15.4±0.29 29.3±0.09 50 
Mn 74.4±0.69 79.5±1.62 30 
Fe 50.1±1.78 78.4±2.65 1000 
Co 0.64±0.05 1.16±0.09 1 
Ni 8.83±0.76 14.3±0.52 2 
Cu 23.9±0.52 28.9±1.75 20 
Zn 61.2±0.66 74.7±0.77 50 
As 4.06±0.19 8.82±0.22 7 
Se 0.72±0.67 0.83±0.47 - 
Mo 16.1±0.83 18.3±1.29 5 
Cd 0.82±0.32 1.11±0.56 0.5 
Pb 8.14±0.91 19.4±1.66 10 

Permissible maximum limit of WHO Standards [17] 
   

TABLE 6 
Bioconcentration factor for vegetable/soil system. 

 

Site 
Bioconcentration factor 

Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Pb 

Site-I 229.4 3.92 1.16 0.05 3.51 5.95 9.13 0.07 0.29 2.04 0.08 0.21 

Site-II 295.6 2.33 1.63 0.05 3.34 6.21 7.49 0.15 0.25 2.03 0.07 0.42 

   
Bioconcentration factor. A maximum 

bioconcentration factor for Cr (229.4-295.6) and 
minimum for Co (0.05) was recorded at both sites. 
BCF at site-I was: Cr (220.4), Mn (3.92), Fe (1.16), 
Co (0.05), Ni (3.51), Cu (5.95), Zn (9.13), As (0.07), 
Se (0.29), Mo (2.04), Cd (0.08) and Pb (0.21), while 
at site-II was: Cr (295.6), Mn (2.33), Fe (1.63), Co 
(0.05), Ni (3.34), Cu (6.21), Zn (7.49), As (0.15), 
Se(0.25), Mo (2.03), Cd (0.07) and Pb (0.42) (Table 
6). 

Correlation between the metal concentrations 
in soil and the vegetable. Correlation between the 
metal concentrations in soil and the vegetable was 
positive and significant for Mn (r = 0.789**), Fe (r= 
0.811**), Co (r= 0.819**), Ni (r= 0.937**), Zn 
(r=0.877**), Cd (r= 0.863**) and Pb (r= 0.716*), 
however, positive and non-significant correlation was 
observed for Cr  (r= 0.556ns), Cu (r=0.196ns), As (r= 
0.615ns), Se (r= 0.332ns) and Mo (r= 0.324ns) 
between the soil and the vegetable (Table 7). 
 
 

TABLE 7 
Correlation between metal concentrations in soil 

and S. melongena. 
 

Correlation 
Metals and metalloids Soil-vegetable 
Cr 0.556ns 

Mn 0.789** 
Fe 0.811** 

Co 0.819** 
Ni 0.937** 
Cu 0.196ns 
Zn 0.877** 
As 0.615ns 
Se 0.332ns 

Mo 0.324ns 

Cd 0.863** 
Pb 0.716* 

 **, Correlation is significant at the 0.01 *, Correlation is 
significant at the 0.05; ns. No-significant 
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TABLE 8 
Pollution load index for metals and metalloids in soil. 

 
Pollution Load Index 

Metals and 
metalloids 

Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Pb 

Soil 1.48 1.8 1.12 1.82 1.68 1.16 1.49 1.06 1.36 1.15 1.41 1.18 
 

Pollution load index. In the present 
investigation high pollution load index was observed 
for soil Co (1.82). In soil, the  pollution load index 
was in the order: Co (1.82) > Mn (1.8) > Ni (1.68) > 
Zn (1.49) > Cr (1.48) > Cd (1.41) > Se (1.36) > Pb 
(1.18) > Cu (1.16) > Mo (1.15) > Fe (1.12) > As 
(1.06) as shown in Table 8. 
 
 
DISCUSSION 
 

High mean value of pH was found at site-I 
irrigated with canal water and those of EC and 
organic matter was at site-II irrigated with 
wastewater. It has been reported that irrigation with 
wastewater increases soil electrical conductivity and 
organic matter, declines soil pH, and could bring 
about the buildup of metals in the irrigated soils [12]. 
The values of As at both sites were slightly higher 
than the critical concentration (40 mg/kg) of this 
metal as stated by Alloway [13]. High levels of As 
and Cd in soil could have been due to the industrial 
uses of heavy metals released from pesticides and 
fertilizers used therein. Cao et al. [14] reported high 
concentrations (mg/kg) of heavy metals like Cr 
(99.5), Cu (35.9), Zn (108.2), Cd (0.156) and low for 
Pb (32.8) as compared to those found in the present 
investigation. Critical values (mg/kg) of metals in soil 
reported by EMSC [15] such as Cr (97.8) and Pb 
(26.2) were higher and for Cd (0.13) lower than the 
mean concentrations of Cr, Cd and Pb observed in the 
current study. The lower soil Pb concentration in the 
test area may have been due to the town traffic which 
is reasonably lower as compared to the relatively 
larger towns of the country. The contents of soil Se in 
both sites were found to be high in the present study, 
which can be ascribed to nature of soil of the region 
being calcareous because such soils usually possess 
high amount of selenium [16]. 

Heavy metal concentrations in the vegetables 
were different at both sites, which may be attributed 
to differential absorption capacity of the vegetable for 
different heavy metals [17], although high levels of 
metals and metalloids were found at both sites. 
Manganese contents in the vegetable at both sites 
were not in the safe limit permitted for food 
according to WHO which recommended 2-9 mg/kg of 

Mn per day for an adult [18]. The Co values found 
during the current study were lower than those 
observed by Tsafe et al. [19]. Based on the results of 
the current investigation there seems to be no 
warranted need of Co supplementation. Lower levels 
of heavy metals like Cu (4 mg kg-1), Zn (50 mg kg-
1), Cd (0.27 mg kg-1), and Pb (5.5 mg kg-1) have 
been reported in different vegetables grown in 
contaminated areas from Baia Mare, Zlatna and 
Copsa Mica [20]. Sharma et al. [21] have found much 
lower level of Ni in the area irrigated with sewage 
water as compared to that reported in the present 
investigation. This difference may be due to samples 
collection in different seasons as reported by Sharma 
et al. [21] as they did sampling during two specific 
periods in the year i.e. summer (April-May) and 
winter (December- January) and whereas in the 
current study sampling was conducted only during 
December to January. 

The BCF depends on the bioavailability of 
metals. High bioconcentration factor for Cr suggests 
that Cr accumulated in the vegetable tissues through 
some sources other than air. Low BCF for Co 
suggests low bioavailability of Co. This study 
indicated that the atmosphere was the main source of 
uptake of Se, Cu, Cd and Pb in vegetables. For 
example, Ding and Pan [22] reported that 50% of Pb 
content in vegetables was derived from the 
atmosphere. The BCF for Cd (5.65) and Pb (4.23) 
reported by Atayese et al. [23] was higher as 
compared to that recorded in the present 
investigation. Cadmium and lead toxicity symptoms 
are reported to become severe after a long time of 
continuous consumption. The uptake of Fe at both 
sites was comparatively low in the vegetable which is 
still not clear [24]. 

Statistically significant correlations between 
concentrations of metals in soils and vegetable were 
observed. In the present investigation, positive and 
significant  correlations between the soil and the 
vegetable with respect to Mn, Co, Ni, Zn, Cd and Pb  
suggest an efficient transport of metals from the soil 
to the vegetable. According to Kloke et al. [25], 
correlation of zinc and copper between soil and 
vegetables was high but that of cobalt and nickel was 
also significant. Significant correlations of metals like 
Cr, Fe, Cu, As, Se and Mo indicated that they may 
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have originated from common wastewater 
application. The correlation of As with Fe and Cr 
showed their common source from tannery industries, 
while a strong association of Cd, Zn, and Cu showed 
common sources, and these metals have been derived 
from anthropogenic sources, especially the municipal 
sewage system or paint industry [26]. 

It is a measure of the degree of overall 
contamination at the sampling sites in vegetables and 
soils. In the present study, soil was highly 
contaminated with Co. The distribution of metal 
concentration in the study area showed that this area 
has been affected by anthropogenic activity 
particularly by wastewater, which might have led to a 
high accumulation of some heavy metals (Co, Cr and 
Ni). The accumulation of these metals in the soil 
affected normal levels of metals in Solanum 
melongena used for the study. This is possibly due to 
the bioavailable metals content in soil exerts a 
significant impact on soil quality and its eventual 
uptake by plants and humans [27-31]. 
 
 
CONCLUSIONS 
 

It is concluded that Mn, Ni, Cu, Zn, Mo and Cd 
contamination in all samples of Solanum melongena 
has a potential to cause severe health hazards, 
because the levels of these heavy metals were above 
the permissible limits in the vegetable for human 
consumption. It is truly essential to note heavy metal 
accumulation in soil because they significantly affect 
agricultural production as well as human health 
through contaminated food consumption. Thus, an 
urgent attention is needed for regular monitoring of 
these toxic metals and metalloids. 
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ABSTRACT 

 
Growth and Ni uptake kinetics of different 

Escherichia coli generations acclimated under 
Ni-rich conditions were investigated in this study. 
Pre-cultured E. coli (C H) showed an enhanced 
adaptability with short lag phase, long log phase, and 
stationary period after the bacteria were thrice 
acclimated . The growth and Ni uptake of acclimated 
E. coli increased two to five times and two to ten 
times, respectively. An increase in maximum 
bioaccumulation was observed in the order of 
generation III, II, and I; among these generations, III 
was the highest. The specific growth rate and 
bioaccumulated Ni2+ increased to 10 mg/g 
(generation II) and 17 mg/g (generation III) dry cell 
weight, which were consistently higher than those of 
the controls and the former generation. Results 
suggested that acclimation enhanced the resistance 
and bioaccumulation capacity of E. coli; by contrast, 
the living biomass amount at long exponential and 
stationary phase was responsible for the Ni uptake. 
Low nickel concentration between two 
generations take positive effect on the resistance of 
E. coli in Ni (II) medium. FTIR analysis revealed 
that hydroxyl, carboxyl, and amide groups were 
involved in the Ni sorption. TEM was also 
performed to investigate the cell microstructure. 
TEM results demonstrated that that the 
morphological characteristics of microorganisms 
were partly affected by Ni. Thick secretions were 
dispersed on the surface and around the acclimated 
E. coli. 
 
KEYWORDS: 
nickel ion; Escherichia coli; kinetics; acclimation 
 
 

INTRODUCTION 

 
Heavy metals are extremely toxic pollutants 

that cause major environmental problems by 
contaminating ecosystems. Heavy metals directly 
affect human beings by damaging the nerves, liver, 
and bones and by blocking the functional groups of 
vital enzymes via the food chain[1, 2]. Ni2+ is 
commonly used in our daily activities, industrial 
materials, such as catalysts in the food industry, 
paints, and batteries, and industrial processes, such 
as leather tanning, wood preservation, pulp 
processing electroplating[3], and metallurgy, Ni2+ 
levels can reach as high as 2.205 2.900 mg/L (rinse 
waters) in plating plants, 0.19 0.51 mg/L in mine 
drainages, 0.46 3.40 mg/L in acidic and 0.01 0.18 
mg/L in alkaline waters[4], 0 40 mg/L in 

wastewaters from paint industries, and 0.25 67 
mg/L in wastewaters from ink industries [5]. As 
non-biodegradable and widely used materials, heavy 
metals, such as Ni (II), spread and accumulate in the 
environment rapidly and reach toxic levels. The 
removal of heavy metals is a persisting problem. 
Conventional technologies[6], such as chemical 
precipitation, oxidation-reduction processes, 
filtration, ion exchange, electrochemical treatment, 
membrane technologies, adsorption, and 
evaporation, are expensive and inefficient, 
especially in the removal of high concentrations in 
large-scale wastewater treatments.  
  Biological treatments based on growing, resting, 
or non-living organisms and other biomasses have 
been extensively investigated because of their 
excellent performance at low heavy metal 
concentrations[2, 7]. Therefore, environmentally 
friendly, highly efficient, cost-effective, and easily 
accessible sorbents should be developed. For 
instance, microorganisms or marine organisms are 
widely used as effective biosorbents in heavy metal 
removal[8-10]. Living organisms perform high 
metal bioaccumulation but exhibit resistance to high 
metal pollutant concentrations[11, 12]. Genetically 
engineered microorganisms[13, 14] and isolated 
fungal biomass[15, 16] have been applied to remove 
and recover Ni2+ and Hg2+ from aqueous solutions 
via an express metal transport system involving the 
products of nixA gene and via metallothionein or 
glutathione-S-transferase-fusion protein and enzyme 
[17]. However, the screening of Ni-resistant species 
is a complex work, and protective mechanisms of 
excessive metal accumulation are not available, 
despite this advantage, heavy metal specificity and 
accumulation ability can be enhanced through 
genetic engineering. The construction of genetically 
engineered Escherichia coli depend on technologies 
and harsh conditions, and its environmental 
adaptability and availability have yet to be 
investigated. 

This study aimed to 1) obtain Ni-resistant E. 
coli through continuous generation acclimation 
under Ni-rich conditions;2)aimed to investigate the 
kinetics of Ni2+ uptake and biomass growth in 
different generations during acclimation and to 
evaluate the Ni2+ bioaccumulation mechanism by 
acclimated E. coli. Furthermore, the effects of Ni2+ 
concentration on the simultaneous growth and 
bioaccumulation of different generations, properties 
of functional groups, and morphological changes 
was also explored in this study. 
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MATERIALS AND METHODS 

 
Microorganisms, Media, and Growth 

Conditions. E. coli (CCTCC AB 91097) was kindly 
supplied by the College of Life Science, Wuhan 
University, China. All strains were grown in LB 
medium with different Ni2+concentration. The LB 
medium was composed of 5 g L-1 sodium chloride, 
3 g L-1beef extract, and 10 g L-1 bacteriological 
peptone with pH of 7.4 adjusted by sodium 
hydroxide (1 mol L-1). Precultures were performed 
in 500 mL Erlenmeyer flasks containing 200 mL of 
the LB medium and incubated on a rotary shaker at 
180 rpm at 37 . The E. coli growth was determined 
by optical density at 600 nm (OD600), which is 
considered to be the growth yields of living biomass 
at different time [18]. The dry weight of cells was 
determined from OD600 using the value of 0.37 g 
dry weight per liter of OD600 1.0. To each freshly 
prepared acclimation medium, Ni(II) using nickel 
nitrate ranged from 20 - 300 mg L-1 were added in 
LB medium.  

 
Uptake Experiments. During the incubation 

period, cells were harvested at the different time 
intervals by centrifuged at 10,000 rpm for 2 min. 
The supernatant fraction washed by sterile distilled 
water was analyzed by atomic absorption 
spectrophotometer (AA6300; Shimadzu, Japan) 
with an air-acetylene flame. Bioaccumulation was 
determined as the equation 1

( )
% 100%

Ci Ct
Uptake

Ci
1

where Ci and Ct was the initial and residual metal 
ion concentration in the supernatant. (mg Ni(II)/L), 
All the experiments were carried out at least three 
times. The values used in calculations were mostly 
the arithmetics average of the experimental data.  

 
Acclimation of E.coli for nickel(II)- 

resistence. The cultures grown in the LB with 
nickel(II) ions (generation ) were collected, then 
incubuted in acclimation medium (generation ) at 
optimal culture conditions, subsequencely 1mL of 
the late exponential growth phase culture harvested 
from generation  were transferred to another 
acclimation medium to domesticate for the third 
time as showed in table 1. All the experiments were 
carried out in triplicates. Generation for E.coli 
C,D , which extract from the generation A(30 
mg·L-1), B(100 mg·L-1) were cultrivated in 20 
mg·L-1, and these cultures were also used to 
acclimate generation E.coli E, F at a 
concentration of 150 mg·L-1, the precultures 
without Ni(II) were incubated in concentration of 
20 mg·L-1 and 150 mg·L-1 were prepared as control 
1, control 2. The strains of generation E.coli D, F 
showed better growth and higher nickel uptake 

were futher cultivated in higher concentration of 
Ni(II) medium of 300 mg·L-1 was marked as 
Generation  E.coli G,H. 

 
Analytical methods. The E.coli acclimated at 

different Ni(II) concentration were harvested for 
transmission electron microscope obeservation (FEI 
Tecnai G20), other samples were washed with 
distilled water for several times, and then 
freeze-dried for FTIR (Nicolet NEXUS-470).  
 
 
RESULTS AND DISCUSSION 

 
Kinetics of simultaneous cell growth and Ni 

uptake (SG&U) of generations I, II, and III E. 
coli during acclimation. Studies on acclimated 
Ni-resistant or genetically engineered 
microorganisms are abundant; as a result, excellent 
effects are elicited on Ni2+ uptake[13, 14]. 
Simultaneous Ni accumulation and cell propagation 
at different initial Ni2+ concentrations have been 
occasionally evaluated[19, 20]; however, only a 
few studies have investigated E. coli SG&U in 
different generations during Ni acclimation. The 
time-dependent SG&U data under optimal pH and 
temperature conditions were observed (Fig. 1 3). 
The growth of E. coli was hardly inhibited and the 
life cycle of this bacterium was extended as 
Ni2+concentration increased. Ni uptake showed a 
similar tendency during acclimation; this result 
indicated that the amount of biomass may play a 
key role in Ni2+ uptake.  
  An extended lag period of 7 and 16 h, log period 
of 44 h, and a stationary period of 60 h were 
observed in generation I (Table 2). However, 
pre-cultured E. coli C-H (generation II and III) 
showed better adaptability and shorter lag phase 
than their corresponding controls. Figs. 2(a) and 2(b) 
reveal that the growth of E. coli C-F significantly 
increased after this bacterium was acclimated in 
Ni2+, and OD600 reached 4.5, which was two to 
three times greater than that of the controls. By 
contrast, Ni2+ uptake ranged from 8% to 14% which 
was four times greater than that of the controls (2% 
to 4%).  

The Ni2+ uptake of generation II E. coli (C,D) 
cultivated at a low concentration was two to four 
times greater than that of E. coli (E,F) cultivated at 
a high concentration. The growth of E. coli was 
strongly inhibited, that is, only approximately 0.3 of 
OD600 was achieved after more than 200 h of 
incubation; the removal rate of Ni2+ decreased to 
2.5% at 300 mg/L. However, the growth of E. coli 
GH after this bacterium acclimated in generation II 
increased up to 10 times, with five times of Ni2+ 
uptake. These results suggested that the acclimation 
enhanced the growth and Ni2+ uptake of these  
 

TABLE 1 
Generations and concentrations of Ni(II) ions during acclimation 

 
 Generation I Generation   Generation III  

Concentration(mg·L 1) of 
Ni (II) ions 

30(A) 30-20(C) 10 30-20-300(G) 280 
100-20(D) 80 

100(B) 30-150(E) 120 30-150-300(H) 150 

100-150(F) 50 
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microorganisms. Moreover, Ni2+ uptake accelerated 
remarkably after the cells passed the lag phase. The 
whole Ni2+ uptake process ended in the exponential 
phase or the stationary phase at which cell 
propagation occurred rapidly. The Ni2+ was 
released, but this process occurred more slowly 
than the death of biomass in the following life 
phase. This finding probably marks the death of E. 
coli; as a consequence, Ni2+ is released from living 
biomass. Nevertheless, the non-living biomass also 
adsorbed this part of Ni2+.   

The maximum amount of bioaccumulated Ni2+ 
increased to 10 and 17 mg/g dry cell weight at 
generations II and III, respectively, and these 
findings were two to four times greater than those 
of the original cell. The specific growth rate 
increased in generation II, and this finding is two to 
three times greater than that in generation I. 
Therefore, the uptake contributed to the 
enhancement of Ni resistance of E. coli C-F. The 
biomass growth from the decrease in OD600 was 
inhibited by the increase in Ni2+ level. However, 
bioaccumulation increased, and this increase 
indicated that the cell bioaccumulation capacity was 
enhanced several times.  

Living biomass undergoes sequestration 
during metal biosorption and bioaccumulation; 
biosorption is a passive metal uptake process, 
which is relatively rapid, independent of 
temperature and metabolic energy, and may involve 
a reversible binding of heavy metals to the cell 
wall[21-24]. Conversely, bioaccumulation is an 

active-energy-driven process on the basis of 
metabolism, this process occurs through 
precipitation and transport across cell 
membranes[25-27]. The exponential growth phase 
probably involves highly active enzymes in the 
mechanisms of heavy metal uptake[28-30]. Thus, 
biomass with a long exponential phase and 
stationary phase (SRT) showed an efficient Ni 
accumulation behavior. The uptake ratio increased 
as the growth of biomass accelerated in the late 
exponential phase or SRTs. Therefore, expanded 
SRTs may be recommended in the heavy metal 
removal by bacteria. In this study, the exponential 
phases of these acclimated E. coli were reduced as a 
sign of adaptability; by contrast, the SRTs lasted 
more than 100 h (Table 2).  

However, the Ni uptake was reduced as the 
number of cells decreased. Bioaccumulation is an 
active biosorption through intracellular 
accumulation that occurs more slowly than 
biosorption, which is cell surface accumulation. In 
this study, the maximum Ni accumulation occurred 
in the late exponential phase or SRT, and these 
bacteria may exhibit the optimal bioaccumulation 
capacity. Ni2+ was gradually released into the 
system with the death of biomass but was further 
maintained in equilibrium. Two stages of the 
release of Ni2+ were observed. The first stage 
involved the breakdown of physicochemical 
interactions between Ni2+ and functional groups, 
and some of the bioaccumulated Ni2+ may be 
further discharged.  

FIGURE 1 
Kinetics of generation 1,

B: 100 mg L 1.

TABLE 2 
Comparison of life cycle and Ni(II) bioaccumulation, speci

E.coli at different Ni(II) levels. 
Lag phase Exponential Stationary Decline 1) qmaxbioaccumulation 

A 0 7 7 47 47 113 113- 0.0688 5.7
B 0 16 16 59 59 123 123- 0.0496 3.8 
C 0 4 4 35 35 154 154- 0.0763 9.1 
D 0 2 2 23 23 177 177- 0.1340 11.3 
Control1l 0 6 6 47 47 98 98- 0.058464 7.5 
E 0 47 47 75 75 203 203- 0.0746 9.3
F 0 11 11 47 47 180 180- 0.0646 10.0
Control2 0 58 58 75 75 145 145- 0.022509 4.6 
G 0 150 150 290 290 366 366- 0.0169 11.5 
H 0 150 150 221 221 408 408- 0.0329 16.9 
Control3 0 192 192 247 247 320 320- 0.014304 4.1 

qmaxbioaccumulation: The specific Ni2+ bioaccumulation capacity , calculated from q (mg/g dry cell) = V(Ci -Ct)/mt, where Vwas the sample volume (L), mt 
were the weight (g) of dry cell. 
bioaccumulated nickel(II) ion concentration at the end of growth; Uptake: specific nickel(II) uptake defined as the ratio of bioaccumulated concentration of 
nickel(II) at the end of 2/N1)/ t
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FIGURE 4 
FTIR of E. coli generations I, II, and III 

Ni2+ was mostly biosorbed reversibly on the surface 
of living biomass and may be rapidly released 
during cell death.  Conversely, the bioaccumulated 
Ni2+ may be immobilized through intracellular 
precipitation, methylation, and other mechanisms, 
and Ni2+ was discharged slowly or finitely; this 
result is consistent with Ni2+ released in the decline 
phase. Acclimation may have slowed the release of 
Ni2+ because the Ni2+ uptake of generation II 
decreased smoothly in the decline phase. Although 
high Ni content negatively affected the biomass 
growth of generation III, the exponential phases of 
E. coli GH achieved high accumulation 
capacity.These results suggested that acclimation 
improved the bioaccumulation capacity of E. coli. 
The acclimation of E. coli in different 
concentrations was also investigated. E. coli (DF) 
that acclimatized at a low concentration gradient 
with 1 and 50 mg·L 1 had faster
and better growth, whereas E. coli (H) with 
150 mg·L 1 lasted in a long SRT and Ni uptake was 
folded to E. coli G. Diaz-Ravina[31] noted that 
metal-resistant E. coli showed a 
concentration-depended effect. These observations 
may indicate that  between two generations
influence the resistance of E. coli in Ni2+ medium.  

FTIR characterization of E. coli generation 
I, II, and III. The broad and strong peaks near 
3340 cm 1 for generation I to III had shifted to 

1 to 100 cm 1, which may be
attributed to the interactions among the metal ions, 
hydroxyl, and amide groups (Fig. 4). The peaks at 
1071 and 1232 cm 1 assigned to alcoholic C O and
C N stretching vibrations shifted consistent to the
overlapping of O H and N H stretching vibrations.
The peaks at 1656 and 1535 cm 1 were assigned to 

C=O and N H stretching vibration[32], indicating
that the presence of hydroxyl and amide groups on 

1 to 20 cm 1.
The significant shifts of these specific peaks after 
metal ion adsorption suggested that chemical 
interactions between the metal ions and the amide 
groups occurred on the biomass surface. The broad 
peak at 3381 cm 1 shifted to 3397 and 3415 cm 1, 
indicating that hydroxyl, carboxyl, and amide 
groups were involved in the Ni sorption. The peak 
at 1071 cm 1 also shifted, demonstrating that 
hydroxyl groups were involved in the metal ion 
accumulation. These results indicated that the 
carboxyl, hydroxyl, and amide groups on the 
biomass surface were all involved in the 
accumulation of Ni.

TEM characterization of E. coli generations 
I, II, and III during acclimation. TEM images of 
E. coli generations I, II, and III are shown in Fig. 5. 
Ni (II) was not observed to affect the morphology 
of the microorganism, but the cell wall became 
fragile and some parts of the cell membrane were 
broken after Ni acclimation. Thick secretion was 
observed on the surface of the acclimated 
microorganisms, whereas the crystallized 
extracellular secretion were found further dispersed 
around E. coli. These compounds may play an 
important role in the Ni resistance of 
microorganisms. Many researches indicated that 
surface functional groups, as well as 
intra/extracellular secretions, can reduce the 
toxicity of Ni in microorganisms.   Some 
chelation of peptides, such as phytochelatin, 
metallothionein, polysaccharide, and acid 
amides[33, 34] can reduce Ni toxicity by 
synthesizing metal carbonate crystals [8, 35]. 
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FIGURE 5 
TEM images of E.coli generations I, II, and III. a) E. coli without Ni, b) generation I, c) generation II, d) 

generation III, and e) secretion of generation 

CONCLUSION 

In this study, E. coli was continuously 
acclimated three times at different Ni 
concentrations. During this process, the kinetics of 
simultaneous cell growth and Ni uptake (SG&U), 
as well as surface characteristics were investigated. 
The sharp growth increase (two to ten times) of E. 
coli C-F after acclimation and the extended late 
exponential or SRTs, where cell propagation 
occurred rapidly, lead to the acceleration of Ni2+

uptake (by four to five times for generation II and 
III. These results suggested that pre-culturing E.
coli in Ni showed better adaptability and shorter lag 
phase compared with untreated controls. Moreover, 
the acclimation concentration gradient between two 
generations also affected the resistance of E. coli. 
  The FTIR and TEM analysis showed that the 
functional groups on the surface, such as hydroxyl, 
carboxyl, and amide groups, caused Ni acclimation 
to induce some extracellular secretion and 
crystal-like materials. 
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ABSTRACT 

Mainly based on our previous work, we 
comprehensively evaluated chromosome and 
nucleolus morphological characteristics in root tip 
cells of plants stressed by Al and some heavy 
metals. Cell division is disturbed and chromosome 
aberration is induced in the root tips treated by 
excessive concentration of the metals used. This 
review also highlights the toxic role of the metals on 
nucleolus in root tips using silver staining, indirect 
immunofluorescent microscopy and western 
immunoblot analysis. After the metal treatment, 
obviously toxic phenomenon appear that nucleolar 
particles containing argyrophilic proteins leached 
out from the nucleus to the cytoplasm. Evidence 
demonstrates that these proteins are nucleophosmin, 
nucleolin and fibrillarin. Western immunoblot 
analysis confirms the findings obtained by indirect 
immunofluorescence. 

KEYWORDS: 
Metal ions, cell division, nucleolus, nucleoprotein (NP) 

INTRODUCTION 

Metals release to environment both from 
natural and anthropogenic sources accumulate in 
soil and are absorbed by plants leading to many 
toxic effects especially in roots [1]. Disturbances in 
growth and morphogenesis are the visible 
symptoms of stressor action. Evidence demonstrates 
that most compounds penetrate into the plant 
through the root system [2]. It is well known that 
roots are the primary target of metal phytotoxicity. 
Besides growth restrictions observable at the 
macroscopic level, cell and molecular studies will 
give more detailed information on qualitatively and 
quantitatively harmful effects at the microscopic 
level. 

Allium cepa, Allium sativum Vicia faba and 
Hordeum vulgare provide a useful genetic system 

for screening and monitoring environmental 
pollutants and are most widely used in many 
laboratories because they are excellent plants for 
environmental monitoring, with many advantages 
such as low cost, a large number of roots, short test 
time, ease of storage and handling, and ease of 
observing abnormal phenomena of chromosomes, 
nuclei and nucleoli affected during cell division 
[3 9].

Metal toxicity in plants is well documented. 
However, Limited information is available about 
the comprehensive evaluation of the toxic effects of 
metal ions such as Al, Cd, Pb, Cr, Cu, Mg, Ni, Zn, 
Mn and Co on cell division and nucleolus in root tip 
cells of plants. In this review, we, mainly based on 
our previous work, comprehensively evaluate the 
toxic effects of the metal ions on chromosome and 
nucleolus morphological characteristics in root tips 
of plants. 

EFFECTS ON CHROMOSOME 
MORPHOLOGY 

Plants are sensitive to Al and some heavy 
metals. Excessive metal ions often disturb cell 
division and induce chromosome aberration. The 
standard types of aberrant chromosome behavior 
referred to in the modified Allium test, introduce by 
Fiskesjö [3], were observed after treatments with the 
metals. 

C-mitosis. C-mitosis as described by Levan 
[10] is, in varying degrees, found in all the treated 
roots (Fig. 1a). C-mitosis, at a low concentration, is 
a most common type of chromosome aberrations. 
C-mitosis reflects slight or moderate cytological 
toxicity. Pb and Al are thought to be extremely 
c-mitotically active [5,11]. 

Chromosome stickiness. The sticky 
chromosome arises from improper folding of the 
chromosome fiber into single chromatids and that 
chromosomes become attached to each other by 
subchromatid bridges [12 13]. There are two types
of chromosome stickiness in the root tip cells 
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exposed to the metals: sticky chromosomes at 
metaphases (Fig. 1b) and sticky chromosomes 
exhibit c-mitosis (Fig. 1c). Sticky chromosomes 
reflect highly toxic effects, usually of an irreversible 
type, and probably lead to cell death, which is a toxic 
characteristic at high concentration of metal ions. 

Chromosome bridges. Chromosome bridges 
are due either to breaks in chromosomes or 
chromatids (often resulting in fragments) or to 
chromosome stickiness (disturbing the normal cell 
division). Anaphase bridges are observed in the 
roots exposed to the metal ions studied. Three types 
of chromosome bridges are observed: anaphase 
bridges involved one or more chromosomes (Fig. 
1d,e), sticky bridges and (Fig. 1f) and anaphase 
configuration with chromosome bridges exhibiting 

disintegration (Fig. 1g). Chromosome bridges are 
somewhat damaged and the damage is reversible or 
irreversible depending on whether it is a sticky 
bridge or a result of breaking and rejoining of 
chromosomes. Chromosome fragments (Fig. 1h) 
and lagging chromosomes were often found in root 
tips exposed to the metals. 

The evidence indicates that the effect of the 
tested metal ions on cell division is dependent on the 
concentration and duration of treatment. The metal 
ions can, in varying degrees, cause chromosome 
irregularities, including c-mitosis, chromosome 
bridges, chromosome stickiness and so on. 
Chromosome aberration can provide both qualitative 
and quantitative data on the effects of exposure to a 
mutagen [14]. 

FIGURE 1 
Chromosome abnormalities induce by the metal ions in Allium cepa root tips. (a) c-metaphase (10-3 M Cr3+, 
48 h); (b) Chromosome stickiness (10-4 M Cr3+, 48 h); (c) Sticky chromosome exhibiting c-mitosis (10-2 M 

Al3+, 72 h); (d e) Chromosome bridges. (d) 10-5 M Ni2+, 48 h. (e) 2×10 M Cr(VI) (Cr2O7
2-), 96 h; (f)

Chromosome bridges exhibiting stickiness (10-3 M Zn2+, 48 h); (g) Chromosome bridges exhibiting 
disintegration (10-3 M Zn2+, 96 h); (h) Chromosome fragment (10-4 M Pb2+, 48 h); (i) Lagging chromosome 

(10-5 M Co2+, 48 h). Scale bar = 10 μm. Reprinted from Liu et al. [5], with permission. 
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FIGURE 2 
Effects of different concentrations of Al on nucleoli in root tip cells of Allium cepa var. agrogarum L. (a b)

Control cells; (c) Small amounts of silver- ; (d) Large
amounts of silver stained materials in nucleus with increasing Al concentration and prolonging treatment 

; (e f) Silver-stained materials 
Al, 24 h); (g k) Showing the leaching materials located near the nucleus and more and more materials

; (l n) Showing
the materials enclosed the nucleus, and accumulated in the cytoplasm and occupied nearly the whole 

; (o p) In long cells, the silver-stained materials gathered at the cell ends. (50
-like str Scale bar=10 

silver-stained materials. Reprinted from Qin et al. [26], with permission. 

EFFECTS ON NUCLEOLI 

Nucleoli are nuclear domains present in 
almost all eukaryotic cells. They not only specialize 
in the production of ribosomal subunits but also 
play roles in many fundamental cellular activities 
[15]. The nucleolus has long been known as a place 
for ribosome biogenesis. Because production of 
ribosome is a major metabolic activity, nucleolus 
function is tightly coupled to cell growth and 
proliferation [16]. However, the nucleolus can be 
disturbed by various stimuli such as UV, ionizing 
irradiation or actinomycin D, heat shock, genotoxic 
injury and metal ions [17 23]. Under stress
conditions, some NP locations are changed and 
distributed disorderly in and out of nucleolus, 
furthermore altering their expressions and functions 
[18 19].

In 1983, Fiskesjö first proposed -
phenomenon that Al ions could induce nucleolar 
material extruded from the nuclei into the 
cytoplasm in root tip cells of A. cepa under Al stress 

using the Feulgen-light green procedure [20]. The 
phenomenon was not found in Allium tests with 
some ten other metal ions [24]. 

The nucleolus is known as a nuclear structure 
and is responsible for ribosome biogenesis and 
further transcript process [25]. It contains a set of 
acidic, nonhistone proteins that can bind silver ions 
and are selectively visualized by silver methods. 
Changes of argyrophilic proteins in nucleoli can be 
showed specifically under various stimuli using the 
silver staining method. -
phenomenon in the root tips of A. cepa exposed to 
Al was confirmed by Liu and Jiang [23] using the 
silver staining technique for the first time. Fig. 2 
reveals in detail nucleolus abnormalities induced by 
Al in A. cepa root tips [26]. Zhang [27] confirmed 
the phenomenon in the root tips of H. vulgare 
exposed to Al using the silver method. After that, 
we found that besides Al, some heavy metals such as 
Cd, Pb, Cu, Ni, Co, Mg and Hg could also affect 
nucleoli and induce the phenomenon mentioned 
above in A. cepa, Allium sativum, H. vulgare, Vicia 



© by PSP Volume 25  No. 7/2016, pages 2419-2426 Fresenius Environmental Bulletin 

2422 

faba, Zea mays and Pinus massoniana 
[5,9,17 19,28 31], but the amounts of extruded
materials were less than in the Al treatment. 
Evidence from electron microscopy showed that the 
silver-stained particles in the nucleoli of Lupinus 
angustifolius L. root meristematic cells exposed to 
Pb were released from the nucleus into the 
cytoplasm [32]. The nuclear pore complex (NPC) is 
thought to be the most important channel for 
nuclear material [33]. The nucleolar material is 
released from the nucleus into the cytoplasm may 
be explained by the fact that the proteins are 
affected after the metal exposure, leading to the 
NPC to lose selectivity. In this way, the interaction 
between NPs and rRNA can be disturbed due to 
inhibition of rRNA synthesis, leading to the 
relocation of the NPs [34]. 

Further experiments were designed to examine 
the nature of the silver-stained particles and what 

types of NPs were extruded from the nucleolus into 
the cytoplasm under the metal stress. Using 
nucleolar mass spectrometry analyses, about 700 
nucleolar proteins are identified, and some of them 
are required for ribosomal biogenesis and others are 
not related to the event [35]. Nucleophosmin, 
nucleolin and fibrillarin belong to NPs and 
participate in rRNA processing, cell activities, and 
especially take key roles in rDNA transcripts and 
ribosome assembly [36 37]. Boulon et al. [38]
indicated that nucleolus is a center to sense stress 
and can coordinate the stress response. Nucleolar 
morphology, composition and function will change 
if nucleolus is disturbed under metal stress. We 
confirm, based on our previous work, that Al, Cd, 
Pb and Cu can induce alterations of the three 
nucleoproteins in the cellular localization in nucleoli 
of some plant root tips exposed to stress 
[9,11,18 19,30,39].

FIGURE 3 
Effects of different concentrations of Al on the translocation of nucleophosmin. Simultaneous location of 
nucleophosmin after the reaction with primary anti- nucleophosmin antibody and secondary antibody 
conjugated with FITC (green) and DNA after the reaction with DAPI (blue) in the same single optical 

section obtained with the confocal scanning laser microscopy. (A1,B1,C1,D1) Nucleophosmin detection; 
(A2,B2,C2,D2) DNA detection; (A3,B3,C3,D3) Merged image nucleophosmin

; (A4,B4,C4,D4) Bright field image of the cells. (A1 A4) Nucleophosmin was localized in
nucleolus in control cells; (B1 B4) Showing that nucleophosmin was migrated from nucleolus to

nucleoplasm in the cells exposed to10 4 M Al for 72 h; (C2 C4,D1 D4) Showing that nucleophosmin was
scattered in cytoplasm of the cells exposed to 10 2 M Al for 72 h and the intensity of nucleophosmin signals 

increased in cytoplasm. Scale bar  Reprinted from Zhang et al. [9], with permission.
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The evidence from indirect 
immunofluorescent microscopy demonstrate that 
nucleophosmin, fibrillarin and nucleolin are 
localized in nucleoli in control groups. 
Nucleophosmin (Fig. 3), nucleolin (Fig. 4) and 
fibrillarin (Fig. 5) are migrated from the nucleoli to 
the nucleoplasm or to cytoplasm under Al, Cd, Pb 
and Cu stress [11,18 19,39], which is consistent 
with the phenomena obtained from silver staining 
method. Chen and von Mikecz [40] indicated that 
HgCl2 dislocates fibrillarin from the nucleolus in 
human cells. Ni and Zhang [41] observed that 
nucleophosmin shuttled from the nucleoli to the 
nucleoplasm, or even, to the cytoplasm in the wheat 
root-tips exposed to wortmannin (a specificinhibitor 
of PI3K) by indirect immunofluorescence staining, 
suggesting that wortmannin can not only damage 
nucleolar structure, but also inhibit its function. 
Actinomycin D is reported to causes dislocation of 
fibrillarin from the nucleolus to the nucleoplasm in 
tobacco cells [42]. Inhibition of rRNA synthesis can 

affect the interaction between NPs and rRNA, 
inducing the relocation of the NPs [34]. Evidence 
from immunofluorescence microscopy showed that 
cucurbitacin B could induce translocation of 
nucleophosmin from the nucleolus to nucleoplasm 
[43].  

Furthermore, data from western blotting reveal 
that the three major NPs are over expressed under 
the stress in comparison to control, indicating that 
the metals have toxic effects on nucleoli, which is 
good with the results obtained from indirect 
immunofluorescent microscopy [11,17 19,31]. 
Nucleophosmin and nucleolin are known to be 
stained by silver [44 45], and fibrillarin is 
distinguished from these two NPs by its lack of 
affinity for silver [46]. Therefore, we suggest that 
these metals may also have toxic effects on other 
kinds of NPs besides argyrophilic and acidic 
nucleolar proteins. However, the mechanism needs 
to be further studied. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 4 

Simultaneous detection of nucleolin after incubation with primary anti-nucleolin antibody and secondary 
antibody conjugated with TRITC (Tetramethylrhodamine isothiocyanate) (red), and of DNA after 

incubation with DAPI (blue) in the same single optical section using confocal microscopy. (A1,B1,C1,D1) 
Nucleolin detection; (A2,B2,C2,D2) DNA detection; (A3,B3,C3,D3

A4,B4,C4,D4) bright field image. (A1 A4) Nucleolin in nucleolus of control cells; 
(B1 B4) The migration of nucleolin from the nucleolus to the nucleoplas
for 24 h; (C1 C4,D1 D4 C1 C4) and 

72 h (D1 D4). Scale bars Reprinted from Jiang et al. [11], with 
permission. 
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FIGURE 5 

Simultaneous detection of fibrillarin after incubation with primary anti-fibrillarin antibody and 
secondary antibody conjugated with FITC (green), and of DNA after incubation with DAPI (blue) in the 

same single optical section using confocal microscopy. (A1,B1,C1,D1) Fibrillarin detection; (A2,B2,C2,D2) 
 

(A4,B4,C4,D4) bright field image. (A1 A4) Fibrillarin in the nucleolus of control cells; (B1 B4) Migration 
of fibrillarin from the nucleolus to the nucleoplasm. (C1 C4) Fibrillarin on the way from nucleoplasm to 
cytoplasm. (D1 D4) Fibrillarin scattered in the cytoplasm. Scale bar  Reprinted from Wang et al. 

[39], with permission. 
 
 

CONCLUSIONS 

 
Based on the information provided in this 

article, it is concluded that (1) The effect of the 
tested metal ions on cell division is dependent on the 
concentration and duration of treatment. The metals 
can, in varying degrees, disturb cell division 
comprising c-mitosis and lagging chromosomes, 
anaphase bridges, and chromosome stickiness in 
root tip cells of plants. (2) Metals can induce the 
extrusion of silver-stained materials containing 
argyrophilic proteins from the nucleolus into the 
cytoplasm. (3) Indirect immunofluorescence detects 
nucleolar material containing nucleophosmin, 
nucleolin and fibrillarin and their movement into 
the cytoplasm following metal stress. (4) Western 
blotting analysis reveal higher expression of the 
three major nucleoproteins in the treated roots, 
which is good online with the results obtained by 
indirect immunofluorescence. (5) The data 
presented above can be also used as valuable and 
early markers in cellular changes induced by metals 
for the evaluation of metal contamination. 
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ABSTRACTS 
 

The aim of this study was mainly to find 
bacteria to degrade deoxynivalenol (DON) . A 
bacterial strain, which can effectively use DON as 
sole carbon and energy source, was isolated from 
the feces of the hens feeding mould contamination 
feed by enrichment screening. Based on the 
analysis of physiological and biochemical 
characteristics, 16S rDNA gene sequence homology 
and phylogenetic tree, the isolate strain was 
identified. Its degradation characteristics and 
degradation capability of the DON were tested by 
ELISA method. This bacterial strain was identified 
as Bacillus circulans and named C1-5-9 . Results 
showed that this strain could utilize DON as sole 
carbon source for growth, and could degrade 98.85 
% of DON after 72h shaking culture at 180 r·min-1, 
37  and pH 7.0 with adding nitrogen source. Its 
degradation rate was increased by adding 
exogenous carbon and nitrogen source into the 
medium, and the degradation rate improved by 
adding exogenous nitrogen source was more 
effectively than by adding carbon source. The crude 
enzyme extracted from the strain had a degrading 
activity of DON, and the degrading enzymes were 
the extracellular enzyme, which had a strong 
tolerance to pH and good thermal stability. This is 
the first report of the Bacillus circulans strain able 
to degrade DON. 
 
 
KEYWORDS: 
deoxynivalenol; biodegradation; bacillus circulans; 
degrading characteristics 
 
 
INTRODUCTION 
 

Deoxynivalenol (DON, vomitoxin), the most 
abundant type B trichothecene, which is produced 
by the fungus Fusarium graminearumthat 
contaminates corn, wheat, and barley [1], is  
characterized by a high stability under different 
environmental conditions and resistance to high 
temperature [2]. The consumption of DON-
contaminated food and feed can induce acute and 

chronic toxic effects. The adverse effects of acute 
exposure are including symptoms of 
gastrointestinal illness such as nausea, vomiting, 
diarrhea and hemorrhage[3,4,5,6]. The chronic 
exposure to this toxin induces anorexia, reduced 
food intake, weight gain and altered nutritional 
efficiency[7,8,9]. From the perspective of cell level, 
it reports that DON increases pro-inflammatory 
gene expression [10], impairs the cell division, 
proliferation, differentiation and cell membrane 
integrity, and induces apoptosis [11]. 

Various physical and chemical methods have 
been developed to decrease DON contamination, 
such as by ozone, ammonia, chlorine, hydrogen 
peroxide, sodium bisulfite, sodium carbonate, and 
chlorine dioxide, however, these methods can cause 
damage to product nutrition, the change of 
organoleptic qualities, the effect of undesirable 
health, and high cost for equipment [12,13]. These 
disadvantages spurred on the recent emphasis on 
biological methods to degrade mycotoxin. To date, 
several DON-degrading fungi and bacteria have 
been isolated from agricultural soil, infested plant 
material, and animal digestive tracts[14], such as 
Eubacterium sp. strain BBSH797[15], 
Agrobacterium-Rhizobium E3-39[16], 
Marmoricola sp. MIM116[17], Nocardioides sp. 
WSN05-2[18], Bacillus sp. LS100[19], Aspergillus 
tubingensis NJA-1[20]. 

 In the present study, a nwe strain, named 
Bacillus circulans C1-5-9 capable of efficient 
biodegradation of DON was isolated. The character 
of the strain and its crude degrading enzymes to 
degrade DON in liquid medium was also evaluated. 
This supplying a new strain for bio-degradation of 
DON. 
 
 
MATERIALS AND METHODS 
 

Culture medium. The mineral medium MM( 
L -1): Na2HPO4 2H2O 8.5 g, KH2PO4 3.0 g, NaCl 
0.5 g, NH4Cl 1.0 g, MgSO4·7H2O 0.5g, CaCl2 14.7 
mg, CuSO4 0.4 mg, KI 1.0 mg, MnSO4· H2O 4.0 
mg, ZnSO4· 7H2O 4.0 mg, H3BO3 5.0 mg, 
H2MoO4·2H2O 1.6 mg, FeCl3·  6H2O 2.0 mg, 
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pH7.0~7.2,  121.5  sterilization for 25 min. 
Enrichment culture medium (L-1): the need quantity 
of DON add in the culture solution of the mineral 
medium of bacteria 

 
DON. DON was purchased from Sigma 

Aldrich (St. Louis, MO, USA). Stock solutions of 
DON were prepared in sterile MilliQ water 
(Millipore, Billerica, MA, USA) at a concentration 
of 1% (wt/vol), filtered and stocked at 20 C 

 
Samples. Soil samples were collected from 

the feces of hens,which were fed the mouldy feed 
for the isolation of microorganisms capable of 
degrading DON. 

 
Enrichment of bacterial cultures for DON 

degradation. One gram of the collected samples 
were added into 50ml of sterile distilled water in 
conical flask and fully mixed. The 1ml of the mixed 
suspensions were taken and added into 250ml of the 
mineral medium containing with 200 /mL of 
DON, and were incubated at 37°C for 7days with 
shaking. Then,  of these cultures was added 
to 250mL of MM containing 100 mL DON, 
followed by 7 days of incubation with shaking at 
37°C. This procedure was repeated three times. 
And then the 100 L of these cultures were coated 
and cultured on the MM solid medium containing 
with 100 mL DON at 37°C until the single 
colony was grown. The single colonies were picked 
and inoculated in the MM liquid medium 
containing with 100 mL DON at 37°C for 
7days, and the concentrations of DON in the culture 
media were monitored by ELISA  detection kit of 
the DON . One culture sample was found to 
decrease the DON concentration, and the DON 
degrading bacteria were isolated from this sample. 

 
Calculation of the residue and degradation 

rate of  DON. The 1 mL of the culture medium was 
taken and centrifugated in 10000 rpm/min for 5min, 
then the residual amount of DON in the supernatant 
was measured by the ELISA detection kit of the 
DON. The same concentration of DON in the MM 
was as the positive control at the same time, and the 
culture conditons were same as the experimental 
group. Each strain was done for three replicates,and 
the mean values were calculated. The degradation 
rate of DON was calculated according to the 
following formula:The degradation rate of DON% 
= M0-Mn/M0 * 100( M0 was the average value of 
DON in the control group, and Mn was the average 
of the average of DON in each strain group. 

Identification of the highest degradation 
rate of the isolated strains. The nucleotides of 
partial 16S rRNA gene were amplified by colony 
PCR using 27f and 1492r primers. The amplicons 
were purified by agarose electrophoresis and 
recycled by agarose recycling kit (Sangon 

Biotech,Shanghai, Co.,Ltd.). The recycled 
16S rRNA gene was purified and sequenced by 
Sangon Biotech,Shanghai, Co.,Ltd. The result of 
the 16S rRNA gene sequence was submitted to 
GenBank and identified using BLAST 
(NationalCenter for Biotechnology Information, 
http://www.ncbi.nlm.nih.gov), and aligned by the 
clustalX1.83 program. Phylogenetic trees were 
constructed by MEGA 5.1 program using neighbor-
joining. 

 
Degradation characteristics of strain under 

pure culture conditions. The 250ml flask 
containing 100mL MM was adding DON and the 
highest degradation strain suspension. In the final 
system, the concentration of the DON was 
20 /mL and the OD600 of the strain was 0.2. 

 
The effect of initial pH on the degradation.  

The initial pH of the pure culture was adjusted at 
5.0, 6.0, 7.0, 8.0, 9.0, 10.0 by using 0.1 mol·L-1 HCl 
and 0.1 mol·L-1 NaOH. The cultures were incubated 
with the strain shaking at 180 rpm and 37°C and 
taken 1ml for determination at 30h, 60h, 90h, 120h, 
150h and 180h followed by analysis of the DON 
concentrations remaining in the cultures. 

 
The effect of temperature on the 

degradation. The cultures were inoculated with the 
strain shaking at 180rpm and at 10°C, 20°C, 
30°C,37°C, 40°C, and taken 1ml for determination 
at 30h, 60h, 90h, 120h, 150h and 180h followed by 
analysis of the DON concentrations remaining in 
the cultures. 

 
The effect of nutrient substrate on the 

degradation. The 1g of yeast extract, petone, beef 
extract, glucose, starch was added into the MM 
liquid culture medium, respectively. These MM 
liquid cultures were inoculated with the srain 
shaking at 180rpm under the optimum pH and 
temperature conditions, and taken 1ml for 
determination at 30h, 60h, 90h, 120h, 150h and 
180h, followed by analysis of the DON 
concentrations remaining in the cultures. 

 
Extraction of crude degrading enzyme of 

DON and its character of degradation. The 
bacterial cells were obtained by centrifugated at 
8000g for 10min after the strain was cultured in 
MM liquid medium containing 100 mL DON at 
shaking for 24h. The bacterial cells were washed 
with phosphate buffer solution (50mmol/L, pH7.0 ) 
for 2 times, and then suspended in the 1ml of the 
same buffer solution. The cell suspension was 
broken for 20min by Ultrasonic crusher ( working 
for 5s and stopping for 5s) in at the condition of ice 
bath, and then centrifugated at 10000g for 10min at 
4°C. The supernatant was the crude enzyme liquid. 
The 1mL of the crude enzyme, 3mL of the  
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50mmol/L phosphate buffer solution and the final 
concentration  

20 mL of DON were mixed and cultured for 
6h under the different conditions of pH(5.0-9.0) and 
temperature(15-40°C). After termination of the 
reaction, the remains of DON was detected by DON 
ELISA kit. The control group was LB culture 
medium and the supernatant of the cells lysis.  

 
 
RESULTS AND DISCUSSIONS 
 

Screening and identification of the 
degrading bacteria. It was showed that 3 strains 
from the feces had the abiltiy of degrading DON by 
using enrichement culture methods and DON as the 
only carbon source. A bacterial strain(named C1-5-
9) that had the highest ability of degrading DON 
was selected. The strain C1-5-9 is a Gram-positive, 
spore-forming,-shaped bacterium. The sequence of 
its 16S rDNA was 1450bp, accepted by GenBank 
and the accession number was KP998482.1, 
revealed that C1-5-9 is closely related to the 
Bacillus circulans, which belongs to the genus 
Bacillus, as illustrated in the phylogenetic tree in 
Fig. 1. On the basis of these characteristics, C1-5-9 
was inferred to be a member of the Bacillus 
circulans. 

 
Degradation characteristics of strain under 

pure culture conditions. Effect of the initial pH 
and different temperature on the degradation ability 
of the strain C1-5-9 

The degradation ability of the strain C1-5-9 in 
different initial pH was shown in Figure 2. And the 
growth of the strain C1-5-9 and the ability of the 
strain C1-5-9 under the different initial pH 
conditions were shown in Figure 3. From the Figure 
2 and 3, It was showed that the initial pH has great 
influence on the growth of the strain and 
degradation of DON. The strain could grow in pH 
at 6.0-9.0, and it grew well in pH at 7.0-8.0. 
However, the strain could not grow well and the 
degradation rate were low when the the pH at 5.0 
and 10.0. 

The degradation ability of the strain C1-5-9 at 
different temperatures was shown in Figure 4. The 
results showed that it was increased gradually with 
the increase of temperature in the range of 
10°C~37°C. The degradation ability was the best 
when the temperature was in the range of 30°C-
37°C, and the degradation rate were reached to 97% 
and 99% at 30°C and 37°C for incubating for 140h 
respectively . It showed that the degradation rate of 
DON was little difference when the temperature 
were at 30°C and 37°C. It maybe because that it 
was no difference that the strain grew at 30°C and 
37°C. However, the degradation rate was lower 
when the temperature was at 10°C , 20°C and 40°C 
than that were at 30°C and 37°C. The degradation 
rate was very low at first when the temperature 
were in the range of 10°C-20°C, but it was 
increased in the later period of degradation. It may 
be that the degradation ability of the strains was 
restored after a period of adaptation. 

 
FIGURE 1  

Phylogenetic tree based on 16S rRNA gene sequences of the strain C1-5-9(KP998482) and 
related microorganisms. 0.005 substitutions per nucleotide position. 
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FIGURE 2 
Effect of different initial pH on degradation of DON. 

 
 

FIGURE 3 
Degradation of DON and growth of the strain Bacillus circulans 

C1-5-9 at diffetent initial pH. 
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FIGURE 4  
Effect of different culture temperature on degradation of DON. 

 
 

The effect of nutrient substrate on the 
degradation. The effect of the strain on the 
degradation of DON could be significantly 
improved by the addition of exogenous nutrients in 
the MM liquid. The growth of the strain and the 
degradation rate of DON were all increased with 
the additon of exogenous nutrients, and the 
degradation rate reached to 98.85% at 180h with 
adding peptone. The degradation rate effected by 
adding the organic nitrogen source was better than 
by adding organic carbon source. The strain can use 
the exogenous nutrient and DON at the same time. 

 
Growth and degradation characteristics of 

strain Bacillus circulans C1-5-9 at the optimal 
conditions. The growth and degradation of the 
strain was studied at the optimal temperature 37°C, 
pH7.0 and the MM medium containing 500mg/L of 
peptone, which conditions were determined as 
above.  The strain entered the exponential phase at 
12h, and the degradation rate of DON increased 
with the increase of the number of the bacterial 
cells. The residue of the DON only 0.22 /ml at 
72h as it was shown in Figure 6. This result showed 
that at the optimal conditions, It improved the 
dagradation rate and shortened the time of 
degradation. 

Determination of the crude enzyme 
degradation. The effects of the temperature and pH 
on the enzymatic degradation of the crude enzyme 
extracted from the strain was shown in Figure 7 and 
Figure 8. It showed that the high degradation 
activity of the crude enzyme were at the 
temperature 25°C~40°C, and the optimum 
degradation temperature of the strain was 37°C. It 
could be speculated that the degradation enzyme of 
the crude enzyme had good thermal stability. The 
crude enzyme had the highest degradation rate of 
DON at pH 7, and the degradation rate at pH 
6.0~9.0 was more than 80%. It showed that the 
degradation enzyme was not sensitive to pH and 
had a strong tolerance to pH. 

The crude enzyme had the activity of 
degrading DON, which showed that the key 
enzymes of degrading DON were contained in the 
crude enzyme. In MM culture medium without 
DON, the strain C1-5-9 was not able to grow, and 
the activity of degrading DON was not detected in 
the cell extracts of the strain. The srtain could be 
grow well in LB medium, but the activity of the 
crude enzyme was very low( Data not shown). It 
was speculated that the degradation of the enzyme 
is inducible enzyme. 

 
 

 
 
 
 
 
 

FIGURE 4  
Effect of different culture temperature on degradation of DON. 
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FIGURE 5  
Effect of different nutrient substrate on degradation of DON. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FIGURE 6  
Degradation of DON and the growth of Bacillus circulans  

C1-5-9 at the optimal conditions. 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 5 
Effect of different nutrient substrate on degradation of DON.

FIGURE 6  
Degradation of DON and the growth of Bacillus circulans  
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FIGURE 7  

  Effect of different temperature on crude enzymatic degradation of DON. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 

FIGURE 8  
Effect of pH on crude enzymatic degradation of DON. 

 
 
CONCLUSION 
 

In conclusion, our work has successfully 
isolated a higher degrading DON bacteria from the 
feces of the hens, which were named as Bacillus 
circulans C1-5-9. It is a new bacterial resource for 
degrading DON, and the degradation rate of the 
strain for DON(20 g/ml) was 98.85 % when 
incubated for 72 h at 37°C and pH7.0 with nitrogen  
source such as peptone in a rotary shaker (180 
rpm). And the catabolic enzymes of the strain were  
 

 
the extracellular enzyme, and had a strong tolerance 
to pH and good thermal stability.  
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ABSTRACT 
 
The aim of the study was assessment and 

analyze the burning process of black locust wood in 
a low-temperature water boiler with upper grate 
combustion. Tests were carried out by varying of 
supply primary and secondary air in the context of 
reduction emission of CO, NO and SO2, and  to 
achieve the smallest chimney energy loss. The 
result of the research is that ecologically acceptable 
black locust wood burning in the boiler low-
temperature hot water boiler with upper grate 
combustion, can occur at ensuring that in each 
phase combustion air supply in excess of not more 
than  = 2. With these assumptions a black locust 
wood burning causes minimal emissions of CO, NO 
and SO2 into the atmosphere thereby obtained a 
high pyrotechnic efficiency ranged about 80%. 
Improvement of combustion of wood in these 
heating devices is seen in the feeding of primary 
and secondary air in conjunction with the control of 
the excess in relation to the phases of the 
combustion process.  The analysis should be 
subjected to the initial and final phase of the 
combustion process of wood logs in relation to the 
construction solutions of boilers. 
 
 
KEYWORDS:  
Black locust, biomass combustion, emissions 
 
 
INTRODUCTION 
 

Black locust is gaining popularity as an energy 
crop species, due to the biological characteristics of 
the species allowing the rapid growth and obtain the 
significant increase wood logs based on crops of  
arable land where nutrients condition is low [1; 2].  
Equally black locust wood has desired technical 
parameters such as moisture after cutting, heat of 
combustion and the density [3; 4; 5]. Hence, this 
species is grown for energy purposes on large 
surfaces, mainly native habitat conditions in North 
America [6] as well as introduced species in other 
countries, for example in Hungary, Germany and 
China [7]. 

Single-family residential construction usually 
utilises individual heat sources. The approximate 
number of hard-coal-fired and wood logs devices 
adapted to be fired (central-heating boilers, ceramic 
stoves, metal and kitchen stoves) amounts to over 
17 million units. Unfortunately, despite their high 
quality parameters, these carbons are fired in 
obsolete stoves and boilers, or in boilers for coke 
firing, which, among other things, results in high 
emissions into the air. This group of traditional 
low-power boilers and stoves is characterised by 
manual, periodic fuel feeding, the lack of strict 
quality requirements for fuels, and by low-energy 
efficiency (65-75%) and high emissions, except for 
boilers with primary- and secondary-air division 
and boilers with a primary degassing chamber [8; 9; 
10]. 

The combustion process of wood fuels and 
other types of fuel should be characterised by 
complete fuel burn-up and low emissions of 
combustion products. Contemporary heating 
equipment utilising solid biofuels, fired with wood 
logs or wood pellets, are today highly-efficient 
machines for heat generation. There are many 
solutions for plant biomass combustion or co-firing 
plants that facilitate the efficient utilisation of 
energy contained therein. The selection of an 
appropriate combustion technology is conditional 
on system power, physical and chemical parameters 
of fuel, and the size and shape of fuel [11; 12]. 
Another important thing is that the combustion of 
biomass fuels takes place at a flame temperature of 
up to 850°C  during combustion  and below 
400°C during granulate incandescence [13; 14; 15]. 
Modern heating devices for solid biofuels, fed with 
wood logs or pellet today are high-performance 
machines that produce heat. On the other hand, it is 
often the case that biomass fuels are fired using the 
same heating equipment as for coal firing, mainly 
due to the substantial costs of upgrading the system. 
This results not only in the reduced efficiency of 
such combustion, but, more importantly, with 
varied emissions of such substances as carbon 
oxide (CO), nitrous oxides (NOx) and sulphur 
dioxide (SO2). There is no monitoring of these 
emissions. Literature also seems to be lacking 
information on the volume of such emissions for 
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the phases of the combustion process and kind of 
the form of biofuels used [16; 17]. 

The aim of the study was assessment and 
analyze the burning process of black locust wood in 
a low-temperature water boiler with upper grate 
combustion.  Tests were carried out by varying of 
supply primary and secondary air in the context of 
reduction emission of CO, NO and SO2, and  to 
achieve the smallest chimney energy loss. 

 
 

MATERIALS AND METHODS 
 
The research used as fuel logs wood of black 

locust. Dimensions wood billets were measured 
using a calliper. Defined also its basic technical 
characteristics, using the following methods to the 
mark in working condition:  

 moisture  the gravimetric method in line 
with the PN-EN 14774-1:2010 standard [18]; 

 density  the ksylometric method; 
 heat of combustion  in line with the PN-

EN 14918:2010 standard [19]; 
 ash content  in line with the PN-EN 

14775:2010 standard [20]. 
Test stand are: bottom-combustion upper 

boiler with a fixed grate with a nominal power of 
10 kW, fed periodically (Fig. 1). Furthermore, it 
was equipped with an airflow ventilator,  secondary 

air fan as well as and a service liquid circulation 
pump. These devices were controlled using an ST-
28 microprocessor controller. Water flow rate in the 
boiler amounted to 85 dm3·h-1. The boiler was 
connected to the chimney made of a steel pipe with 
a diameter of 0.1 m and a length of 3 m. 
Combustion gases were collected from the chimney 
at a distance of 1 m from the smoke conduit. A 
measuring probe was connected to the Madur 
Eljack Electronics PGD-100 gas conditioner, from 
which gasses were directed to an exhaust-gas 
analyser Photon Madur Eljack Electronics. The gas 
measurements from NDIR sensors were for CO, 
NOx, SO2, whereas electrochemical sensors 
measured O2. The temperature of the exhaust gas 
and air supplied to the boiler was measured by 
means of sensors NiCr-Ni (K), and PT-500. 

The measurement and temperature of exhaust-
gas contents was conducted continuously, i.e. from 
initiation (ignition) to burning out. The results were 
recorded in the analyser database every 2 seconds. 
Air fuel ratio ( ) was calculated using the formula: 

 
 = 20,95/(20,95-O2) 

 
where: 
O2  oxygen content by volume in dry gas 

[%]. 

 
 
 

 
Source: own study 
 

 
FIGURE 1 

Diagram of measuring system: 1- heat exchanger, 2- water flow rate meter, 3- air fan, 4-flow meter, 
5- pump operating fluid, 6- boiler, 7- microprocessor-based controller boiler, 8- secondary air fun, 9-

probe with heated hoses, 10-dryer flue gas, 11-gas analyzer, 12- personal computer. 
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TABLE 1 
Characteristic of variables during tests. 

 

No. Signature Primary air 
Flow rate of 
primary air 

[m·s-1] 

Secondary 
air 

Flow rate of 
secondary air 

[m·s-1] 

1 PA1 + 0,36 - 0  
2 PA2 + 0,98 - 0 
3 PA3 + 1,23 - 0 
4 PA4 + 1,43 - 0 
5 PA5 + 2,6 - 0 
6 PA1SA + 0,36 + 0,98 
7 PA2SA + 0,98 + 0,98 
8 PA3SA + 1,23 + 0,98 
9 PA4SA + 1,43 + 0,98 
10 PA5SA + 2,6 + 0,98 

            +/-  appear/lack  
 
 
Calculated also exhaust gas losses (qA) and a 

pyrotechnic efficiency (ETA) based on the data 
collected from completed combustion processes. 
The loss of exhaust gas is defined as the difference 
between the exhaust gas temperature and the 
temperature of the mixture burnt in relation to fuel 
properties and the amount of oxygen in the exhaust 
gas. To calculate this magnitude used the following 
formula [13]: 

)
95,20

()(
2

2 B
O

A
ttq LAA

 [%] 

where: 
qA  loss of exhaust gas [%]; 
tA  air temperature [ºC]; 
tL  temperature of combusted mixture [°C]; 
O2  oxygen content by volume in dry gas [%]; 
A2  characteristic coefficient for fuel - biomass  
0,650; 
B  characteristic coefficient for fuel - biomass  
0,008. 

However, the difference between a loss of 
gases and a whole represented exhaust pyrotechnic 
performance ETA. During researches burned fuel 
samples a weight of 2 kg, by modifying the primary 
and secondary air. Therefore, performed ten 
different tests in three reps. The variables used in 
the study are shown in Table 1. 

The obtained concentration results of CO, 
NOx and SO2 in exhaust gases was juxtaposed to a 
dry exhaust-gas jet volume containing 10% of 
oxygen and to normal conditions  (mg·m-3) at 0°C 
and 1013 mbar, in line with the guidelines of the 
PN-EN 303-5:2002 standard [21]. The data group 
included three stages in the combustion process, 
which were subject to statistical analysis using the 
STATISTICA 10.0 software by means of the two-
way analysis of variance and Tukey's test. The 
materiality level in all analyses was defined 
0.05. 

RESULTS 
 

The average values of the physical properties 
of the black locust wood  logs in question are 
presented in Table 2.  

 
TABLE 2 

Physical properties of black locust wood. 
 

Fuel parameters in the 
working state- 

mean values 
Unit 

Black locust 
wood logs 

Length mm 300 
Width mm 30 

Moisture % 10 
Heat of combustion MJ·kg-1 18,38 

Ash % 0,36 
 
The respective stages of the combustion 

process of individual raw materials can be 
identified by observing the oxygen content in 
combustion gas. The first stage commenced with 
the ignition of the fuel and lasted until the lowest 
stable oxygen content in combustion gas had been 
reached. Next, the second stage began, in which the 
oxygen content in exhaust gas remained stable. The 
third stage, including the afterburning of fuel, 
commenced as the oxygen content in combustion 
gas started to grow, and lasted till the end of the 
oxidation reaction. Phases of the combustion 
process are important for the analysis of the results, 
which in the literature omit the initial phase and 
final portion of fuel combustion process. 

Figure 1 shows the mean values of CO 
emission indicators converted to normal conditions 
10% of the oxygen in the exhaust and combined 
with the corresponding mean values of indicators of 
excess air in the three analyzed phases of 
combustion. 
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FIGURE 1 
Effect of feeding air way to the mean of CO emission factors at the combustion process of black 

locust wood with detailing its phases (a-a, b-b etc. homogeneous groups). 
 
The mean values of CO emission indicators in 

the combustion process of black locust wood with 
detailing its phases depending on the air delivery 
were varied. The smallest value (slightly more than 
2500 mg·Nm-3 at 10% O2) were observed during 
the combustion tests with the three lowest primary 
air flow velocities and the lowest rate of secondary 
air - PA1SA; PA2SA and PA3SA. The values of 
phases 1 and 3 in relation to phase 2 were 
approximately twice as large (Figure 1). In these 
tests, the excess air indicator typically maintained at 
a level less than 2, only in phase 3 the excess air 
was greater and the indicator was about 6. 
However, in tests using only primary air (PA1, 
PA2, PA3, PA4 and PA5) was observed that with 
increasing velocity of air blowing into the boiler 
increased emission of carbon monoxide (CO). In 
phase 1 and 3 it was 2-3 times higher than in the 
identical setting of the primary air but using the 
secondary air. The excess air ranged from 2 to 6 
depending on the phase (Figure 1). It was also 
observed that the greatest emissions, significantly 
exceeding the standard for biomass fuels (stored in 
the PN-EN 303-5:2002) occurred in phase 3. 
Reduction of CO emissions also not obtained using 
the higher velocity of the secondary air - PA4SA 
tests and PA5SA - and even given a 
counterproductive. The excess air in the tests in 
phases 1-3 were approximately 6, 10 and 14 (Figure 
1). 

Statistical analysis showed significant 

differences between the mean values of CO 
emission indicators in particular phases of tests and 
Tukey's test carried out pointed to the CO emission 
indicators in phases 1-3, respectively 9, 5 and 4 
homogeneous groups (Figure 1). 
Effect of feeding air way to the mean values of NO 
emission indicators at the combustion process of 
black locust wood with detailing its phases is 
shown in Figure 2. 

The mean values of NO emission indicators in 
combustion process of black locust wood with 
detailing its phases depending on the method of 
feeding of air were less differentiated than for CO 
emission indicators. The smallest values at the level 
of 200- -3 at 10% O2 were observed 
during the test burn with the primary air velocity of 

-1 and the lowest secondary air velocity - 
test PA2SA (Figure 2). During the tests, PA1-PA4, 
PA1SA and PA3SA, the emissions were higher by 

-3 at 10% O2. In this tests, 
the emissions of NO in relation to the sequentially 
occurring phases of the combustion process 
generally characterized by a decreasing trend. 
Whereas the excess air indicator generally 
maintained at about 2 only in phase 3 was higher 
and was about 6. However, in tests PA5, PA4SA 
and PA5SA, in which the excess air was higher, 
emission of NO was almost two times higher than 
for others (Figure 2). 
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FIGURE 2 
Effect of feeding air way to the mean emission factors of NO at the combustion process of black 

locust wood with detailing its phases (a-a, b-b etc. homogeneous groups). 
 
Statistical analysis showed significant 

differences between the mean values of NO 
emission indicators in particular phases of tests and 
Tukey  test carried out pointed to NO emission 
indicators in phases 1-3 respectively 6, 5 and 3 
homogeneous groups (Figure 2). The mean values 
of emission of SO2 by combustion process of black 
locust wood with detailing its phases depending on 
the method of feeding air way were varied with 

similar variability as the values of CO emission 
indicators. 

The lowest values were observed during the 
combustion test with three lowest velocities 
primary air and secondary air lowest velocity - the 
tests PA1SA; PA2SA and PA3SA. The values of 
the phases 1 and 3 in relation to phase 2 were about 
100% higher, only PA2SA test remained at the 

-3 at 
 

 
 

FIGURE 3 
Effect of feeding air way to the mean emission factors of SO2 at the combustion process of black 

locust wood with detailing its phases (a-a, b-b etc. homogeneous groups). 
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FIGURE 4 
Effect of feeding air way to the pyrotechnic performance (ETA) at the combustion process of black 

locust wood with detailing its phases. 
 
 
10% O2 (Figure 3). However, in the tests using 

only primary air (PA1, PA2, PA3, PA4 and PA5) 
significant differences analyzed values were 
observed. The second phase of the combustion 
process in these trials characterized by the lowest 
SO2 

-3 at 10% O2, while 
the other two issues were higher and sometimes 
even five times. Especially for SO2 emission factors 
observed that the greatest emissions, much higher 
than in the other tests occurred using the largest 
velocity of primary and secondary air - PA4SA and 
PA5SA (Figure 3). 

Statistical analysis showed significant 
differences between the mean values of SO2 
emission factors during the particular phases of 
tests and Tukey  test carried out pointed to  
emission factors in phases 1-3 respectively 9, 9 and 
4 homogeneous groups (Figure 3).Figure 4 shows 
the effect of feeding air way on pyrotechnic 
performance (ETA) in the combustion process of 
black locust wood with detailing its phases. 

In the test conditions the highest of 
pyrotechnic efficiency for PA1 and PA2 for which 
the mean values exceed 80% were observed. 
Slightly lower values in the range of 70-80% were 
observed for the PA1SA and PA2SA, where also 
primary and secondary air had been fed. The lowest 
pyrotechnic efficiency during the ongoing studies 
(below 70%) reached the variants with the greatest 
air velocities  PA4, PA5, PA4SA and PA5SA 
(Figure 4). 

Statistical analysis showed significant 
differences between the mean values pyrotechnical 

efficiency during the particular phases of tests and 

indicators in phases 1-3 respectively 3, 2 and 0 
homogeneous groups (Figure 4). 

 
 
DISCUSSION 
 

Analysis of the results classified in different 
phases of combustion and for black locust wood 
logs is difficult because the available literature data 
concerning emissions of CO, NO and SO2 include 
general values for wood without distinguishing by 
species and the mean values for the whole 
combustion process. Often they are emissions from 
different structurally heating devices and laboratory 
positions. Black locust wood is generally regarded 
as a valuable fuel material and tillage of this tree 
stands for energy purposes occupies major parts of 
the world. Therefore, analysis is necessary for 
combustion process taking into account chemical 
and physical properties of this biofuel. 

A characteristic feature of solid biofuels is 
high content of volatile particles and associated 
with this, varied in terms the phases of combustion. 
Drying, burning of polycyclic hydrocarbons and 
other simpler forms, and finally burning only the 
coal, creates a problem in that each of these phase 
needs a completely different aeration conditions. 
Drying in principle does not need oxygen, while the 
combustion of hydrocarbons need a suitable amount 
of air, that will cover the demand for oxygen in the 
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reaction of oxidation in low excess. This affects the 
emissions of carbon monoxide, which for maintain 
the lowest value requires proper air ratio for fuel 
[10; 13]. The technique of the upper combustion, 
combustion countercurrent, of the traditional 
domestic installations (furnaces, boilers) using in a 
spread, individual heating systems, characterized 
not only by high emissions but also low energy 
efficiency [8]. 

The burning of biomass in such devices 
without heating the air distribution division on 
primary and secondary leads to a reduction of 
efficiency process and significant value of CO 
emissions. However, NO and SO2 emissions 
depend mainly on the content of nitrogen and sulfur 
in biomass [22]. Moreover, staged combustion of 
biomass fuels is also a method to reduce the 
thermal emission of NO and SO2 [23].  

By Kordylewski [24] and Juszczak [25] during 
combustion of wood from the furnaces a carbon 
monoxide is emitted, typically in the range of 
100÷1000 mg·m-3. In adverse conditions 
combustion its participation in the exhaust gas can 
reach up to a few percent. While a typical NO 
emissions in the combustion of wood is in the range 
from 170 to 920 mg·m-3, and due to the limited 
sulfur content in the wood there is no emission of 
SO2. 

However, in studies Temmerman et al. [26] 
were analyzed burning wood for the emission of 
CO, NO and SO2 at 13% O2 content in the flue gas 
amount to 189.98; 144.09 and 14.06 mg·Nm-3. In 
studies Nosek et al. [27] were analyzed burning 
wood for the emission of CO and NOx content in 
the flue gas amount to 5000-7000; 8-110 mg·m-3.  

In the course of studies was found, that black 
locust wood burning in respect of different air 
delivery systems and division on particular phases 
of this process, the most effective nullify the 
emissions of CO, NO and SO2 led feeding air in 
two phases as primary and secondary so as to 
maintain the excess to 2 - tests PA1SA, PA2SA, 
PA3SA. The emission factors analyzed for these 
biofuels in second phase of the combustion process 
were comparable with data given from literature 
[24; 26]. For the other used to test fuels, emissions 
of CO, NO and SO2 were much higher, particularly 
when fed velocities primary and secondary air 
above 1,5 and 2 m·s-1. Equally pyrotechnic 
efficiency of the combustion processes for the 
variants, where the velocity of primary and 
secondary air was the lowest ranged from 70 to just 
over 80% - PA1, PA2, PA1SA and PA2SA. In 
other cases the efficiency was about 70%. 

In this study was observed a significant 
emissions of CO, NO and SO2 into the atmosphere. 
Especially differential values were noted in the 
pending phases of black locust wood combustion 
for CO emissions. The study indicated direction to 
minimize these emissions through the selection of 

air distribution. It should be noted that using the 
electronic controller of the combustion process is 
required to develop accurate algorithms that control 
the air flow to the boiler. 

 
 

CONCLUSIONS 
 

1. Ecologically acceptable black locust wood 
burning in the boiler low-temperature hot water 
boiler with upper grate combustion, can occur at 
ensuring that in each phase combustion air supply 
in excess of not more than  = 2. With these 
assumptions a black locust wood burning causes 
minimal emissions of CO, NO and SO2 into the 
atmosphere thereby obtained a high pyrotechnic 
efficiency ranged about 80%. 

2. Improvement of combustion of wood in 
these heating devices is seen in the feeding of 
primary and secondary air in conjunction with the 
control of the excess in relation to the phases of the 
combustion process. 

3. The analysis should be subjected to the 
initial and final phase of the combustion process of 
wood logs in relation to the construction solutions 
of boilers.  Expedient would be to extend studies to 
other species and forms of biomass plant and their 
impact on the course of the combustion process 
low-power devices. 
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ABSTRACT 
 

From 2013 to 2014, three different urban 
functional areas, commercial and industrial area C1, 
residential area C2 and landscape area C3, in Guang-
Ming New District of Shenzhen, China, were 
selected as the study area. Runoff quantity and 
concentrations of six pollutants of 32 rainfall runoff 
events were monitored. Event Mean Concentrations 
(EMCs), Mass First Flush (MFFn), first flush 
strength and probabilities of the six pollutants were 
analyzed. Correlation between EMCs and rainfall 
characteristics and first flush control volume for 
three different catchments were discussed. Results 
showed that the mean EMCs for SS, COD and TP 
in catchment C1 were 2.4, 3.4 and 2.5 times than 
that in catchment C2, 3.2; 3.1 and 1.3 times than 
that in catchment C3. The catchment C2 was 
recorded the highest mean EMC for TN. About 
70~80% of rainfall events can exhibit first flush 
phenomenon, but no strong flush (30/80) in the 
study area. Based on the probability of first flush 
from high to low, the sequence of three catchments 
was C1 C2 C3. The catchment C2 recorded the 
highest first flush strength and then was followed 
by the catchment C1 and C3. The sequence of 
pollutants based on first flush strength from high to 
low was SS COD TP TN. In order to control 
runoff pollutants, 7 mm for catchment C1 and C2, 8 
mm for catchment C3 were suggested as first flush 
control volume.  
 
 
KEYWORDS:  
Urban road runoff; EMC; MFFn; First flush strength; 
First flush control volume. 
 
 
INTRODUCTION 

 
With the construction of residential and 

commercial areas, factory areas, traffic roads and et 
al, an increase in impervious underlying surfaces 
led to more runoff and faster mobilization and 
transport of pollutant in urbanized and 
industrialized areas [1,2]. Pollutants accumulated 

significantly in runoff can seriously threaten urban 
water environment quality, especially in the first 
part of a storm runoff event [3,4]. However, runoff 
characteristics of various pollutants are great 
randomness, variability and complexity [5,6]. 
Therefore, it is of great significance to determine 
runoff pollutants characteristics with scientific 
basis. Many researches showed runoff 
characteristics and first flush differed with land use, 
surface sediments, human activities and et al. 
besides rainfall characteristics (rainfall depth, 
duration, mean intensity, max intensity and 
antecedent dry days)[7-9]. Qianqian Zhang et al 
found the road with a high slope would lead to 
higher runoff velocity and stronger flushing [10]. 
Monitoring results by Sea-Won Kim et al also 
showed that runoff characteristics of non-point 
pollutants in different land uses were distinctly 
different and sit-specific [11]. However, some 
results indicated that land use variation did not 
affect first flush strength for pollutants yet [12]. It 
would be helpful to design more effective 
stormwater control measures by understanding 
patterns in pollutant export with respect to the 
runoff hydrograph. In order to assess the effects of 
different urban functional areas on runoff pollutant 
characteristics and first flush, a monitoring activity 
and field measurements of runoff quantity and 
concentrations of six pollutants were carried out 
during 32 rainfall events from 2013 to 2014 in 
Guang-Ming New District of Shenzhen, China. 
Three different urban functional catchments, 
commercial and industrial area C1, residential area 
C2 and landscape area C3 were selected as the study 
area. Event Mean Concentrations (EMCs), Mass 
First Flush (MFFn), first flush strength and 
probabilities of the six pollutants were analyzed. 
Correlation between EMCs and rainfall 
characteristics and first flush control volume for 
three different catchments were discussed. 
 

 
MATERIALS AND METHODS 

 
Study area description. The study area was 

located in Guang-Ming New District, a being 
urbanized and industrializing district of Shenzhen  
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FIGURE 1 

Map of study area and locations of study catchments. 
 
 
in south China. It has a mild, subtropical 

maritime monsoon climate. The average annual 
temperature is 22  and average annual relative 
humidity is 79%. The perennial prevailing wind 
direction is northeast and southeast. The average 
annual precipitation is 1615 mm, 86% of which 
falls from April to September. Typhoon usually 
accompanied by heavy storms is most likely to 
occur from June to August. The average frequency 
is 4.8 times per year.  

Runoff samples were collected from three 
different urban functional catchments: commercial 
and industrial area C1, residential area C2, landscape 
area C3 (Figure 1). 

Catchment C1 is made up of impermeable 
asphalt motorway, impermeable asphalt pavement 
and permeable green belt. The total impermeable 

and permeable areas occupy 89% and 11% 
respectively. C1 is encircled by electronic factories 
and commercial buildings. Moreover, a high speed 
rail station is nearby the catchment. Catchment C2 
contains 76% impermeable asphalt motorway, 13% 
permeable brick pavement and 11% permeable 
green belt. It is surrounded by residential buildings, 
construction building sites and a park. Catchment 
C3 lies in the park and is made up of 66% 
impermeable asphalt pavement and 34% permeable 
grassy area on a slope. Basic characteristics of three 
catchments are summarized in Table 1. 

All study areas belong to public urban areas in 
Shenzhen. The field studies did not involve 
endangered or protected species. No specific 
permission was required. 

 
 
 

TABLE 1  
Basic characteristics of three catchments. 

 

Characteristics C1 C2 C3 

Total area(hm2) 0.767  0.694  0.65 
Impervious area (%) 89 76 66 

 9 30 10 
Drainage system Separate Separate Separate 
Average traffics 

(vehicles/h) 
410 145 - 
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TABLE 2  
Analysis methods of runoff pollutants. 

 

Item Analysis method Standard  

SS Weight method GB 11901-89 
COD Rapid digestion and spectrophotometric method HB/T 399-2007 

NH4-N Nessler's reagent spectrophotometry method HJ 535-2009 

NO3-N Phenol disulfonic acid spectrophotometric method HJ/T 346-2007 

TN UV spectrophotometry method HJ 636-2012 

TP Persulfate digestion spectrophotometric method GB 11893-89 
 

 
Sampling and analyses. Rainfall amounts and 

durations were automatically recorded by rain 
gauge (JDZ-1, China). To measure the runoff flow 
rate of the road, automated flow meters (Hach9000, 
USA) were installed at the inlet of the drainage 
network in the gully. Samples were collected 
manually by researchers with rich sampling 
experience in the rainfall events. Once runoff flow 
was observed, sampling was conducted at 5-min 
intervals in the first 30 min, then at 10-min intervals 
during 30 to 60 min and at 30-min intervals 
afterwards. The samples were stored in 500ml 
polyethylene bottles at the sites. They were placed 
in containers with ice bags and transported to the 
laboratory for chemical analyses. Concentrations of 
six pollutants - suspended solids (SS), chemical 
oxygen demand (COD), ammonia nitrogen (NH4-
N), nitrate nitrogen (NO3-N), total nitrogen (TN) 
and total phosphorus (TP) - were analyzed 
according to China standard methods. The analysis 
methods are summarized in Table 2. 

 
Event mean concentration (EMC). Taking 

into account high variability of pollutant 
concentrations throughout a given rainfall runoff 
event, a single index known as EMC was used to 
compare the pollution between rainfall events [11]. 
The EMC represents a flow-weighted average 
concentration computed as the total pollutant mass 
divided by the total runoff volume for an event 
duration, as shown in Eq. (1) [13]. 

 

0

0

( ) ( )

( )

t

t

c t q t dtM
EMC

V q t dt
               (1) 

 
Where, M is the total pollutant mass over 

entire event duration, mg; V is the total runoff 
volume over entire event duration, L; c(t) is the 
pollutant concentration as function of time, mg·L-1; 
q(t) is runoff flow rate as function of time, L·min-1; 
t represents time over entire runoff duration, min. 

 

Mass First Flush (MFFn). MFFn is a ratio of 
cumulative mass to the cumulative flow volume 
[14-16]. It is defined as follows: 

 

n

0

0

( ) ( )

( )

t

t

c t q t dt

MMFF
q t dt

V

                            (2) 

Where, n is the percentage of cumulative 
runoff volume, rang from 0 to 100%; M is the total 
pollutant mass over entire event duration, mg; V is 
the total runoff volume over entire event duration, 
L; c(t) is the pollutant concentration as function of 
time, mg·L-1; q(t) is runoff flow rate as function of 
time, L·min-1; t is the time from runoff occurrence 
to when the n% cumulative runoff is observed, min.  

MFFn is used as an index for first flush 
intensity. First flush phenomenon occurs if MFFn 
>1.0 [14]. 

 
First flush strength. The first flush strength is 

quantified by relating the cumulative pollutant mass 
to cumulative runoff volume using a power 
function as follows [9]: 

 

( ) ( )
b

m t v t                                             (3) 

 
Where, m(t) is normalized dimensionless 

cumulative mass; v(t) is normalized dimensionless 
cumulative runoff volume; b is the first flush 
coefficient. Eq. (3) is log transformed to yield a 
linear regression as shown in Eq. (4). 

 
( ) ( )Inm t bInv t                                       (4)         

The first flush strengths for various 
constituents are categorized as 4 zones: zone 1 (0

 (0.185 .862) 
moderate flush; zone 3 (0.862 1.0) weak flush; 
zone 4 (1.0 + ) no first flush [17]. 
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TABLE 3  
Rainfall characteristics of sampled events. 

 

Catchment Variable
Rd 

mm
Rdur min I  

(mm/min)
Imax

mm/min
ADD h

C1 

(n=10) 

Min/max 1.8/42.9 26/255 0.02/0.78 0.3/2.8 5/232 

Median/mean 12.2/14.2 127/113.6 0.15/0.2 1.0/1.05 29/60.3 

SD/C.V 11.3/0.8 63.8/0.6 0.25/1.2 0.8/0.77 69.3/1.1 
 

C2 
(n=7) 

Min/max 5.1/17.0 35/130 0.04/0.26 0.3/2.8 23/144 

Median/mean 11.4/12.0 56/72.9 0.23/0.18 1.5/1.37 96/81.4 

SD/C.V 3.7/0.3 31.8/0.44 0.08/0.44 0.77/0.56 39.8/0.48 
 

C3 
(n=15) 

Min/max 7.1/20.0 38/114 0.13/0.39 0.3/2.8 16/176 

Median/mean 14.8/14.2 80/68.3 0.23/0.24 1.0/1.3 72/78.8 

SD/C.V 3.6/0.3 29.3/0.4 0.1/0.4 0.6/0.5 56.1/0.7 

Statistical analysis. Pearson product-moment 
correlation coefficient was used to analyze the 
correlation of EMC and rainfall characteristics. 
Kolmogorov-Smirnov test was used to examine the 
validity of normal distribution. Pearson correlation 
and Kolmogorov-Smirnov test were performed in 
SPSS 19.0 (SPSS Inc., USA). 

 
 

RESULTS 
 
Rainfall characteristics. A total of 32 rainfall 

events were sampled at three catchments, 10 events 
at catchment C1, 7 events at catchment C2, and 15 
events at catchment C3, from May 2013 to 
September 2014. The rainfall variables, namely 
rainfall depth (Rd), rainfall duration (Rdur), average 
rainfall intensity (I), max rainfall intensity (Imax) 
and antecedent dry days (ADD) are given in Table 
3. 

The rainfall depths range from 1.8 to 42.9mm, 
Rdur from 26 to 255min, Imax from 0.3 to 
2.8mm/min, ADD from 5 to 232h. It shows that 32 
rainfall events cover the common types of rainfall, 
with a fully representative, which can provide 
reliable guarantee for the results. 

 
Event mean concentrations (EMCs). The 

calculated EMCs of different pollutants from three 
catchments are presented in Table 4. 

The catchment C1 recorded the highest means 
EMCs for SS, COD and TP. That was greatly 
associated with heavy traffic (410 vehicles/h). The 
sources of high concentrations of SS, COD and TP 
were mainly from the debris of vehicle tire and 
asphalt road. Opher and Friedlerb showed that the 

abrasion and weathering of vehicle tire and asphalt 
material in urban road could bring mass street 
sediments, which often contained hydrocarbon and 
phosphate matters [7]. Moreover, the asphalt road is 
a source of organic contamination [18,19]. At the 
same time, atmospheric deposition was another 
source of pollutants in industrial and commercial 
area [10,20]. The sediments and organic 
contamination could be washed out and lead to SS, 
COD and TP increasing in runoff. For catchment 
C2, there was the highest means EMC for TN. By 
comparison the concentrations of NH4-N and NO3-
N in three catchments, it could be concluded that 
the high concentration of organic nitrogen was the 
main reason, which was most likely associated with 
the wash-off of food waste and sullage for 
construction living activity in catchment C2. 
Compared with catchment C1 and C2, higher 
coefficients of variation of pollutants could be 
observed in catchment C3. High concentrations of 
pollutants could be caused by strong flush for the 
grassy area on a slope. Furthermore, compared with 
the corresponding values in grade V surface water 
standard of China (GB3838-2002), the mean EMCs 
for SS, COD and TP in catchments C1 were 11.8, 
4.1 and 1.5 times higher. The mean EMCs for TN 
in catchments C2 were 2.9 times higher. The mean 
EMCs for SS, COD, TN and TP in catchments C3 
were also higher. 

To sum up, in Guang-Ming New District, the 
higher traffic volume mainly contributed to SS, 
COD and TP in urban road. It also suggests that 
regular cleaning maintenance of surface cleaning is 
very important. Moreover, TN was greatly 
influenced by human activities.
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TABLE 4 
EMCs of different pollutants in different catchments. 

 

Catchment 
EMC ( mg·L-1) 

Variable SS COD NH4-N NO3-N TN TP 

C1 

Min/max 34.9/530.4 22.9/358.3 0.07/0.88 0.29/1.93 0.79/3.28 0.14/0.98 

Median/mean 361.9/352.6 162.7/162.6 0.53/0.48 1.07/1.07 1.86/2.03 0.65/0.58 

SD/C.V 170.7/0.48 110.9/0.68 0.28/0.59 0.51/0.48 0.75/0.37 0.30/0.52 
 

C2 

Min/max 45.1/248.9 12.3/82.9 0.12/1.20 0.73/2.19 0.93/13.84 0.05/0.55 

Median/mean 143.7/147.4 46.3/48.4 0.66/0.68 1.73/1.48 5.52/5.82 0.20/0.23 

SD/C.V 65.8/0.45 22.3/0.46 0.36/0.53 0.50/0.34 4.28/0.74 0.18/0.81 
 

C3 

Min/max 13.7/371.9 9.6/243.7 0.11/2.0 0.26/3.26 1.0/12.6 0.05/0.95 

Median/mean 66.1/110.8 26.5/52.6 0.64/0.81 0.81/0.95 1.94/3.47 0.46/0.43 

SD/C.V 101.7/0.92 64.2/1.22 0.55/0.68 0.74/0.78 3.24/0.93 0.31/0.71 

       

Water quality standard 30   -   

Suspended solids standard is the second category of urban wastewater discharge standards of China 
(GB18918-2002); other pollutants standards are the grade V surface water standard of China (GB3838-2002) 

 
 
Mass First Flush (MFFn). To quantitatively 

assess the first flush effect, the box plots of MFFn 
for various pollutants in three catchments were 
presented in Figure 2.  

According to figure 2, MFFn ratios for SS, 
COD, NH4-N, NO3-N, TN and TP were almost 
more than 1.0 in catchment C1. Moreover, MFFn 

ratios for above pollutants showed obvious 
decreases as runoff progress. Similar phenomena 
could be observed in MFFn ratios for SS, COD and 
TP in catchment C2, and MFFn ratios for COD, 
NH4-N and TN in catchment C3. Ming et al. showed 
that a decreasing trend in MFFn as runoff progress 
suggests dilution of pollutant concentration over 

 
 

  

 
FIGURE 2  

Box plots of MFFn of various pollutants 
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TABLE 5 
Mean MFF30 of various pollutants in three catchments. 

 

Ranking 
C1 

 
C2 

 
C3 

Variable MFF30 Variable MFF30 Variable MFF30 

1 SS 1.44 

 

SS 1.55 

 

NH4-N 1.29 

2 COD 1.42 COD 1.46 COD 1.28 

3 NO3-N 1.38 TN 1.45 TN 1.22 

4 TP 1.28 TP 1.41 TP 1.16 

5 TN 1.25 NH4-N 1.26 SS 1.06 

6 NH4-N 1.12 NO3-N 1.12 NO3-N 1.03 

 
time, which is also explained that first flush 

effect of these pollutants was strong [9]. 
The pollution loads transported by the first 

30% of runoff volume as an important benchmark 
was used to evaluate the magnitude of first flush by 
most researchers [21]. The MFF30 ratios for various 
pollutants in three catchments were ranked by their 
mean values as shown in Table 5. 

According to table 5, the highest loadings of 
SS, COD, TN and TP were observed in the first 
30% of the runoff volume in catchment C2. The 
mean MFF30 were 1.55 for SS, 1.46 for COD, 1.45 
for TN, 1.41 for TP respectively. These correspond 
to removals of 46.5% for SS, 43.8% for COD, 
43.5% for TN and 42.3% for TP in the first 30% 
runoff volume. For catchment C1, removal rates 
corresponding to mean MFF30 were 43.2% for SS, 
42.6% for COD, 41.4% for NO3-N, 38.4% for TP, 
37.5% for TN. The mean MFF30 for pollutants in 
catchment C3 were the lowest among three 
catchments. The highest removal rate was 38.7% 
for NH4-N in the first 30% of the runoff volume. 
Ming et al reported means MFF30 of 46 % for SS, 
45 % for COD, 52 % for NH4-N and 44 % for TP in 
tropical urban catchments in Johor, Malaysia [9]. 
Ma et al found means MFF30 of 44 % for SS, 39 % 
for COD, 32 % for TN and 43 % for TP in 
Dongguan City, China [22]. The results showed 
that besides rainfall intensity, rainfall amount and 
runoff depth, pollutants wash-off mechanism were 
also influenced by characteristics of the catchments. 

 

First flush strength and probability. The first 
flush coefficients, b values of various pollutants, 
are shown in Table 6.  

According to Table 6, no rain event have met 
the criterion of 30/80 proposed by Bertrand et al. 
[17], which indicates that no strong flush in 32 
rainfall runoff events at all catchments. Except SS 
and NO3-N in catchment C3, moderate and weak 
flush phenomenon was observed for other 
pollutants. Based on b values, the degree of first 
flush strengths in all catchments was C2 C1 C3. 
For catchments C1 and C2, degree of first flush 
strengths for various pollutants was SS COD TP

TN. 
Comprehensive probability of various 

pollutants in all catchments is shown in Figure 3. 
There were 70~80% of rainfall runoff events 

occurred first flush phenomenon in the study area. 
Most of them belonged to moderate flush. 
Moreover, the order of first flush probability in all 
catchments was C1 C2 C3, which indicates that 
first flush occurred easily in the residential 
catchments, commercial and industrial catchments 
rather than in the park. That was most likely related 
to the size of impervious rate. The pollutants that 
the probability of first flush was 100% included TP 
in catchment C1, SS and COD in catchment C2. The 
biggest probability for first flush in catchment C3 
was 86% for TN. Therefore, for catchment C1 and 
C2, some technologies should be designed for initial 
pollutant control. 

TABLE 6  
First flush coefficient (b values) of various pollutants. 

 

Ranking 
C1 

 
C2 

 
C3 

Variable b values Variable b values Variable b values 

1 SS 0.74 0.20 

 

SS 0.67 0.18 

 

TN 0.85 0.15 

2 COD 0.75 0.17 COD 0.70 0.14 COD 0.85 0.31 

3 NO3-N 0.79 0.08 TP 0.78 0.35 NH4-N 0.90 0.54 

4 TP 0.82 0.14 TN 0.86 0.61 TP 0.91 0.23 

5 TN 0.84 0.11 NH4-N 0.87 0.29 SS 1.04 0.42 

6 NH4-N 0.93 0.16 NO3-N 0.95 0.26 NO3-N 1.09 0.47 
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C1 C2 C3 
 

FIGURE 3 
First flush probability of various pollutants. 

 
DISCUSSION AND CONCLUSIONS 
 

Correlation of EMCs and rainfall 
characteristics. Table 7, 8, 9 showed the Pearson 
coefficients between EMCs and rainfall parameters 
with different catchments. 

SS and COD, SS and max intensity (Imax), 
COD and Imax in catchment C1 and C2 showed the 
high correlation of 0.75 (p 0.05), 0.68 (p 0.05), 
0.58 and 0.92 (p 0.01), 0.76 (p 0.05), 0.88 (p
0.05), implying that SS and COD always attach to 
each other for granular pollutants, which can be 
washed away in a stream. Imax has large impact on 
the discharge of particulate pollutants, and the 

rainfall intensity is stronger, the wash-off of SS and 
COD is easier. Moreover, for catchment C1 and C2, 
rainfall depth (Rd) and SS, Rd and COD also 
showed the high correlation, implying that Rd has 
some impact on the discharge of particulate 
pollutants in the roads. SS and TP showed a high 
pollutant correlation with 0.66 (p 0.05) in 
catchment C1. The reason for this correlation 
between SS and TP was due to that phosphorus has 
a bonding capacity with granular pollutants during 
a rain storm [23]. However, duration (Rdur), mean 
intensity (I), and antecedent dry days (ADD) 
seemed to be less correlated with the discharge 
characteristics of runoff pollutants. 

 
TABLE 7  

Pearson coefficients between EMCs and rainfall parameters for catchment C1. 

 

Variable SS COD NH4-N NO3-N TN TP Rd Rdur I Imax ADD 

SS 1.00 0.75* 0.27 0.32 0.37 0.66* 0.50 0.09 -0.21 0.68* 0.43 

COD  1.00 -0.04 0.26 0.45 0.45 0.62* 0.26 -0.06 0.58 0.45 

NH4-N   1.00 0.03 0.16 -0.26 0.02 -0.11 -0.08 0.07 0.12 

NO3-N    1.00 0.58 0.15 -0.01 -0.05 0.45 0.09 0.01 

TN     1.00 0.58 0.56 -0.06 0.64 0.15 0.66 

TP      1.00 0.05 0.51 0.02 -0.37 0.46 

Correlation is significant at the 0.05 level (two-tailed); ** Correlation is significant at the 0.01 level (two-
tailed) 

TABLE 8 
Pearson coefficients between EMCs and rainfall parameters for catchment C2. 

 
Variable SS COD NH4-N NO3-N TN TP Rd Rdur I Imax ADD 

SS 1.00 0.92** 0.57 -0.12 0.08 0.55 0.66* -0.22 0.52 0.76* -0.40 

COD  1.00 0.26 -0.34 -0.25 0.48 0.72* -0.26 0.44 0.88* -0.32 

NH4-N   1.00 0.50 0.81* 0.23 -0.14 0.20 -0.09 -0.08 -0.27 

NO3-N    1.00 0.42 0.23 -0.41 0.81* -0.71 -0.32 0.47 

TN     1.00 0.49 -0.54 0.13 -0.26 -0.65 -0.37 

TP      1.00 0.09 -0.15 0.09 -0.28 -0.31 

* Correlation is significant at the 0.05 level (two-tailed); ** Correlation is significant at the 0.01 level 
(two-tailed) 
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TABLE 9 
Pearson coefficients between EMCs and rainfall parameters for catchment C3. 

 
Variable SS COD NH4-N NO3-N TN TP Rd Rdur I Imax ADD

SS 1.00 0.21 0.48 -0.09 -0.06 0.25 0.37 0.32 -0.17 0.03 -0.22 

COD  1.00 0.69** 0.13 0.51 -0.46 -0.33 -0.02 -0.04 0.62* 0.03 

NH4-N   1.00 0.54* 0.72** -0.12 -0.11 0.22 0.36 0.29 -0.24 

NO3-N    1.00 0.83** -0.19 -0.22 0.03 -0.21 -0.18 -0.34 

TN     1.00 -0.48 -0.32 0.02 -0.28 0.15 -0.14 

TP      1.00 -0.05 0.31 -0.47 -0.53 -0.46 

* Correlation is significant at the 0.05 level (two-tailed); ** Correlation is significant at the 0.01 level 
(two-tailed) 
 
For catchment C3, COD and NH4-N, NH4-N 

and NO3-N, NH4-N and TN, NO3-N and TN 
showed the correlation of 0.69 (p 0.01), 0.54 (p
0.05), 0.72 (p 0.01), 0.83 (p 0.01), implying that 
between COD and different forms nitrogen has 
great influence on each other in dissolving pipe 
flow. Imax had large impact on the discharge of 
COD, 0.62 (p 0.05), but other rainfall parameters 
seemed to be less correlated with the runoff 
pollutants. 

To sum up, Imax and Rd are the main factors 
affecting the discharge characteristics of runoff 
pollutants in the catchment C1 and C2; Imax is the 
main factors in the catchment C3. Moreover, SS 
could be used as indicator of runoff pollutants 
control for catchments in residential or commercial 
and industrial district; COD could be adopted as 
indicator of runoff pollutants control for the 
catchments in a park. 

 
First flush control volume. First flush control 

volume is crucial for designing urban runoff quality 
control structures. BMP in US showed that the 
required runoff depth for transporting 50% of the 
total pollutant loading is particularly critical 
benchmark for urban runoff pollutants control [24], 
and first flush volume is always applied in the 
control structures. Therefore, the runoff depth for 
transporting 50% of the total pollutant loading was 
selected as the first flush control volume. 
According to the results above, SS for catchment C1 
and C2, COD for catchment C3 were used as 
indicator of runoff pollutants control. The 
proportions of abandon runoff volume for 
transporting 50% of the total pollutant loading were 
36% for catchment C1, 34% for catchment C2 and 
41% for catchment C3. Based on designed rainfall 
depths 28mm and the annual runoff control ratio of 
70% in the study area, the first flush control runoff 
depths are 7.1mm for catchment C1, 6.7mm for 
catchment C2 and 8.0mm for catchment C2, 
respectively. Among the 32 rainfall events sampled 
in the study area, runoffs of 7 out of 10 events were 
more than 7.1mm in catchment C1, that of 5 out of 7 

events were more than 6.7mm in catchment C2, that 
of 12 out of 15 events were more than 8.0mm in 
catchment C3. 

The runoff pollutants characteristics in three 
different urban functional catchments were 
researched in this study. The important results are 
shown as follows:  

According to mean EMCs of SS, COD and TP 
from high to low, the sequence of three catchments 
was C1 C2 C3. The mean EMCs for SS, COD 
and TP in catchment C1 were 2.4, 3.4 and 2.5 times 
than that in catchment C2, 3.2; 3.1 and 1.3 times 
than that in catchment C3. That was most likely 
associated with the high traffic volume. The 
catchment C2 was recorded the highest mean EMC 
for TN. Food waste from residents and sullage for 
construction living activity may be one important 
reason for this phenomena. Most runoff pollutants 
in three catchments were higher than the 
corresponding values in grade V surface water 
standard of China (GB3838-2002). 

About 70~80% of rainfall runoff events 
occurred first flush phenomenon. Most of them 
belonged to moderate flush. Based on the 
probability of first flush from high to low, the 
sequence of three catchments was C1 C2 C3.  

The catchment C2 was recorded the highest 
first flush strength, then was followed by the 
catchment C1 and C3. The sequence of pollutants 
based on first flush strength from high to low was 
SS COD TP TN. For catchment C2, removal 
rates corresponding to mean MFF30 were 46.5% for 
SS, 43.8% for COD, 43.5% for TN and 42.3% for 
TP. 

Imax and Rd were the main factors affecting 
runoff pollutants characteristics in the catchments 
C1 and C2; Imax was the main factors in the 
catchment C3. For catchments C1 and C2, SS could 
be used as main indicator to control runoff 
pollutants. For catchments C3, COD could be 
selected as indicator to control runoff pollutants. 

In order to control runoff pollutants, 7 mm for 
catchments C1 and C2, 8 mm for catchment C3, 
were suggested as first flush control volume. 
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ABSTRACT 
 
Herein this study, the endemic plants showing 

different distribution, found in small populations in 
different habitats (such as serpentine, gypsum-
bearing, calcareous etc.) and the concentration of 
the elements in the soil they grow were determined. 
It was investigated whether the soil content of 
elements of some endemic plant species unique to 
Erzincan have effects upon the spreading in limited 
habitats. Root and leaves of 7 endemic plants, 
Psephellus aucherianus, Ferulago glareosa, Silene 
dumanii, Silene nerimaniae, Tanacetum 
alyssifolium, Verbascum alyssifolium, Psephellus 
erzincani and soil samples from the area they grow 
up were collected. Elemental analysis in plants and 
soils were conducted in the laboratory with ICP-
OES device after the preliminary treatment. 
Elements of the habitats and features of collected 
soil samples were revealed. In the study, the 
correlation between element concentration in the 
roots of collected plants and element concentration 
in the soil they grew was determined.  
 
 
KEYWORDS:  
Elements, Endemic Plant, Habitat, ICP-OES 
 
 
INTRODUCTION 

 
Turkey is one of the most important countries 

of the world with its fairly rich plant diversity [1]. 
The 3.649 out of 11.707 plant species growing in 
the country are endemic [2].  Topography variety, 
soil structure, climatic conditions, the presence of 
high mountains, geological history of our country 
and its transitional feature between the two 
continents are the most important indicators of 
plant diversity [3]. Erzincan is one of the most 
important areas of Turkey in terms of its plant 
diversity. It is known that the number of endemic 
plants spreading over Erzincan has been gradually 
increasing through the studies that have been 
carried out recently, and has reached up to 437 as of 
now. Forty-eight of these plant species are 
indigenous to Erzincan. The species indigenous to 
Erzincan generally maintain their survival in 

habitats comprised of gypsum, serpentine, and 
calcareous bedrock [5-6]. Endemic plants are the 
ones spreading over a narrow area or region. It is 
necessary to understand why these species are 
endemic [7]. 

Only the species growing in gypsum-bearing 
environments are de
[8]. Verbascum alyssifolium, Psephellus erzincani 
and Tanacetum alyssifolium are included among the 
certain gypsum plants [9]. The soils including 
gypsum and serpentine have a content that limits 
the survival of plants.  Adaptation mechanisms of 
plants into these soils cannot be understood 
adequately [10, 11]. Silene dumanii and Silene 
nerimaniae are serpentinized species indigenous to 
Erzincan [9]. One of the information that should be 
obtained in order to start for the protection studies 
of a species population is to reveal the ecology of 
the species. Calcareous soils are rich in terms of 
plants species, and create pastures.  These areas are 
more under the different conditions caused by 
people and animals. The endemic plants especially 
in these regions are in danger of extinction [12, 13]. 

Although the gypsum-bearing areas in Turkey 
are fairly smaller rather than the other countries, 
these areas are important endemic centres. Even 
though gypsum-bearing areas form through ebb, the 
endemics encountered in these areas are generally 
seen in arid and semi-arid regions, as well. Not 
performing agricultural and stockbreeding activities 
in these areas creates a natural protection area for 
the endemic taxa. The gypsum-bearing areas in our 
country occupy a wide area between Sivas and 
Erzincan [14, 15]. 

Herein this study we carried out the 
experiment in order to determine the element 
content of was to determine the element content of 
different areas (such as serpentine, gypsum-
bearing- calcareous, etc.) and to specify whether 
elements had effect upon the spreading of plants in 
limited areas.  
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FIGURE 1 
Study area. 

 
 
MATERIALS AND METHODS 

 
The province of Erzincan is located between 

39 45' 12' southern latitudes and 40 46'30' eastern 
longitudes on the world map. The land forms of the 
province split by the Karasu tributary of Riv
are Mountain Munzur on south border, Mountain 

 on north border, and two lowlands and defiles 
extending along Karasu Valley between these 
mountains. Erzincan has a continental climate, and 
its climate is more moderate than the other 
provinces in Eastern Anatolia (Figure 1.). The 
province with 10.7°C annual average of 
temperature has 344 mm annual precipitation 
average per square meter [15].  

In total, 7 different endemic plants were 
studied, including Psephellus aucherianus (DC) 
Wagenitz, Ferulago glareosa Kandemir & Hedge, 
Silene dumanii Kandemir, Genç & Genç, Silene 
nerimaniae Genç, Kandemir & Genç, Tanacetum 

alyssifolium (Bornm.) Grierson, Verbascum 
alyssifolium Boiss., Psephellus erzincani Wagenitz 
& Kandemir (Table 1). Samples were taken by 
hand using vinyl gloves, and carefully packed into 
polyethylene bags [16]. Only the edible parts of 
each plant were analysed. In addition, soil samples 
were collected from the sampling sites. Samples 
were divided into two sub-samples; the ones in the 
first sub-group were thoroughly washed several 
times with tap water, and subsequently by distilled 
water in order to remove dust particles in a 
standardized procedure; the rest of the plants were 
untreated, and then dried in oven at 80oC for 24 h. 
At each site, the soils were sampled from the top 10 
cm by means of a stainless steel trowel to avoid 
contamination. To ensure consistent distribution of 
metals in the soil samples, all materials were 
grounded in a micro-hammer cutter and filtered via 
a 1.5-mm sieve [17, 18]. 

Dried and milled samples were powdered, and 
kept in clean polyethylene bottles. In addition, the 
soil samples were collected with a stainless steel 
crab. These samples were dehydrated in open air 
and passed through a 2-mm sieve. After 
homogenization, the soil samples were stored in 
clear paper bags before analysis. The samples (0.5 g 
dry weight) were digested with 10 ml pure HNO3 
(65%) using a CEM MARS 5 (CEM Corporation 
Mathews, NC, USA) microwave digestion system. 
The digestion conditions were as follows; the 
maximum power was 1200 W, the power was at 
100%, the ramp was set for 20 min, the pressure 
was 180 psi, the temperature was 210oC, and the 
hold time was 10 min. After digestion, solutions 
were evaporated to near dryness in a beaker. The 
volume of each sample was adjusted to 10 mL 
using 0.1 M HNO3. The determination of the 
elements in all samples was carried out by using a 
Varian Inductively Coupled Plasma Optical 
Emission Spectrometry (ICP OES) [17, 19]. In 
statistical analysis, p-
regarded as significant; the average value of 
samples was at 95% confidence interval. In 
addition, the correlation between the soils and plant 
samples was also examined [18]. 

 
 

TABLE 1 
Endemic plants and habitats. 

 
Endemic Plants Family   Habitat                                 Localities 

Psephellus aucherianus  Compositae Calcareous  Eriç 
Ferulago glareosa  Apiaceae Kolluviyal Kemah  Sürek  
Silene dumanii  Caryophylaceae Serpentine  Üzümlü 
Silene nerimaniae   Caryophylaceae Serpentine  Kemaliye Eriç 
Tanacetum alyssifolium  Compositae Gypsum Kemaliye  
Verbascum alyssifolium  Scruphulariceae Gypsum  
Psephellus erzincani  Compositae Gypsum     
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TABLE 2 
grown in serpentine area. 

 

  Silene nerimaniae   Silene dumanii 

Element 

Soil Root Leaf Soil Root 

I II III I II III I II III I II I II 

Cd 0.5 0.6 0.4 0.3 0.1 0.2 0.2 0.4 0.2 0.2 0.5 0.1 0.2 

Pb 6.4 6.6 6.2 1.8 0.9 0.1 2.2 1.8 1.9 24.1 8.3 2.1 2.2 

Na 64.2 106.8 66.0 65.1 47.0 83.3 98.9 74.9 94.5 180.9 88.0 35.9 53.3 

Mg 82,169.9 84,323.9 71,719.9 13,452.9 6,539.2 6,575.6 27,200.4 25,609.7 19,656.8 56,475.9 73,391 3,636.9 12,913.8 

K 524.4 475.0 529.5 39,138.0 5,1437.1 29,871.0 29,489.6 4,7134.8 30,951.5 3,640.4 1,330.7 38,883.6 27,390.4 

Ca 4,236.5 2,145.6 8,208.0 8,066.8 16,576.4 7,017.2 10,704.5 10,492.7 9,452.1 5,683.0 4,014.2 14,098.5 11,741.4 

P 35 42.2 33.3 464 983.9 469.2 767.3 1,090.4 1,075.3 349.7 110.6 998.5 807.4 

Fe 38,450.0 42,660.6 35,069.6 6,674 3,422.4 2,058.1 12,509.9 10,515.2 9,142.4 41,207.3 44,551.3 1,671.5 7,591.1 

Cu 4.3 0.7 5.8 1.5 14.4 0.6 1.1 2.9 14.8 13.4 6.7 36.5 9.5 

B 35 11.7 9.8 11.6 12.8 10.4 17.5 12.8 14.9 20.5 16.2 17.4 19.5 

Mn 1,531.2 754.5 536.0 232.0 43.5 6.1 381.7 148.9 113.6 697.6 712.1 34.4 135.2 

Zn 24.6 20.5 15.2 11.0 17.4 6.9 15.6 16.7 32.5 51.0 24.1 30.6 19.9 

Ni 1,318.0 1,751.8 1,145 160.6 61 52.7 332.8 310.5 261.5 982.9 1,647.9 22.2 246.1 

Cr 475.2 371.6 314.8 60.1 20.1 11.0 114.9 69.9 62.7 340.5 312.8 6.8 33.0 

S 226.8 652.2 1,251.1 1,297.4 6,355.7 1,011.4 1,186.3 1,458.5 1,397.6 1,175.0 1,712.3 1,581.6 1,081.8 

Co 89.7 77.6 57.1 13.8 3.7 2.8 19.2 9.5 9.6 47.2 71.8 1.7 4.7 

Al 2,799.3 2,449.3 3,413.4 1,019.9 1,343.3 347.2 1,666.5 1,020.8 1,089.6 8,599.5 5,111.5 848.8 1,410.6 

 
 
RESULTS AND DISCUSSION 

 
Important data were obtained in the study we 

carried out in different habitats (gypsum, 
serpentine, calcareous and kolluviyal). When 
element concentrations of the habitats where S. 
nerimaniae has grown spreading in serpentine area 
were analysed, it was determined that the 
concentration of elements was parallel to each 
other. It was also specified that Ni, Co, Fe, Mg and 
Cr elements in these habitats had very high 
concentrations. The element concentration of the 
habitats where S. dumanii plant has grown was 
noticed to be similar to each other; and moreover, 
there were striking similarities between the habitats 
where S. nerimaniae was collected. The element 
concentration two plants obtained from the habitats 
they survive was noticed to be parallel to each other 
(Table 2.). 

Because the soils in serpentine habitats 
decompose hard, they are generally in a flowing 
stone shape. Because these soils include too much 
Mg, it is really hard for the plants to survive. There 
are also plants providing adaptation into these 
areas. In serpentine areas, heavy metals such as 
nickel, cobalt, and chrome are abundant [3]. 
Serpentine soils are present in several different 
regions of the world, and include the plants 

indigenous to those areas. In the studies carried out 
with these soils; whereas Mg, Fe, Ni, Cr, and Co 
were at high concentration, the level of Ca was 
determined to be low. High magnesium content was 
noticed to inhibit calcium uptake. Accordingly, the 
number of plant species in these areas is scarce and 
different [20]. The plants as Ni-hyperaccumulator 
were determined to be endemic for the serpentine 
soils [21]. In serpentine soils, organic matter is 
weak and the water retention value is low. 
Consequently, serpentine habitats can cause the 
plants to get stressed depending upon drought [22]. 
In their studies, some researchers determined that 
the plants species grow as endemic in soils with 
high metal concentration, and these have the 
property of accumulating more heavy metals [23, 
25]. 

Soil and plant samples for the plants of V. 
alyssifolium, P. erzincani and T. alyssifolium were 
collected from gypsum-bearing areas. The element 
concentrations were noticed to be similar to each 
other in habitats where these three plants survive. 
Especially in gypsum-bearing areas, S, Fe, Ca 
concentrations were determined to be at a high 
level. 
the soil was specified to be similar to each other 
(Table 3). 
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TABLE 3 
 

 

  Psephellus erzincani Tanacetum alyssifolium Verbascum alyssifolium 

Ele
ment 

Soil Root Leaf Soil Root Leaf Soil Root Leaf 

I II I II I II I II I II I II       

Cd 0 0 0 0 0.02 0 0 0 0.2 0.2 0.1 0.1 0 0.1 0.1 

Pb 0.7 4.3 2.8 2.4 0.9 0.7 1.9 2.0 1.4 0.6 2.1 1.0 4.1 3.3 0.5 

Na 14.5 70.5 36.6 44.2 34.5 85.36 28.4 55.4 32.7 28.3 28.3 24.3 337.7 579.4 92.9 

Mg 650.7 2,300.8 959.4 1,503.8 522.8 1,674.8 1,093.3 1,262.9 855.3 745.4 1,192.6 1,423.3 5,108.2 3,654.1 1,369.2 

K 616.9 4,522.1 15,124.8 15,382.1 11,771.1 30,656.8 1,045.9 1,273.2 3,518 5,297.8 25,059.7 26,947.7 5,906.72 13,226.7 9,647.5 

Ca 80,021.4 66,927.5 56,497.9 36,381.2 23,609.6 29,250.5 86,049.5 83,479.5 39,029.2 32,664.3 25,614.4 1,8256.6 86,850.2 32,491.6 12,936.1 

P 8,601.8 75.7 743.8 227.7 196.7 716.4 13.5 13.5 175.3 228.5 991.8 958.0 55.9 302.8 362.1 

Fe 1,819.1 11,463.7 4,355.2 4,298.7 1,714.1 1,626.8 2,736.1 5,769.2 1,871.9 1,748.0 2,327.2 1,587.8 13,697.1 7,587.6 1,546.5 

Cu 1 3.1 7.8 11.8 3.2 16 1.4 21.7 10.3 8 21.4 21.1 9.8 45 5.13 

B 1.9 4.6 20.4 12.4 12.6 13.4 3.8 1.9 7.4 6.5 16.0 14.4 14.9 33.1 23.5 

Mn 34.2 118.8 52.4 23.4 21.1 35.9 42.2 72.3 31.4 43.9 30.2 6.3 200.9 133.3 78.1 

Zn 2.3 15.9 15.2 10.6 8.1 11.9 3.2 2.5 8.9 2.4 39 19.2 12.9 35.3 12.5 

Ni 4.7 69.8 11.5 20.9 3.3 11.1 4.8 312.2 4.2 5.9 2.7 4.9 90.6 58.9 6 

Cr 3.3 41.08 5.12 9.59 3.54 1.95 5.0 560.1 3.4 4.2 3.8 3.3 33.8 17.2 3.5 

S 57,641.8 23,621.5 32,403.1 7,746.2 8,674.4 9,849.8 68,226.5 49,758.8 7,710.5 5,825.3 10,709.9 6,341.5 50,142.9 1,355.3 1,554.9 

Co 1.04 4.78 1.92 2.03 0.97 2.45 1.5 5.9 1.1 1.0 1.1 0.7 2.4 3.58 0.95 

Al 1,734.8 6,493.2 3,721.9 3,644.1 1,676.9 1,444.6 2,374.9 3,019.1 1,670.9 1,461.8 1,998.9 1,428.1 7,386.2 5,150.1 1,469.5 

 
When F. glareosa habitat was analysed, the 

amount of Ca, K, Fe, Al, Na, and Cu elements in 
the soil was at a high level. Additionally, Mg and 
Cr were lower rather than the gypsum-bearing 
areas, and higher rather than the serpentine areas. 
The plant of F. glareosa was noticed to take Mn 

element more as being different from the other 
habitats. The plant of P. aucherianus has grown in 
calcareous and serpentine habitats. The soil 
characteristics of the habitats were closer to each 
other, and element uptake of the plants was 
observed to be parallel to each other (Table 2-4.). 

 
 

TABLE 4 
 

 

  Ferulago glareosa  Psephellus aucherianus 

Element 

Soil Root Leaf Soil Root Leaf 

I II I II I II I II I II I II 

Cd 0 0 0.2 0 0 0.1 0.6 0 0.2 0.1 0.1 0.1 

Pb 8.3 9.6 0.2 0.2 0 0.1 7.2 18.1 0.4 1.2 0 0.7 

Na 265.1 443.2 92.9 106.9 32.5 28.9 132.3 1,021.6 34.3 180.9 28.9 78.5 

Mg 12,733.2 15,392.6 1,510.9 1,591.3 1,392.6 1,376.1 85,581.3 4,977.5 3,412.2 1,031.2 1,979.5 1,301 

K 12,440.6 14,032.4 28,411.7 23,143.5 32,767.6 28,665.2 776.9 22,785.6 17,022.9 14,089.6 32,788.2 26,338.1 

Ca 78,241.3 86,012.5 6,264.4 7,740.4 11,735.6 19,045.1 1,074.1 61,723.1 7,982.3 20,029.1 16,089.7 18,753.8 

P 228.8 348.9 412.5 418.9 655.3 783.4 2.8 341.5 554.3 618.9 878.7 472.5 

Fe 24,557.3 31,679.8 1,024.1 917.3 415.1 320.8 42,152.6 33,333.9 2,951.7 2,505.5 670.7 1,943.4 

Cu 16.1 23.8 17.5 1.9 3.7 3.9 0.2 22.6 2.4 18.8 0.8 10.5 

B 23.2 31.6 12.3 15.5 35.8 52.1 10.3 50.1 8.9 19.2 12.4 29.2 

Mn 377.9 486.1 457.5 403.3 477.8 271.7 661.4 427.5 38.9 21.1 20.3 29.6 

Zn 33.5 45.9 11.9 6.2 4.5 12.1 19.4 60.2 15.5 22.4 6.4 9.7 

Ni 217.7 295.9 6.5 3.9 1.8 1.1 1,601.6 53.4 70.1 3.4 28.1 29.9 

Cr 120.7 581.1 6.4 3.1 1.8 1 404.2 44.5 12.3 2.8 3 49.6 

S 744.9 834.5 995.9 1,088 4,799.9 6,643 180 561.8 1,294 1,602.5 2,329 1,770.6 

Co 13.7 17.1 1.4 0.8 0.4 0.5 70.7 6.6 4.5 0.9 5.8 3.7 

Al 8,660.5 9,580.6 836.9 752.1 405.1 299.7 2,703.7 9,951.1 1,095.9 2,216.7 325.2 1,330.1 
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TABLE 5 
Relationships between heavy metal concentration in plant samples and soil samples for different station 

types Correlation coefficient (r); *p<0.05; **p<0.01significant). 
 

Element S. nerimania T. alyssifolium P. erzincani F. glareosa  S. dumanii V. alyssifolium C.aucherianus 

Cd 0.214  0.770** ND -0.480 0.768** ND 0.817 

Pb  0.467* -0.656** 0.651** -0.580 -0.105 0.954** 0.715** 

Na -0.449* -0.640** 0.333 0.652** -0.427 0.996** 0.608* 

Mg 0.324 -0.222 0.914** 0.134 0.977** -0.070 0.984** 

K -0.384 0.307 0.083 -0.531   0.966** -0.714* -0.953** 

Ca -0.472*  -0.705** 0.446 0.828**  0.560* -0.929** 0.980** 

P 0.575**  0.518*   0.495* 0.214 0.939** 0.111 0.986** 

Fe 0.449*  -0.525** 0.116 -0.245 0.928** 0.287 0.613** 

Cu -0.359 -0.391   0.606** -0.508** 0.816** 0.585 0.989** 

B -0.521* 0.169 0.241 -0.659* -0.773** 0.660 0.983** 

Mn 0.702** -0.378  -0.669**  0.008 0.909** 0.274 0.780** 

Zn 0.188 0.363 0.416 -0.675* 0.601** 0.630 0.953** 

Ni -0.181 -0.294 0.970** -0.619* 0.988** -0.206 0.991** 

Cr 0.747** 0.644** 0.862** -0.531 0.791** 0.012 0.992** 

S -0.173 0.573* 0.650** 0.767** 0.428  0.518* 0.978** 

Co 0.718** -0.012 0.760** -0.559 0.818** 0.067 0.988** 

Al 0.671** -0.082 -0.090 -0.257 -0.866** -0.266 0.975** 

 
 
When the ecological features of the selected 

endemic plants we studies were analysed, it was 
noticed that the habitats they have survived had 
different element concentrations. The correlation 
was analysed for each metal between the roots of 
plants and the soils they survive. When correlation 
results were evaluated, positive and negative 
relationships were observed. In some metals, 
significant relationships were determined between 
the endemic plants and soil. It was noticed that 
there was a quite high relationship between P. 
aucherianus and soil. In general, it is possible to 
say that the relationship between the plants and 
elements that have high concentration was 
significant. In serpentine areas, several studies have 
been carried out especially upon Ni element. The 
data obtained from the several studies carried out in 
serpentine areas and our data were compatible with 
each other. Whereas Mg/Ca rate was very high in 
serpentine areas we studied, Ca/Mg rate was higher 
in other habitats (Table 5.). 

The data obtained from serpentine areas by 
[20] and [26] and our data were very similar to each 
other. [27] analysed some elements in soils and 
plants growing in serpentine areas. The results they 
obtained and our results were in parallel with each 
other. The data obtained by [28] and [29] related to 
the Ni element in some plants had higher rate than 
the data we obtained. According to comprasion the 
analysis of data we obtained with [30] soil contain 
high level  Fe, Mg but Zn , the level of Co, Cr, Ca 
and Ni is parellel, whereas plants contain high level 
of  Mg, low level of Ni, and Ca level is parallel in 
both studies. In comparison of our studies with 

[31], in serpentine soil plants, the level of  Ca, Mg, 
Fe, Ni, Mn, Cr, Co are parallel to our results, 
whereas Cu, Zn, Pb level is lower then our 
estimates. 

When we compared the data we obtained with 
the data required to be present in soils and plants as 
mentioned in the studies carried out up to now, we 
noticed that whereas Mg, Ni, Co, Fe and Cr 
elements were at a high amount in soil in serpentine 
areas, Ni, K and Cr elements were more than the 
value they should have. When we analysed the 
gypsum-bearing areas, it was determined that Ca, 
Fe and S elements were at a high ratio in soil and 
plants, and whereas K and Ca concentrations were 
noticed to be higher in plants, Fe was determined to 
be high in plants and soil in calcareous areas. In 
studies related to the protection of a scarce and 
endangered plant, it is necessary to know the 
ecology of the species, characteristics of the species 
and the population size, as well. If the data related 
to an endangered species is known well, efficient 
methods can be developed to protect the species. 
For protecting species, it is necessary to answer 
several questions such as the environment where 
the species survive, distribution, biotic interactions, 
morphology, physiology, population, behaviour, 
inheritance, and interaction with human. The 
studies that have been carried out rarely provide 
answers for those.  

We know that several factors are efficient in 
distribution of endemic plants. With the study we 
carried out, we can say that the element contents of 
serpentine, gypsum-bearing and calcareous areas 
have been different from each other. When the 
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concentrations of elements in plants and soil and 
the correlation between the soil and plants were 
analysed, we considered that elements could be 
efficient in spreading of the endemic plants. 
Furthermore, we believe that genetic, physiologic 
and ecologic studies should be carried out in order 
to have more information related to the adaptation 
of endemic plants into the habitats they survive.  
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ABSTRACT 
 

In this study we determined the resistance 
development potential to spiromesifen and changes 
in esterases (EST), glutathione S-Transferases 
(GST), cyctochrome P450 Monooxygenases (P450) 
and acetylcholinesterases (AChE) enzyme activities 
of the B and Q biotypes of cotton whitefly Bemisia 
tabaci (Genn.). Leaf dip bioassay was used to 
calculate lethal concentration (LC50) values of the 
biotypes. Spiromesifen was applied to first nymph 
stage at different dosages. Selection bioassays were 
carried out for the assays described above . After 8 
selection with spiromesifen, the resistance to 
spiromesifen resulted in 3.5 fold increase in B 
biotype, 2 fold in Q biotype. EST activity was 
increased by 21.5 fold in Q biotype, 1.61 fold in B 
biotype and the changes in EST activity was 
statistically significant in Q biotype but not in B 
biotype. AChE activity was increased by 2.50 fold 
in B biotype, 2.26 fold in Q biotype and the 
changes in AChE activity was statistically 
significant in both B and Q biotypes. P450 activity 
was increased by 1.08 fold in B biotype, 1.77 fold 
in Q biotype and the changes in P450 activity was 
statistically different in Q biotype but not in B 
biotype. There was negative change in GST activity 
in both biotypes. After selection with spiromesifen, 
there was an increase in EST activity which was 
higher in Q biotype than B biotype. The results 
showed that EST activity is more significant in 
resistance mechanism to spiromesifen than AChE 
and P450 activities.  

 
 

KEYWORDS:  
Bemisia tabaci, biotype, spiromesifen, insecticide 
resistance, enzyme activity 

 
 
 
 
 

INTRODUCTION 
 

Cotton whitefly Bemisia tabaci (Genn.) is 
considered a highly cryptic species complex of 
diverse biotypes with differences in host range, 
development rate, insecticide resistance and virus-
transmission capabilities [1]. Differential 
susceptibility or resistance to insecticides has been 
suggested as contributing to or arising from the 
biological distinctiveness of biotypes [2]. Biotypes 

he two most widespread and 
devastating biotypes in Mediterreanean region and 
Asia [1,2]. The B biotype is defined by high fitness 
parameters such as high fecundity and fertility 
while the Q biotype is associated with outbreaks of 
severe insecticide resistance. The Q biotype has 
reported to develop resistance to all major 
insecticide groups [3] 

In many agricultural systems worldwide, the 
extensive use of new insecticides against B. tabaci 
has resulted in high resistance levels to 
conventional insecticides such as 
organophosphates, carbamates, pyrethroids, 
chlorinated hydrocarbons and insect growth 
regulators [4,5,6,7,].  Therefore new chemical 
molecules that specifically target this insect pest 
and exhibit low toxicity to the environment are 
needed. One of the new insecticide classes that 
have recently been developed are tetronic acid 
derivatives. Spiromesifen is an insecticide from this 
new class of spirocyclic tetronic acids that acts 
effectively against whiteflies. It acts as an inhibitor 
of acetyl-CoA-carboxylase, a lipid metabolism 
enzyme and causes a significant decrease in total 
lipids [7]  

The objectives of this study were to determine 
the potential of resistance development to 
spiromesifen and the changes in enzyme activities 
of B and Q biotypes of B. tabaci. This has been the 
first study on the resistance of B and Q biotypes of 
B. tabaci to insecticide Spiromesifen in Turkey.  

 
 

. 
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TABLE 1 
Insecticide selection doses. 

 
 Recommended  

Dose 
(ai-1) mg/lt 

1.Selection  
Dose  
(ai-1)mg/lt (SD)  

2. 
SD  

3. 
SD 

4. 
SD 

5. 
SD 

6. 
SD 

7. 
SD 

8. 
SD 

Spiromesifen 14.4 0.144 0.29 0.29 0.72 0.72 1.44 2.88 2.88 
 
 
MATERIALS AND METHODS 
 

Biotype determination. Biotypes were 
identified according to mitochondrial Cytochrome 
Oxidase I (mtCOI) sequences by Frochlich et al [8] 
and modified by [9]. Biotype B was 
collected from Antalya-

-Koç  regions. 
 
Insecticide Bioassay. Leaf deap bioassays 

were carried out to determine LC50 values of 
spiromesifen (Oberon SC 240).  Insecticide 
bioassays were conducted as described by Mann et 
al [10] with some modifications. A minimum of 
five mixed sex whitefly adults were aspriated into a 
modified clip cages holding a true cotton leaf. 
Following a 24 hours oviposition period, adults 
were removed and the plants were kept under 
controlled conditions (26 ºC 16:8 h L:D 
photoperiod) for hatching of eggs and development 
of the nymphs. When eggs were hatched after 6 
days, leaves infested with first instar nymphs were 
dipped for 10 seconds in 100 ml of the serial 
dilutions of spiromesifen and de-ionized water 
containing Triton 100 X. Three replicates were 
included per dilution for each test.  Mortality of 
first instars were recorded after eight days. 
Mortality criteria of first instars was based on the 
dryness of   individuals and whether they separated 
from the leaf when lifted with a brush.  Pupa and 
surviving next stage nymphs were counted as alive.  

Selection procedure were done as decribed 
above. Each biotype were selected eight times with 
the doses at Table 1. After each selection, surviving 
nymphs were maintained in new cages for 
subsequent selectionsBiochemical assays. Thirty 
adult females were homogonized at +4ºC in 300μl 
ice-cold 0.1M sodium phosphate buffer (NaPHO4), 
Ph7.6, containing 0.1% (w/v) TritonX-100. The 
homogenates were centrifujed at 10000g at +4ºC 
for 5 minutes and supernatant used as enzym 

Microplate Spectrophotometer  MQX200. 
 
Esterase Activity. EST activity was 

determined using 1-naphthyl acetate -NA) as 
substrate according to Stumph and Nauen [11] with 
slight modifications. Five enzym source (0.5 
whitefly equivalents) added to the wells of 96 - well 
plate, containing, 25 μl of 0.2M NaPHO4 Ph 6.0.  
The assay was started by adding 200 μl substrate 

solution  consisted 15 mg of fast blue RR salt 
dissolved in  25 ml NaPHO4 (0.2M Ph 6.0) and 250 

-NA in acetone to each well, giving a 
final volume of 250 μl. Wells with buffer and 
substrate solution served as control for the 
nonenzymatic  reaction.  The EST activity was 
measured continuously at 450nm in a microplate 
reader for 10 min and the measurement were made 
in three replicates. The carboxylesterase activity 
was expressed as nmol naphthol/min/mg protein. A 
linear naphthol standard curve was obtained by 
using concentrations between 0.4 and 2.5 nmol 1-
naphthol in 250 ml Fast Blue RR salt solution (1% 
acetone). 

 
Acethylcolinesterase Activity. AChE activity 

was determined using dithionitrobenzoate (DTNB) 
acetylthiocholine (ATChI) according to Alon et al. 
[12] with slight modifications. A 40 μl of enzym 
from the source described above (4 whitefly 
equivalents) added to the wells of a microtiter plate 
containing 40 μl 0.1M NaPHO4 Ph 7.6 and Triton 
X-100. Buffered solutions of 100 μl 5 mM ATChI 
and 100 μl 1.5 mM DTNB were added to the wells 
of a microtiter plate. AChE activity was measured 
continuously in a microplate reader as described 
above at 405nm for 20 min. Wells with buffer, 
DTNB and ATChI solutions served as control for 
the nonenzymatic reaction. Results given as 
OD/min/mg protein.  

 
Glutathione S-Transferase Activity. GST 

activity was determined using 1-chloro-2, 4-
dinitrobenzene (CDNB) and reduced glutathione 
(GSH) as a substrates according to Hemingway 
[13] with a few modifications.  A 200 μl substrate 
solution (2.5 ml 10 mM GSH containing 125 μl 60 
mM CDNB dissolved in 0.1 M pH 6.5 NaPHO4) 
was added to the wells of 96 - well plate and 10 μl 
enzym source added to the each well. GST activity 
was measured continuously in a microplate reader 
at 340 nm for 5 min. Wells with buffer and 
substrate solution served as control for the 
nonenzymatic reaction. Changes in absorbance per 
minute were converted into nmol CDNB 
conjugated/min/mg protein using the extinction 
coefficient of the resulting 2,4-dinitrophenyl-
glutathione: 340 = 9.6 mM -1 cm-1 [14]. 

 
Cytochrome P450 Monooxygenase Activity. 

P450 activity was determined using P-nitroanisole 
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(PNOD) as a substrate according to Hansen and 
Hodgson [15] with slight modification. 100 μl 2 
mM PNOD solution (in 0.1M pH 7.4 NaPHO4) and 
30 μl enzym source were added to each well of a 96 
- well plate. After incubation at 27 ºC for 2 min, the 
reaction was initiated by addition of 10 μl 9.6 mM 
NADPH (in 0.1 M pH 7.6 NaPHO4).  The optical 
density was measured at 450 nm for 10 min.  Wells 
with buffer PNOD and NADPH served as control. 
Results given as OD/min/mg protein. 

The amounth of protein in the enzyme source 
was determined according to Bradford [16] using 
BSA as standard 

 
Data Analyses. Estimations of Probit 

parameters of insecticide bioassays datas were 
calculated by POLO-PC [17]. The parameters 
included calculations of LC50 values and their 
corresponding 95% confidence limits. 

Significance of Enzym activities of biotypes 
were analyzed by Mann-Whitney U test. Analyses 
were conducted with the SPSS 17 statistical 
program [18] 
 
 
RESULT AND DISCUSSION 
 

Following 8 selection with spiromesifen, 
changes in LC50 values of B and Q biotypes were 
found to be 3.65 and 2.13 fold respectively. In 

rearing of biotypes B and Q stock culture 
populations without insesticide application, they 
were decrease in resistance of 0.2 and 0.5 fold 
respectively (Table 2).   

The results showed that there was increase in 
LC50 values of both biotypes B and Q after 
selections but these were below the recommended 
dosage.  This result were contrary to findings of 

Spiromesifen caused 40% adult mortality and more 
effective to the first instars. Field resistance 
development were not observed after using this 

found no increase in resistance after 4 times 
selection with spiromesifen. Furthermore No 
development of resistance were detected in Q 
biotype of B. tabaci after three successive treatment 
with spiromesifen in Spain [20].  

The results of the enzyme bioassays indicated 
that there was an increase in EST, AChE and P450 
activities in both B and Q biotypes. GST activity 
decreased dramatically in both biotypes. In B 
biotype there was increase in EST, AChE and P450 
activity, 1.61, 2.50 and 1.08 folds respectively. 
There was significant increase in AChE activity but 
not in EST and P450 activities in B biotype. In Q 
biotype there was increase in EST, AChE and P450 
activity, 21.5, 2.26 and 1.77 folds respectively. 
There was significant increase in AChE, EST and 
P450 activities in Q biotype (Table 3). In contrast, 

 
 

TABLE 2 
Probit parameters of spiromesifen bioassays of Bemisia tabaci B and Q biotypes. 

 
Population 
(Biotype) 

LC50 (ai-1) mg/lt 
(%95 confidence 
interval) 

             Probit fit line Slope(±SE) N RR 
X2 df P 

B stock culture 0.4 (0.1- 0.8) 20.06 7 2.8 2.11±0.28 476 1 

B biotype 
selection 

1.4 (1.1- 1.8) 250.7 27 9.2 1.89±0.10 3651 3.5 

B stock culture 
(untreated) 

0.08 (0.04  0.13) 642.7 35 18.3 0.91±0.03 3973 0.2 

Q stock 
culture 

0.4 (0.3- 0.54) 11.2 8 1.4 2.47±0.22 712 1 

Q biotype 
selection 

0.8 (0.7- 1.0) 488.5 71 6.8 1.38±0.04 7171 2 

Q stock ulture 
(untreated) 

0.2 (0.16  0.26) 80.5 20 4.0 1.40±0.06 3040 0.5 

(RR: Resistance Ratio, N: Number of whitefly used for bioassays) 
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TABLE 3 
Enzym activities of Bemisia tabaci B and Q biotypes in selection assays with Spiromesifen. 

              EST                                    AChE    
(nmol/min/mg protein)        (OD/min/mgprotein) 

           P450                                 GST 
(OD/min/mg protein)       (nmol/min/mgprotein)            

Q 

Stock 
culture 

4.76 ± 2.23b* 9.79 ± 0.44b**    2.59 ± 0.07b** 2.14 ± 0.13a** 

Selection 102.58 ± 22.05a 22.19 ± 0.66a    4.26 ± 0.14a 0.99 ± 0.02b 

B 

Stock 
culture 

88.63 ±31.12a 11.77 ±0.52b    3.83±0.14a 0.94 ±0.05a 

Selection 143.59±34.32a 29.51 ±1.83a    4.15±0.08a 0.80 ±0.01a 

* Within a given column followed by the same letter are not significantly different. Each biotype evaluated 
separately for each enzyme.  
 
 
there was a higher increase in B biotype than Q in 
insecticides bioassays. In enzyme bioassays, the 
increases of EST and P450 were not significant in 
B biotype as a result of the initial resistance of B 
biotype (Table 3). EST activity values of B biotype 
before and after selection support this argument. 
These results revealed that the main resistance 
mechanism to spiromesifen were EST activity and  
AchE and P450 activities had less effect  on the 
resistance mechanism based on the increased ratios 
of activities in both biotypes especially Q. 

In this study, there was an increase in EST 
activity as shown Table 3, which was more than the 
increase in LC50 values in biotype Q as seen in 
Table 2. Contrary, in B biotype, the values shown 
in Table 2, B biotype had higher value of RR than 
Q biotype.  Also, there was higher EST activity in 
stock culture population because the resistance 
already existed within the population. After 
selection bioassays, there was a 1.6 fold increase in 
EST activity (Table 3). The results showed that 
spiromesifen had lower effect to adult whitefly as 
related with the EST activity. Spiromesifen had less 
effective on adult stage than first instar as expected. 
EST activity increased as a result of the differences 
in body size. Similar results were reported in 
previous studies [21, 22, 7]. In laboratory 
bioassays, Spiromesifen was found to be highly 
toxic to nymphs, causing ~100% mortality to first 
and second instars nymphs, and moderately toxic to 
old nymphs and slightly toxic to adults [21]. The 
insecticide reported to have a very specific and 
strong effect on the egg and nymphal stages while it 
had moderate effect on adults and late nymphal 
stages [7].  Spiromesifen was significantly more 
active against early instars of whiteflies based on 
lower LC50 values recorded compared to the fourth 
instars [22].   
 
 
 
 
 

CONCLUSION 
 
In conclusion, overall results showed that the 

Q biotype of B. tabaci has developed more 
resistance to spiromesifen than B biotype and EST 
activity plays a major role in the resistance 
mechanism.   
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ABSTRACT 
 

Saline organic wastewater is one of the major 
problems in wastewater treatment industry. This 
study evaluated the ability of the glow discharge 
plasma technique to degrade the saline dye in an 
aqueous solution. Experimental results showed that 
the electrolyte concentration, initial pH, and initial 
C. I. Acid Red 73 (AR 73) concentration impact the 
AR 73 degradation significantly. Decreasing the 
electrolyte concentration, lowering the solution pH, 
and reducing appropriate amount of AR 73 to the 
solution were found to be favorable for AR 73 
degradation. In addition, the common coexisting 
ions had a negligible negative impact on AR 73 
degradation during the discharge process. The glow 
discharge plasma treatment also exhibited high 
degradation efficiency for other anionic and 
cationic dyes. In comparison with the 
photocatalytic degradation, electrocatalytic 
oxidation, and high density plasma, this process 
offers simple technology, higher energy efficiency, 
and easier applicability to salt-containing 
wastewater. Overall, the results reported herein 
indicated that glow discharge plasma may become a 
competitive saline dye wastewater treatment 
technology. 

 
 

KEYWORDS:  
dye; degradation; glow discharge plasma; saline 
wastewater 
 
 
INTRODUCTION 
 

Nowadays, organic compounds as a major 
group of pollutants in wastewater are of concern 
worldwide due to their severe problems for the 
environment and human health. Thus, in the case of 
unavoidable pollutant emissions, these emerging 
pollutants must be treated to satisfy the stringent 
water quality regulations before discharging into 
aquatic ecosystem. However, most investigations 
that have reported on the removal of organic 
pollutant have focused on its removal from fresh 
wastewater, while few studies have concentrated on 

the removal of organic pollutant from saline 
wastewaters, despite the fact that saline effluents 
containing organic compounds are generated by a 
number of industries, such as textiles, food-
processing, pesticide production, leather and 
petroleum industry [1, 2]. The high salinity has 
been proved to strongly inhibit the survival, growth 
and reproduction of microorganisms, consequently 
causing the difficulties in aerobic and anaerobic 
biological degradation for the saline wastewater. 

More recently, nonthermal plasma 
technologies (electrical discharge processing) have 
offered an innovative approach to the problem of 
degrading organic pollutants [3-5]. Nonthermal 
plasma technologies include pulsed corona 
discharge, dielectric barrier discharge, surface 
discharge, dc discharge processes, glow discharge 
[6-14]. Among these methods, glow discharge 
plasma (GDP) is considered as a promising 
alternative for the oxidative degradation of aqueous 
organic pollutants due to stable operation, low 
discharge voltage and much higher yields of high 
oxidation potential species such as ·OH and H2O2 
produced in the liquid-phase than those expected on 

[15-19]. In addition, it 
can be run in water with higher conductivity 
compared with pulsed corona discharge plasma [20, 
21]. 

In this study, we report the treatment of saline 
dye wastewater using glow discharge plasma and 
the effect of various degradation parameters on the 
degradation of azo dye in water are investigated. As 
we know, wastewater discharged from dyeing 
processes can be one of the biggest contributors to 
textile effluent; this comprises mainly residual dyes 
and auxiliary chemicals [22]. Among these dyes, 
azo dyes represent the largest class of dyes [23, 24]. 

 
 
MATERIALS AND METHODS 
 

The DC high-voltage power unit (variable 
voltage of 0-600 V and current of 0-600 mA) was 
supplied by Beijing Da Hua Radio Factory. The 
reactor contained a cylindrical vessel with an inner 
diameter of 40 mm is the same with our previous 
report [24]. 50 mL portion of the sample solution 
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was poured into the reactor for treatment. A DC 
high voltage of 525V was applied across the 
electrodes through a DC power source to start the 
reaction. During the reaction, the solution was 
gently stirred with a magnetic stirrer, and a 5 mL 
sample was periodically taken out to determine the 
AR73 concentration and to analyze its degraded 
products.  

The determination method of dye can use the 
first step in the determination of absorbance and 
then converted into a method for determination of 
the concentration to show up, to make a first 10, 20, 
30, 40, 50, 60 mg/L AR73 line, and then 
respectively 100, 150, 200 mg/L range of sample 5 
times dilution to the line. 
 
 
RESULTS AND DISCUSSION 

 
The effect of electrolyte concentration. In 

this experiment, the applied voltage was 525 V, the 
AR 73 degradation was proceeded in sodium 
sulfate electrolytic solution. The effect of 
electrolyte concentration was investigated from 1.5 
g/L to 5.0 g/L. Figure 1 shows the AR 73 
degradation under different electrolyte 
concentration. The curve can be divided into two 
sections. In the range of 1.5-3.5 g/L sodium sulfate 
solution, the degradation rate of AR 73 decreased 
with increasing initial sodium sulfate 
concentrations. This is because the interactions of 
positive and negative ions were enhanced; as a 
result the migration rate of ions was slowed and 

then the electrical conductivity decreased. In 
the range of 3.5-5.0 g/L sodium sulfate solution, the 
degradation rate of AR 73 became relatively steady 
due to the serious electrode wear in high electrolyte 
concentration. 

 
The influence of different pH. The initial pH 

value is an important factor in wastewater 
treatment. The influence of initial pH of the 
solution has been investigated by many researchers. 
For different substrates, pH value shows different 
effects. In this study, 50 mL AR 73 solutions at 
concentration of 50 mg/L with different initial pH 
values from 4.0 to 9.0 were placed into the reactor 
during the discharge process. 1.0 mL sample was 
drawn periodically from the solution for the 
purpose of analysis of AR 73 concentration. The 
effect of pH values on the degradation AR 73 is 
shown in Figure 2. It can be seen that more rapid 
AR 73 degradation rates were obtained at relatively 
lower pH values during the first 20 min and then 
remained steady at all pH values. It may be 
attributed to following reasons: First is that the 
oxidative ability of the oxygen-containing radical is 
quite strong under acidic conditions. Consequently, 
the degradation rates of AR 73 were increased in 
acidic medium. The second is probably that in basic 
conditions the carbon dioxide resulting from the 
AR 73 degradation dissolved in the solution to 
produce carbonate ions, which would mostly act as 

 scavenger in basic medium and therefore 
inhibited AR 73 degradation.  
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FIGURE 1 

Degradation efficiency of AR 73 under different electrolyte concentration (Initial concentration 50 mg/L, 
50mL T=25 ºC, pH 7.0±0.2). 
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FIGURE 2 

Effect of different pH on AR 73 degradation (Initial concentration 50 mg/L, 50 mL, T=25 ºC, Na2SO4 2.0 
g/L). 

 
 

Effect of the coexisting ions. In addition, the 
presence of the common ions that coexist with the 
dye may influence the discharge treatment. 
Therefore, the effect of the ionic strength is 
important in this study of AR 73 degradation during 
the discharge process. The common cations, such as 
Na+, Ca2+, K+, Mg2+, and NH4

+, and the common 
anions, such as NO3

-, CO3
2-, HCO3

-, PO4
3-, and 

H2PO4
-, were used in the coexisting ions 

investigation. The influences of the coexisting ions 
on the AR 73 degradation during the discharge 
process are shown in Figure 3. It can be seen from 
Figure 3a that the above common cations exerted 
no evident change in the AR 73 degradation under 
the discharge treatment, showing that the presence 
of the common cations had no significant influence 
on the dye degradation by glow discharge plasma. 
However, when glow discharge plasma was 
performed in phosphate solution, as shown in 
Figure 3b, the degradation rate of AR 73 (77.4%) 
was lower in sodium phosphate solution than in 
blank control solution (88.6%). It might be 
attributed that phosphate ions acted as radical 
scavenger and therefore inhibited AR 73 
degradation. The degradation rate of AR 73 with 
other coexisting anions equaled to that in blank 
control solution. Therefore, there is no negative 
impact on dye degradation for the discharge process 

except phosphate ions. This result demonstrates the 
practicality for the application of the glow 
discharge plasma on dyestuff wastewater treatment. 

 
The influence of different concentration of 

dye. Furthermore, the initial concentration of dyes 
is an important parameter in practical applications. 
The influence of the initial concentration on the 
degradation efficiencies of AR 73 by glow 
discharge plasma was investigated at pH 7.0. The 
discharge time was 60 min and the degradation 
efficiency was determined at initial AR 73 
concentrations of 50, 100, 150, and 200 mg/L. It is 
seen from Figure 4 that high initial concentration 
resulted in lower color removal. For example, when 
the initial AR 73 concentration is 50 mg/L, over 
51% of color can be removed within 10 min of 
discharge treatment, whereas only about 11% can 
be removed in the case of 200 mg/L within the 
same treatment time. However, after 20 min of 
discharge treatment, high degradation occurred with 
increasing AR 73 concentrations. The higher 
concentrations of AR 73 increased the collisions 
between the AR 73molecules and chemically active 
species. Therefore, the degradation rate increased 
with increasing initial concentrations of AR 73 as 
the discharge process. 
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FIGURE 3 

Effect of the common cations (a) and common anions (b) on AR 73 degradation (Initial concentration 50 
mg/L, 50 mL, T=25 ºC, pH 7.0±0.2, Na2SO4 2.0 g/L). 

 
Degradation of other dyes. It is well known that 
different chemical structures with different 
functional groups directly impact the degradation 
behaviors of dyes. The same discharge treatments 
used for AR 73 were applied to the removal of a 
variety of other dyes. Anionic dyes, including C. I. 
Reactive Blue 74 (RB 74), C. I. Reactive Blue 194 
(RB 194), C. I. Reactive Red 24 (RR 24), C. I. Acid 

Blue 25 (AB 25), C. I. Acid Blue 40 (AB 40), C. I. 
Acid Blue 62 (AB 62), C. I. Acid Blue 113 (AB 
113), C. I. Acid Blue 193 (AB 193), as well as a 
cationic dye, Rhodamine B, were chosen as typical 
dye pollutants. The degradation rates of the nine 
dyes after discharge treatment for 30 min are 
presented in Table S1 (in supporting information).
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FIGURE 4 

Degradation efficiency of AR 73 under different concentration of dye (The volume is 50 mL, T=25 ºC, pH 
7.0±0.2, Na2SO4 2.0 g/L). 

 
 
The result suggested that both anionic dyes 

and cationic dye could be degraded by using glow 
discharge plasma reactors, demonstrating the 
viability of glow discharge plasma for dyestuff 
wastewater treatment. These nine dyes have 
different chemical structures with different 
functional groups that influence the reactivity of the 
molecules in degradation processes. In addition, 
COD (Chemical Oxygen Demand) and TOC (Total 
Organic Carbon) are important indicators of water 
contamination. The COD value of the solution 
increased after discharge treatment, as well as the 
control experiment without dye pollutants (the data 
were not shown). The reason maybe that the H2O2 
formed during the degradation process would be 
oxidized by dichromate during the measurement of 
COD through the reaction, as shown below, and 
this could affect the COD values. This result was 
consistent with previous results. 
 
3H2O2 + Cr2O7

2- + 8H+  3O2 + 2Cr3+ + 7H2O    (1) 
 
The TOC value indicates a loss of aromaticity 

and overall degree of compound degradation. TOC 
changes during the dye pollutants degradation are 
shown in Table S2 (in supporting information). It 
can be seen that the removal rate of TOC (below 

25%) was much lower than the dye pollutants 
degradation rate (over 85%). This indicated that 
there were some residual intermediate products 
presented in the final treated samples by glow 
discharge plasma, demonstrating that complete 
degradation of dyes is expected to require a longer 
discharge treatment time.  

 
Energy efficiency of AR 73 degradation. 

Energy efficiency is an important parameter 
required for comparing different techniques and for 
future scaling up of the process to industrial scale 
applications. In this study, the energy efficiency is 
defined as the number of moles of AR 73 converted 
from the solution per Joule of energy supplied to 
the system (JAR73), which can be calculated using 
Equation (2) as follows: 

2/1

0
73

)2/1(

UIt

VC
J AR

                                   (2) 
Which C0 is the initial AR73 concentration in 

mol/L, V is the liquid volume in L, U is the applied 
voltage in V, I is the current in A, t1/2 is the reaction 
time required for decomposing half of the initial 
AR73 molecules in s, The JAR73 under different 
conditions were shown in Table 1. 
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TABLE 1 
Energy efficiency for AR 73 degradation by glow discharge plasma. 

  
C0 (mg/L) Method t1/2 (s) JAR73 (mol/J) Reference 
50 Glow discharge plasma 600 7.94×10-8 This work 
100 Glow discharge plasma 810 5.88×10-8 This work 
150 Glow discharge plasma 1125 6.35×10-8 This work 
200 Glow discharge plasma 1500 6.35×10-8 This work 
200 Photocatalytic degradation 6000 0.02×10-9 Orlov et al. 
20 Electrocatalytic oxidation 4500 0.15×10-9 Wu 
50 High-density plasma 135 2.65×10-9 Johnson et al. 

 
 
Previous studies have shown that the energy 

efficiencies were 0.02×10-9, 0.15×10-9, and 
2.65×10-9 mol/J for photocatalytic degradation, 
electrocatalytic oxidation, and high density plasma, 
respectively. As shown in Table 3 that the energy 
efficiency JAR73 is quite high than in the range from 
5.88×10-8 to 7.94×10-8 mol/J. With further design 
improvements and reactor optimization, glow 
discharge plasma may become a competitive 
wastewater treatment technology. 
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ABSTRACT 

 
As a typical low-impact development 

bioretention technology, bioswale organically 
combines runoff pollution control and rain 
utilization through accumulation and hysteresis. 
This study designed and built multiple bioswales 

road runoff water and rainfall curve through 
simulated rainfall experiment and mathematical 
statistics analysis to clear the water cut effect of 
bioswale and its influencing factors. Moreover, the 
main influencing factors on the water cut effect was 
simulated with the regression model. Results 
showed that most test grooves delay time of the 
overflow flood peak shortened from 15 min to 30 
min with an increase in inflow volume. The 
overflow flood peak reduction rate was between 
8.96% and > 95%, and the overflow volume 
reduction rate was 23.62% to > 95%. The filler for 
different design objectives was selected and 
obtained perfectly by comparing artificial fillers. 
The runoff volume reduction rate had an obvious 
linear relationship with the main influencing factors 
of inflow water, interval operation time, and 
packing types. Two methods of the stepwise 
regression model were used to simulate water cut 
effect. Both methods have high precision, but the 
first method is better than the second method. 
 
 
KEYWORDS: 
Bioswale, road surface runoff, test, influencing factors, 

cut effect, simulation 

 
 
INTRODUCTION 

 
Water shortage has become a bottleneck factor 

of urban economic development in China. It has led 
to an increased regional total rainfall runoff, 

decreased peak flow time, reduced groundwater 
runoff recharge through infiltration, and other 
problems with urbanization development [1]. Green 
vegetation interception and soil osmosis can reduce 
the velocity of rainwater runoff; thus, some 
countries attach great importance to bioretention 
technology, which is widely applied in engineering 
practices, together with water-sensitive urban 
design and sustainable urban drainage systems, to 
reduce road rainwater runoff and meet target 
reduction goals [2,3]. 

Bioswale is a kind of bioretention facility. 
Many studies show that urban development 
negatively affects hydrology and the water quality 
of surrounding streams and other natural bodies [4]. 
Previous studies on bioretention system mainly 
focus on water quality purification effect [5], 
whereas studies on volume and flood peak control 
are rare. Davis studied more than 49 storm events 
of two field-scale bioretention facilities installed at 
the University of Maryland and demonstrated that 
bioretention system can effectively reduce the 
impact of the development on hydrologic regimes 
in urban areas [6]. The monitored results of 28 field 
rainfall events of bioretention facilities (i.e., 1% of 

University showed that the average flood peak 
reduction rate is 80% [7]. Attention has been 
recently given to rainwater utilization in China. 
However, the research on bioretention technology is 
insufficient. Meng et al. [8] studied the 
performance of infiltration, controlling, emission, 
and long-term purification effect of biological 
retention system on road rainwater in the last four 
years through small and pilot tests. The results 
showed that the average delay time of the 
traditional sand packing system is 19.3 min on 
rainfall runoff produced by the catchment area 10 
times of itself with a return period of 0.13a to 3.2a. 
The lagging time of flood peak is 65.7 min, the 
flood peak reduction rate is 84.3%, and the largest 
water retention without seriously impacting plant 
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growth is 5 h. 
According to research, quantitative methods 

on the ability of flood peak reduction and reduction 
of the amount of runoff through bioretention 
facilities in China are still relatively rare. Moreover, 
the disposal effects of high rainfall intensity and the 
frequency of bioretention facilities must be 
combined with regional characteristics for further 
research. The specific objectives of the study are as 
follows: (1) to study the situation of bioretention 
facilities in relation to the delay time and reduction 
effect of runoff water and peak flow on different 
influencing factors, such as hydraulic loading, 
packing types, interval time; (2) to obtain the 
relationship between bioswales water cut effect and 
three factors through statistical analysis, thereby 
providing the basis for the relationship model; and 
(3) to research the correlation between the bioswale 
water cut effect and its main influencing factors 
through regression analysis, thereby establishing 
the regression equation. 

 
 

MATERIALS AND METHODS 

 
Experiment device.  According to the 

groundwater level, the distance from the building 
and the environmental conditions, bioretention 
facilities can be classified into three types, which 
are permeable, semi-permeable and non- 

permeable. 
According to surrounding conditions, shape, 

size, location, and scope of application, bioretention 
facilities can also be classified into rain garden, 
retention belt, retention flower bed, and tree pool. 
They can also be classified based on the designed 
purpose: to control runoff pollution and to control 
runoff volume [9,10]. 

This experiment uses two sets of pilot-scale 
cells, which are similar with the retention belt. 
These cells were designed and constructed in the 
outdoor test field of X University of Technology. 
A set of 10 bioswales has a width of 0.5 m (i.e., 1 5 
bioswales were permeable, and 6 10 bioswales had 
an antiseepage property). The following is the 
specification of each groove: 2 m × 0.50 m × 1.05 
m (length × width × depth). Another set of 8 
bioswales has a width of 1 m (i.e., W1 W2 and 
E1 E2 bioswales were permeable, and W3 W4 and 
E3 E4 bioswales had an antiseepage property) and 
specification of 2.50 m × 1.0m × 1.05 m (length × 
width × depth). Each bioswale contains the 
following layers: aquifer, planting soil, artificial 
packing layer, and gravel drainage layer from top to 
bottom. We selected 10 bioswales to study the 
different factors influencing the effect of water cut 
based on the purpose of the experiment, number, 
and settings, as shown in Table 1. The concrete 
structure design is shown in Fig. 1 and Fig. 2. 

 
 

TABLE 1 
Experiment Device Settings. 

 
Number 4b 6 7 8 9 10 W3 W4 E3 E4 

Covering layer 5cm 5cm 5cm 5cm 5cm 5cm 5cm 5cm 5cm 5cm 

Planting soil 30cm  30cm 30cm 30cm 30cm 30cm 30cm 30cm 30cm 

Packing layer FS 1:1a SSH 18:1:1a FS 1:1a BFSS 1:1a BFS Soil BFSS 1:1a FS 1:1a Soil BFS 

Gravel layer 15cm 15cm 15cm 15cm 15cm 15cm 15cm 15cm 15cm 15cm 

Submerged depth c 0 700 0 550 350 150 550 0 150 350 

Width(m) 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 

a packing layer blending ratio for volume; b antiseepage-treated 
bioswales are at the bottom except for #4. FS is fly ash + sand, SSH is sand + soil + humus; BFSS is blast 
furnace slag + Sand; BFS is blast furnace slag. c The height between the water outlet and the bottom of bioswales 
as submerged zone height. This experiment selects the height that has effective purification effect in the prepilot 
test. 
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(a) Floor plan of bioswales pilot plant (0.5m width) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Section of Bioswales Pilot Plant 
 

FIGURE 1 
Specific constructions in each bioswale consist of the aquifer, covering layer, planting soil layer, 

artificial packing layer, rice stone layer, and gravel layer from top to bottom. The screened sizes of BFS, 
rice stones, and gravels are 0.6 1.5 cm, 0.3 0.6 cm, and 1.5 3 cm, respectively. 

 
 
 
 
 
 
 
 
 

 
 
 

 
FIGURE 2 

Partial pictures of the test on the bioswale pilot plant. 0.5 m-wide bioswales; each bioswale surface is 
laid on 5 cm fresh platane leaves. 
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Inflow water and rainfall pattern.  The 
main factors that influence the cut effect of 
bioswales include the following: inflow water, 
packing types, and interval operation time. We 
design three rainfall intensities in this experiment: 
low, medium, and high, which corresponding to . 
We also design rainfall with 60 min duration and 
investigate the runoff volume and peak flow 
reduction effect on different inflow waters. The 
chosen interval times are 1 and 3 d to study the 
runoff volume and peak flow reduction effect at 
different interval times in the medium inflow 
volume conditions. The medium inflow volume 
(i.e., 2-year return period and rainfall volume of 60 
min) is chosen as an example in the analysis of 
different filler types of runoff volume and peak 
flow reduction effect. The results of the previous 
minor test are summarized, and the confluence area 
is calculated with the detention pond area 
computation equation (1) [11]: 

2)1()(60 ffvmf

fd
f

dndfhhdTK

dHA
A , 

(1)       

where Af indicates the area of the bioswale 
(m2), Ad indicates the confluence area (m2), H 
indicates the design rainfall (m),  indicates the 
runoff coefficient, df indicates the total layer 
thickness of planting soil and medias, T indicates 
single-game rainfall duration, h indicates the 
aquifer average depth (i.e., half of the maximum 
depth, hm), fV indicates the ratio of the reservoir 
section on the vegetation and bioswale areas, and n 
indicates the average porosity of planting soil layer 
and packing layer. 

The rainfall duration (60 min) and return 
period (0.5a, 2a, 5a) are used in Xi'an rainstorm 
intensity formula [12]. The rainstorm intensity of 
different return periods is calculated, corresponding 
to low, medium, and high, which are the three kinds 
of water volume. Ad , (0.9), and q are used in 
Equation (2) to calculate the design flow rate Q1. 
According to the equation, V = Q × T obtains the 
inflow water when T = 60 min, and the outflow 
water procedure varies because the sizes of two sets 
are different. A test is conducted to simulate rain 
from start to end of the complete process, which 

summit

rainfall pattern is selected as the rain type [13].  

1 10000
dA q

Q  ,                (2) 

where q indicates the rainstorm runoff 
intensity (L·s-1·ha-1), P indicates the return period, 
and t indicates the rainfall duration (min). 

 
Monitoring and Analysis Method.  The 

inflow, outflow, and overflow weirs are installed 
with level monitoring gauges (XMTJ3246R). Their 
record frequency is 1 s to determine the water 
volume after calculation. For single rainfall, the 
reduction rate of rainfall runoff volume of the 
bioswale is 100% when the rainfall is less than 
H(design rainfall). When the rainfall is greater than 
H, the reduction rate of the rainfall runoff volume is 
calculated using Equation (3), and the reduction 
rate of the peak flow is calculated using Equation 
(4). 

 

%100
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overflowlow

V

VV
,             (3) 

%100
max

maxmax

in

outin

Q

QQ
,            (4) 

where  indicates the runoff volume 

reduction rate, Voverflow indicates the overflow water 

(m3), and Vinflow indicates the inflow water (m3).  

indicates the reduction rate of the peak flow, Qin max 

indicates the peak inflow (m3), and Qout max 

indicates the peak overflow or outflow discharged 

from the bottom pipes (m3). 

The water cut of bioswales is closely related to 
the porosity of packing. The packing permeability 
coefficient is also an important content of the 
geological survey report in practical engineering 
design. Thus, the water cut test mainly inspects the 
composition of influence of the bioswale (media) 
on water cut, and the media porosity and 
permeability are estimated through the simple 
device and small experiment in the laboratory. The 
estimated results are presented in Table 2. 
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TABLE 2 
Filter porosity and media permeability coefficient. 

 
Medias Porosity (%) Medias Permeability coefficient (m/d) 

Gravel 43.5 SSH 1.21 
Fly ash 37.3 BFS 1.35 

BFS 44.6 FS 0.22 
Sand 33.8 BFSS 1.20 
Soil 43.3 Soil 0.50 

Note: SSH is sand + soil + humus; BFS is blast furnace slag; FS is fly ash + sand, BFSS is blast furnace 
slag + sand. 

 

 
                       #4                                           #7 

FIGURE 3 
Reduction rate of the runoff volume and outflow rate of #4 and #7 bioswale. 

 
 

RESULTS AND DISCUSSION 

 
Influence of Inflow Water on Runoff Water 

and Peak Flow.  This experiment selects the 
runoff volume in three return periods (0.5a, 2a, 5a) 
in combination with the design of the bioswale size 
to draw the corresponding low, medium, and high 
three hydraulic loads and to conclude the water cut 
effect of bioswales on different rainfall intensities, 
in which 10 bioswales have the same interval 
running time. The water test in the set height of 
submerged zone is conducted three times.  

At different inflow waters, the following are the 
reduction rates of the runoff volume of each 
bioswale: #4 (flyash + sand), 72.19% to 82.38%; #6 
(sand + soil + humus [SSH]), 83.79% to 99.99%; 
#7 (flyash + sand [FS]), 52.85% to 68.19%; #8 
(blast furnace slag + sand [BFSS]), 41.27% to 
65.14%; #9 (blast furnace slag [BFS]), 27.28% to 
65.11%; #10 (soil), 41.92% to 44.29%; #W3 
(BFSS), 25.3% to 58.96%; #W4 (FS), 27.51% to 

50.55%; #E3 (soil), 28.09% to 56.12%; #E4 (BFS), 
23.62% to 40.86%. Pan et al. [14] designed three 
typical runoff processes small, medium, and 
heavy to monitor the inflow and outflow process 
of bioretention units. The results showed that the 
runoff cut rate is between 12.83% and 48.12% by 
biological stranded pool, the average reduction rate 
of the flood peak is 70.85%, the flood peak delay 
time is approximately 26.6 min. The bioswale 
facilities in the present study have considerably 
better cutting rate than those in the study of Pan et 
al., possibly  
ratio of sand, thereby increasing permeability. 
Additionally, the  reduction rate of the total 
runoff volume is presented as the percentage of 
inflow water and outflow water. This observation 
indicates that the calculation in this experiment uses 
the percentage of inflow and overflow water. 
However, the outflow in most of the test grooves is 
larger than the overflow. Therefore, the runoff 
reduction rate varies. In different inflows, the 
outflow rate of #4 is lower than #7. All the 
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influencing factors are similar between #4 and #7, 
except that the bottom of #4 does not perform 
antiseepage treatment. However, #7 performs 
seepage controlling. This part of runoff seeping is 
directed into the ground, and the effect of 
conserving underground water when runoff water 
infiltrates the impervious bioswales is achieved 
(Fig. 3). 

Under the condition of different inflow waters, 
all cells except #4 show that an increase in inflow 
water results in a decrease in the reduction rate of 
the overflow flood peak and in an increase in the 
reduction rate of the outflow flood peak. The delay 
time of the overflow flood peak shortens with an 
increase in feed water. All the cell delay times of 
the overflow flood peak range from 15 min to 30 
min. The delay time of the discharge flood peak 
ranges from 25 min to 30 min.  
showed that the outflow rate is 70% at the bottom, 
and the overflow rates are 11% and 19% through 
evapotranspiration losses when anaerobic areas are 
set [15]. In the traditional bioretention facility in 
which no seepage exists at the bottom, the losses of 
outflow, overflow, infiltration, and evaporation are 
50%, 23%, 8%, and 19%, respectively. Bioretention 
facilities have more obvious volume reduction 
effect when anaerobic zone is increased than 
traditional biological stranded facilities. Based on 
the effects of algorithm height, the contrast between 
cut effect and flood peak lag time should be under 
the same algorithm, which is in a different matrix 
combination and the same inflow water. 

 
Interval Time Influenced on Runoff Water 

and Peak Flow.  The interval time for giving the 

packing from the saturation. Thus, the runoff 
reduction rate may be increased. In a confluence 
drainage system, the municipal drainage pipe 
deposition of wastewater pollutants in sunny days is 
the pollution source in the rainfall process. 
Therefore, an increase in the interval time between 
rainfall events increases the accumulated pollutants 
in a drainage system, thereby increasing rainfall 
runoff pollution load [16]. The accumulated 
pollutants also affect drainage capacity. In this 
study, two interval times are selected: 48 h between 
test 2 and test 1 and 96 h between test 3 and test 
2.(Fig. 4). 

Discrete rainfall events are identified if they are 
separated by a dry period greater than 6 h [17]. In 
this study, the shortest interval time is 48 h. The 

results of the field test on the storage and 
penetration of roofing rainwater through the rain 
garden show that the rain garden can effectively cut 
off and infiltrate runoff water when the loess in 

is chosen as the substrate [18]. This 
study concludes that most 0.5 m devices for the 
runoff and flood peak reduction rates decrease with 
an increase in interval time. For 1 m devices, the 
runoff reduction rate is shown in Fig. 5, which 
proves that the infiltration of performance is not 
restored after a three-day interval time in winter 
days through the analysis of the test results in three 
different interval times. The delay time of the 
overflow flood peak of most grooves is between 17 
and 30 min. The delay time of the discharge flood 
peak is between 25 and 33 min. The retention time 
of #8 and #9 filter is more than 50 min. The delay 
time of the flood peak is no longer affected by an 
increase in interval time, which is probably affected 
by temperature.  

Bioretention facilities are mainly used in 
processing light rain with high frequency and early 
occurrence of heavy rain events, which have a low 
frequency. If the capacity of rainwater reaches the 
limit, the excess is discharged through the overflow 
system. According to the experimental results, 
bioswales have a certain cutting effect on the 
high-frequency rainfall and flood retention effect. 

 
Influence of Packing Types on Runoff Water 

and Peak Flow.  The type of media in 
bioretention systems has an important role in 
influencing the quality of the treated run-off, and 
the plant soil in the local area varies considerably in 
terms of physicochemical properties, thereby 
resulting in variable hydraulic conductivity and 
effluent run-off quality [19]. This study chooses 
various artificial media in the test apparatus 
(Table1) . The permeability coefficient varies in 
different artificial packing. Thus, the reduction 
effect test of the runoff and flood peak flow 
influenced by packing types is conducted. We 
choose the medium volume as inflow water. 
Considering the pollutant purification effect in the 
previous experiment, each bioswale is equipped 
with different submerged heights (as shown in 
Table 1). We can choose the algorithm in the 
practical engineering to achieve effective 
purification ability by adjusting the outlet height of 
the perforated pipe. The experimental results are 
shown in Fig. 5. 
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#7 #8 

  
#9 #10 

  

#West 3 #West 4 
FIGURE 4 

Reduction rate of the runoff volume and outflow rate of the bioswale parts. 
 
 
The function of packing types has a key role in 

bioretention systems. In the set submerged height 
cases, all bioswales have the same inflow water and 
different packing types. The order of peak flow cut 
rate and the cutting effect in different kinds of 
media are presented in this paper. The runoff 
volume reduction rate order for the 0.5 m test 
devices is as follows: SSH > soil > BFSS > FS > 
BFS. The runoff volume reduction rate order of 1 m 
test devices is as follows: FS > BFS > BFSS > soil. 
In engineering applications, if the main purpose of 

constructing bioswale facilities reduces the runoff 
volume, selecting media according to the runoff 
volume reduction rate orders is possible. The 
sequence of each 0.5 m bioswale outflow is as 
follows: SSH > FS > Soil > BFSS > BFS. The 
sequence of each 1 m bioswale outflow is as 
follows: BFSS > FS > Soil > BFS. The difference 
of the outflow rate is referred in 0.5 m bioswales if 
the main purpose for collecting rainwater is 
recycling. Manual packing can be selected 
according to the upper orders. 
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(a) Volume reduction rate (b) Peak flow reduction rate 

 
FIGURE 5 

Volume and peak flow reduction rates of different packing types. 
 
 

Effect Factor Relationship Analysis.  This 
study uses the curve analysis function of the SPSS 
software to establish the relationship between the 
cutting effect and four influencing factors that 
influence the bioswale water cut effect. These 
factors are inflow water, interval rainfall time, kinds 
of media, and submerged height.  

In bioswale systems, the runoff reduction rate 
is 100% when the rainfall is less than the design 
runoff water for a single rain event. When the inlet 
water exceeds the design flow of bioswales, 
overflow occurs, causing bioswales to lose their 
ability to continue to delay and store storm water 
runoff. In addition, after precipitation enters the 
bioswale devices, saturated soil and layered 
packing distribute water first. Thus, the produced 
runoff exceeds the infiltration ability. Moreover, 
different interval rainfall time lead to different 
moisture contents in soil and all kinds of packing in 
the device. The longer the interval running time is, 
the more conducive it is to empty the device. At the 
same time, the longer the interval time is, the larger 
the evaporation capacity of the unit is. In bioswale 
facilities, different kinds of packing have a great 
impact on the runoff reduction effect. The size of 
the porosity has a direct relationship with the 
permeability of the packing, and permeability 
differences among all kinds of packing also cause 
differences in the runoff volume reduction rates. 
According to the principle of large specific surface 
area, high porosity belongs to porous inert carriers 
when choosing packing. 

Multiple sets of test grooves are analyzed to 
determine the relationship between the influencing 

factors and runoff reduction and to obtain an 
accurate curve analysis of this relationship. After 
conducting the model summary and estimating the 
parameters, a series of models are obtained. The 
result shows that the relationship between runoff 
reduction and the main influencing factors of 
inflow water, interval operation time, and kinds of 
media indicates that R2 is higher than 0.6. This 
observation indicates that the three influencing 
factors have a linear relationship with the reduction 
rate of the runoff volume. 

 
Simulation of Reduction Rate by Models.  

Curve analysis indicates that the reduction rate and 
influencing factors have linear relationships, which 
affect the reduction rate of inflow water, interval 
time, and packing types. Thus, the regression 
equation between the reduction rate and various 
factors is solved with the stepwise regression model 
of linear analysis in the SPSS software. This study 
adopts two methods of stepwise regression model 
to simulate the effect of water reduction. The 
procedure is performed nine times, that is, three 
times for each condition (i.e., low, medium, and 
high water volumes). Six field test data are chosen 
to establish the model, including two tests from 
different water volumes as the first method. The 
remaining three field test data are used for the test. 
We set up the regression model as follows: 

55443322110 XaXaXaXaXaaY ,  (5) 

where Y indicates the water reduction rate, X1 
indicates the inflow water, X2 indicates the interval 
running time, X3 indicates the porosity, X4 indicates 
the permeability coefficient, and X5 indicates the 
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submerged zone height. 
Simulation uses the stepwise enter method, 

whereas other options use the system default 
settings to obtain the output result of the preceding 
definition model. From R2 of the model and the 
standard error of the estimate indicate that the R2 
value is high, which shows a good fitting degree of 
the common variable ratio and model and data. 
According to the regression coefficient of the 
model, constant, unstandardized regression 
coefficient values, and standardized regression 
coefficient are included, and the significance is 
tested. The regression equation is obtained from the 
following stepwise regression; (6) 

The rest of the data are placed in the 
regression equation for inspection, and the 
predictive values are obtained. The measured 
results are compared with the predicted results, as 
shown in Fig. 6.  

The model results are inspected with the 
deterministic coefficient (i.e., Ens, Nash Sutcliffe 
simulation efficiency coefficient), when the 
measured values Q0 equal the simulated values QP, 

Ens = 1. Ens is close to 1, which shows that the 
model efficiency is high. If Ens is negative, the 
credibility of the average values simulated by the 
models is lower than the credibility of the measured 
average values. The measured and predictive values 
are placed in the Nash Sutcliffe coefficient 
calculation equation in the simulation. The obtained 
result is Ens = 0.86, and the inspection result is Ens 
= 0.74. The difference between the values 
calculated via the stepwise regression method and 
original data is small. The simulation results can 
accurately reflect the measured values. The result is 
analyzed based on the histogram and normal 
probability, and the result of the simulation results 
agree with the normal distribution, thereby showing 
a good credibility of the simulation values. 
Similarly, in method 2, nine field test data are 
chosen from each bioswale of #6, #7, #8, and #9, 
including three games from the small, medium, and 
large water. The data from #10 are used for the test, 
and the regression equation is (7) 

 

 

54321 023.0533.22321.5865.6015.093.270 XXXXXY ,                        (6) 

54321 032.0568.20616.5679.2016.0404.285 XXXXXY .                        (7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 6 

Measured and predicted comparison chart. In the simulation, two data from each of the small, 
medium, and high cases of water quantity are taken. Six field test data are used to establish model, and 
three residual field test data are taken from 12/19/ 2013 (small quantity), 11/28/2013 (medium quantity), 

and 12/30/2013 (high quantity) for testing. 
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The simulated results (Ens) in method 1 are 
greater than those in method 2 (i.e., the predictive 
and inspection results are 0.84 and 0.70, 
respectively) both in the simulation and test. 
Therefore, the credibility of the regression model 
calculated by method 1 is high, and the prediction 
results are accurate. 

 
 

CONCLUSIONS 

 
This study considered different inlet waters, 

interval running time, and packing types. Three 
main factors influence the running effect of 
bioswales on the runoff volume and reduction rate 
of the flood peak flow. The test shows that 0.5 m 
cells without seepage controlling results in a 
decrease of the runoff reduction rate with an 
increase in inlet water. The unit runoff reduction 
rate cannot increase with an increase in interval 
time, even though the trend of the runoff reduction 
rate declines. In actual engineering, to reduce the 
runoff volume, medias can be selected in the 
following order: SSH > soil > BFSS> FS >BFS. 
The delay time of the overflow flood peak of all the 
test grooves is between 15 and 30 min. The longest 
duration is approximately 20 min. Moreover, the 
curve analysis function of the SPSS software is 
used to establish the relationship between the 
factors and cutting effect. R2 is higher than 0.6, 
which indicates that the three influencing factors 
have a linear relationship with the reduction rate of 
the runoff volume. In the future studies, we must 
consider long-term operation to investigate the 
effects on different seasonal temperatures. The 
actual rainfall process, including light to heavy 
rainfall events, to establish the relationship between 
the parameters of actual facilities and the cutting 
effect. 
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ABSTRACT 
 

Bee pollen is considered a health food with a 
wide range of therapeutic properties. This study 
aimed to determine the environmental effects on 
biologic activities of pollen samples obtained from 
eleven different environmental sources and 
geographical origins in Turkey (Artvin, Balikesir, 
Duzce, Edirne, Kahramanmaras, Mersin, Mugla, 
Nigde, Ordu, Sivas and Van). Pollen samples were 
kept at +4oC until extracted. Total antioxidant 
status, total oxidant status and oxidative stress 
indexes in pollen samples extracted with specific 
methods were defined with in vitro analyses and 
results comparised. These characteristics of pollen 
were analysed by the most sensitive and reliable 
measurement kits developed newly. The highest 
total antioxidant capacity was observed (P<0.01) in 
pollen samples obtained from Artvin and Balikesir 
provinces. Total antioxidant capacities of pollen 
samples collected from different regions 
demonstrated differences because of different 
phytogeographic characteristics of regions in 
Turkey. Antioxidant properties of pollen depended 
on phenolic compounds that could change 
according to plant vegetation of pollen obtained 
from different regions. 
 
 
KEYWORDS:  
Antioxidant, in vitro analyses, Oxidant,  Pollen, Turkey. 
 
 
INTRODUCTION 
 

Composition of bee pollen, can vary due to 
their botanical and geographic origin, contain 
carbohydrates, amino acids, proteins, lipids, 
vitamins, minerals, phenolic compounds, 
flavonoids, concentrations of phytosterols and are 
also rich in phytochemicals [1-4]. These 
compounds bear great significance not only for the 
activities of honeybees but also for consumer health 
due to their presence in the composition of honey. 

Pollens are also rich in flavonoid and phenolic 
compounds [5]. 

Bee pollen is considered a health food with a 
wide range of therapeutic properties, among which: 
antimicrobial, antifungal, antioxidant, anti-
radiation, hepatoprotective and anti-inflammatory 
activities [6]. In addition, it has been determined to 
trigger beneficial effects in the prevention of 
prostate problems, arteriosclerosis, gastroenteritis, 
respiratory diseases, allergy desensitization, 
improving the cardiovascular and digestive 
systems, body immunity and delaying aging [7]. 
These therapeutic and protective effects have been 
related to the content of polyphenols [6]. 

Phytochemicals, such as phenolic compounds 
are considered beneficial for human health since 
they decrease the risk of degenerative diseases by 
reducing oxidative stress and inhibiting 
macromolecular oxidation. They have been shown 
to possess free radical-scavenging and 
metalchelating activity in addition to their reported 
anticarcinogenic properties [2]. Usually it contains 
vanillic acid, protocatechuic acid, gallic acid, p-
coumaric acid, hesperidin, rutin, kaempferol, 
apigenin, luteolin, quercetin, isorhamnetin caffeic 
acid and naringenin [3,4]. This composition tends 
to be species-specific, and has been related to the 
therapeutic properties (antibiotic, antineoplasic, 
antidiarrhoeic and antioxidant) of pollen. It is 
known that the evaluations of the antioxidant 
activity in chemical or in vitro biological systems 
do not represent real activity [3,4,8,9]. 

Their antioxidant effects are largely related to 
their free radical scavenging activity. The 
composition, which varies with botanical origin, is 
at the same time responsible for a high level of 
antioxidant activity [5]. Recent studies have shown 
that flavonoids obtained from pollen of different 
geographical or botanical origin contain compounds 
with various nutritional relevance. The free radical 
reactions and scavenging capacities to reactive 
oxygen species of the pollen may be due to factors 
such as differences in atmospheric or environmental 
conditions, soil or physiology of plant [10,11]. 
Although we aimed to determined of total  
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FIGURE 1 
Locations of pollen samples collected from Turkey; 1. Artvin, 2. Balikesir, 3. Duzce, 4. Edirne, 5. 

Karamanmaras, 6. Mersin, 7. Mugla, 8. Nigde, 9. Ordu, 10. Sivas, 11. Van. 
 
 

antioxidant status, total oxidant status and 
oxidative stress indexes of pollen samples obtained 
from different phytogeographical regions and 
environmental sources with in vitro analyses. 
 
 
MATERIALS AND METHODS 

 
Collection os pollen samples. Pollen samples 

were collected from eleven different locals (Artvin, 
Balikesir, Duzce, Edirne, Kahramanmaras, Mersin, 
Mugla, Nigde, Ordu, Sivas and Van) on seven 
regions of Turkey (Figure 1). These samples were 
gathered from beekeepers at different months in 
2011, because of flowering and maturation of 
pollen show differences as depent on condition of 
ecological, geographical and climatic [12]. The 
samples were stored at 4o C until analyses. 

 
Preparation of pollen extraction. Pollen 

samples (5 g) were extracted 25 mL of 70% ethanol 
and these solutions were mixed until homogeneous. 
Extracts were homogenized in a sonicator (Selectra 
Ultrasons) at 15 min (Selectra Ultrasons). Obtained 
solutions were filtered (Whatman no 4 filter paper) 
and concentrated at 40oC under reduced pressure in 
a rotary evaporator (Heildolph Heizbad HB Digit). 
Prepared extracts were stored until analyses [3,13].  
 

Biochemical analyses. Total antioxdant 
status (TAS). TAS were evaluated using 
commercially available kits (Rel assay, Turkey). 
This method is founded on the whitening of 
characteristic color of a -
Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) 

radical cation by antioxidants. The assay has 
extreme sensitive data, which are lower than 3%. 
The results were expressed as mmol Trolox 
equivalent/L [14]. 

 
Total oxidant status (TOS). TOS were 

measured using commercially available kits 
(Relassay, Turkey). In the new method, oxidants 
present in the samples oxidized the ferrous ion-o- 
dianisidine complex to ferric ion. The oxidation 
reaction was enhanced by glycerol molecules 
abundantly present in the reaction medium. The 
ferric ion produced a colored complex with xylenol 
orange in an acidic medium. The color intensity, 
which could be measured spectrophotometrically, 
was related to the total amounts of oxidant 
molecules present in the sample. The assay was 
calibrated with hydrogen peroxide and the results 
were expressed in terms of micromolar hydrogen 

l H2O2 
equivalent/L) [15]. 

 
Oxidative stress index (OSI). The oxidative 

stress index (OSI) was determined with the ratio of 
TOS to TAS. For calculation, the resulting unit of 

was calculated according to the following Formula: 
2O2 

equivalent/L) / ) 
[16-18]. 
 

Statistical analysis. All data were analyzed by 
comparing means with one-way ANOVA method 
using SPSS software (Chicago, IL, USA; Version 
16.0). The mean differences among the provinces  
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TABLE 1 
The TAS, TOS and OSI values of pollen samples obtained from different regions. 

  
             Parameters 
 
 
Locals 

n TAS 
(mmol Trolox 

Equiv. /L) 

TOS 
(umol H2O2 

Equiv./L) 

OSI 
(TOS/TAS) 

Artvin 5 3.81±0.030a 42.17±0.680d 1.11±0.023d 
Balikesir 5 3.83±0.029a 38.94±0.417e 1.02±0.011e 
Duzce 5 3.22±0.025ef 13.57±0.178h 0.42±0.007h 
Edirne 5   3.25±0.025def   11.84±0.082i 0.36±0.003i 
Kahramanmaras 5 3.19±0.023f 13.01±0.186h 0.41±0,008h 
Mersin 5   3.29±0.018de 21.85±0.210g 0.66±0.006g 
Mugla 5 3.56±0.031c 45.68±0.234c 1.28±0.011c 
Nigde 5 3.04±0.001g 21.23±0.255g 0.70±0.008g 
Ordu 5   3.25±0.047def 31.17±0.319f 0.96±0.019f 
Sivas 5 3.66±0.029b 58.32±0.197a 1.59±0.015a 
Van 5 3.34±0.052d 48.92±0.168b 1.46±0.026b 

OVERALL 55   3.40±0.036 31.52±2.110 0.91±0.056 
For each parameter, different letters in the same column represent statistically significant mean differences 
(P<0.01) 

 
 

test. 
 
 
RESULTS  
 

Total antioxidative status (TAS) of pollen 
samples. Total antioxidant capacities of pollen 
samples were determined using commercial kits. 
TAS values of analysed pollen samples are showed 
in table 1. Recent studies antioxidatnt properties of 
pollens obtained from different phytogeographical 
by honeybee indicated that pollens collected by 
bees generally show characteristic antioxidant data 
depending on to its botanical origin [7,9,19]. 

TAS values of pollen samples obtained from 
Artvin, Balikesir, Duzce, Edirne, Kahramanmaras, 
Mersin, Mugla, Nigde, Ordu, Sivas and Van 
regions were determined as respectively 
3.81±0.030, 3.83±0.029, 3.22±0.025, 3.25±0.025, 
3.19±0.023, 3.29±0.018, 3.56±0.031, 3.04±0.001, 
3.25±0.047, 3.66±0.029 and 3.34±0.052 mmol 
Trolox Equiv./L. Compared to TAS data pollen 
samples collected from eleven different regions;  
pollen samples obtained from Artvin and Balikesir 
locals have statiscally significant the highest 
(P<0.01) TAS levels. Statiscally significant the 
lowest (P<0.01) TAS values were determined in 
pollen samples of Duzce, Edirne, Kahramanmaras, 
Mersin, Nigde and Ordu areas. Compared of TAS 
levels of pollen samples obtained from Mugla, 
Sivas and Van regions weren't observed statiscally 
significant a different (P>0.01). 
 
 

Total oxidant status (TOS) of pollen 
samples. The investigation of TOS data of pollen 
samples obtained from different regions: TOS 
values of Pollen samples of Artvin, Balikesir, 
Duzce, Edirne, Kahramanmaras, Mersin, Mugla, 
Nigde, Ordu, Sivas and Van locals are respectively 
42.17±0.680, 38.94±0.417,  13.57±0.178, 
11.84±0.082, 13.01±0.186,  21.85±0.210,  
45.68±0.234, 21.23±0.255,  31.17±0.319,  
58.32±0.197 and 48.92±0.168 μmol H2O2 Equiv./L. 
The investigation of TOS values of pollen samples 
from eleven different regions: pollen samples of 
Sivas and Van areas are statiscally significant the 
highest (P<0.01) TOS data. Pollen samples procure 
from Duzce, Edirne and Kahramanmaras regions 
were determined to have statiscally significant the 
lowest (P<0.01) TOS values. Each other of pollen 
samples collected from Artvin, Balikesir and Mugla 
regions weren't observed statistically significant a 
difference in TOS values (P>0.01). A statiscally 
significant difference between TOS values of pollen 
samples from Mersin and Nigde weren't determined 
(P>0.01). TOS data of pollen sample taken from 
Ordu region is low according to oxidant status of 
pollen samples from Artvin, Balikesir and Mugla 
areas.   
 

Oxidative stress index (OSI) of pollen 
samples. The OSI data of pollen samples obtained 
from Artvin, Balikesir, Duzce, Edirne, 
Kahramanmaras, Mersin, Mugla, Nigde, Ordu, 
Sivas and Van were determined as respectively 
1.11±0.023, 1.02±0.011, 0.42±0.007, 0.36±0.003, 
0.41±0.008, 0.66±0.006, 1.28±0.011, 0.70±0.008, 
0.96±0.019, 1.59±0.015 and 1.46±0.026. Compared 
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to OSI data of pollen samples collected from eleven 
different regions were observed statistically 
significant the highest (P<0.01) OSI values in 
pollen samples of Sivas and Van areas and 
statistically significant the lowest (P<0.01) OSI 
levels in pollen samples Duzce,  Edirne and 
Kahramanmaras. In OSI data pollen samples 
obtained from Artvin, Balikesir and Mugla regions 
were  statistically significant a difference 
(P>0.01). OSI data of pollen samples of Artvin, 
Balikesir and Mugla are statistically significant 
lower than OSI data pollen samples Sivas and Van 
regions (P<0.01). OSI value of Ordu region
pollen is statistically significant lower than OSI 
values of Artvin, Balikesir and Mugla 
(P<0.01). statistically significant 
different (P>0.01) among pollen samples obtained 
from Mersin and Nigde. OSI data of pollens of 
Mersin and Nigde were statistically significant 
lower than OSI data of pollens of Artvin, Balikesir 
and Mugla (P<0.01). 
 
 
DISCUSSION AND CONCLUSION 
 

In the present study, TAS data of eleven 
pollen samples collected by honeybee from 
different phytogeographical locals of Turkey were 
in the range of 3.04±0.001 and 3.83±0.029 mmol 
Trolox Equivalent/L. In a study carried out by 
Cheng et al., when the concentration of sample 
ranged from 25 to 125 lg/mL, the percentage DPPH 
scavenging activity ranged from 7.68% to 87.94% 
and SCPE exhibited a dose dependent scavenging 
of DPPH radical in a measurement concentration 
range [3]. Carpes et al. determined antioxidant 
activities of the pollen samples extracted with 60, 
70 and 80% of ethanol and did not present 
statistical significant difference between the 
extraction conditions [19]. The higher value for 
antioxidant activity index was 83.30% for the 
pollen from Alagoas state and 81.15% for Parana 
state pollen. The highest degree of antioxidant 
activity was found in the extraction at 60% of 
ethanol solution for Parana state pollen, which also 
showed the highest concentration of polyphenol 
compounds. In our study, we used to ethanol exract 
for determined to 
capacities. Leja et al. [20] and Marghitas et al. [21] 
observed that there are differences the antioxidant 
capacities of pollen samples collected by honeybee 
from different plant species. These results show 
parallel with our results that TAS values of pollen 
samples collected from different locals are 
different. The monospecific mesquite honeybee 
pollen samples have reported a significant activity 
as inhibitors of lipid peroxidation in vivo systems 
and may contribute to exogenous defense against 
oxidative stress [8]. Previous studies on pollen 

 that the 
presence of correlation between the organic 
compounds such as polyphenols and flavonoids and 
antioxidant activity and the species-specific 
flavonoid and phenolic acid contents and profiles 
play a significant role in determining the particular 
antioxidant capacity of pollen of different botanical 
origin [6,8,22,23]. 

TOS values of pollen samples provided from 
eleven different phytogeographical regions were 
determined as 11.84±0.082 to 58.32±0.197 μmol 
H2O2 Equiv./L and OSI (TOS/TAS) levels of pollen 
samples obtained from different locals were 
established as 0.36±0.003 to 1.59±0.015. OSI data 
of honeybee pollen samples obtained from Duzce 
and Kahramanmaras regions were lower than pollen 

other regions. Based on these 
results we said that antioxidant properties of pollen 
samples collected from these two locals are better 
than antioxidant properties of pollens of other 
locals. 

We studied in vitro analyses could be use 
usefully to define the antioxidant properties of 
pollen samples. Which these analyses were tested 
with newly developed researching kits be capable 
of extremely reliable, sensitive, rapid and simple 
according to other methods.  

In this study was determined to antioxidant 
capacities of pollen samples obtained different 
eleven locals and environments, they are different 
ecological and geographical structure, of Turkey. 
As a result of obtained data was demonstrated that 
the antioxidant capacities of pollen samples 
collected from different regions may vary as 
depending on phytogeographical, climatic and 
ecological feature of localities.  
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ABSTRACT 
 

The influence of heat generated from garbage 
composting on the performance of sludge anaerobic 
digestion was studied in a self-designed TIDGTS 
(the integration of domestic garbage and town 
sludge) reactor with dosing rates of 20%, 25%, and 
30%. Result shows that the heat generated from 
garbage composting provides sludge digestion with 
an appropriate mesophilic environment. When the 
environment temperature is 20 35 °C, the 
temperature in the garbage chamber and sludge 
chamber is 30 45 °C and 30 40 °C, respectively, 
during the entire reaction. The dosing rate of 25% is 
the optimum proportion for the reactor. Under 
normal conditions, the soluble chemical oxygen 
demand is 200 260mg/L, volatile fatty acids are 
60 130 mg/L, and organic matter removal rate is 
22.87%.The average gas production is 41.80L/d 
and the chemical oxygen demand of the effluent is 
191.8 547.1mg/L, with an average of 
363.182mg/L. Sludge anaerobic digestion in 
TIDGTS follows the Monod dynamic model, and 
the fitted curve results show that the correlation 
coefficient is 0.9167,0.9306, and 0.8992 when the 
dosing rate is 20%,25%, and 30%, respectively. 
These findings suggest a linear relationship.  
 
 
KEYWORDS:  
Sludge; Anaerobic digestion performance; Compost; 
Temperature 
 
 
INTRODUCTION 

 
The production of waste activated sludge has 

increased over the previous years because of the 
increasing number of waste water treatment plants 
and the requirements for more stringent effluent 
quality regulations [1].Given that sludge is always 
accompanied by organic pollutants, heavy metals, 
and pathogens, secondary pollution can occur if it is 
not treated appropriately with decrement 

stabilization and other resources [2-4].Anaerobic 
digestion is effective in odor removal, pathogen 
reduction, and energy recovery in the form of 
methane; thus, it is regarded as the main method for 
maintaining the stability and reclamation level of 
sludge [5].Heat is required in anaerobic digestion, 
mainly to raise the temperature for digesting 
incoming sludge, compensating losses through the 
sludge digester, and partly for piping between the 
heat source and the digester [6].Temperature is an 
important factor that affects anaerobic digestion [7-

9]. Therefore, outer heat sources are chosen to 
maintain the temperature requirement in anaerobic 
digestion. Braguglia al. compared the performances 
of ultrasound (mechanical) and ozone (chemical) 
pretreatment in excess sludge semi-continuous 
digestion using a water bath heated at 37 °C [10]. To 
observe the effect of the thickening and digestion of 
sludge, Du and Liu et al. pumped sludge to 
incorporate sludge thickening into digestion 
reaction after heating sludge to 38 40 °C using an 
electronic heater in a sludge allocated box [11]. After 
studying the pretreatment mechanisms during the 
thermophilic mesophilic temperature phase of 
primary sludge anaerobic digestion, Ge et al. used 
temperature-controlled water jackets to maintain 
temperature during pretreatment stages and 
submerged electrical heating elements during the 
primary methanogenic stages [12]. Shao et al. studied 
enhanced anaerobic digestion and sludge 
dewatering capability through alkaline pretreatment 
and its mechanism of placing the digestion reactor 
in an incubator at (37.0±0.1)°C [13]. Qiao et al. 
researched up-flow anaerobic sludge blanket 
reactors and biogas production from supernatant 
hydrothermally treated sludge in cities by placing 
samples in an oil bath [14]. A large amount of heat is 
generated during the process of garbage aerobic 
composting [15-17]. The authors took advantage of 
the heat generated through composting to obtain the 
temperature requirement for anaerobic digestion 
stages. They designed an integrated reactor for 
sludge thickening and digestion, and then 
transferred heat from garbage aerobic composting  
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TABLE 1 
Characteristics of the garbage used in the study. 

 

 

TABLE2 
Characteristics of the waste-activated sludge used in the study. 

 

 
to anaerobic digestion, which maintains a stable 
temperature in the reactor. 

 
 

MATERIALS AND METHODS 
 
Reactor introduction. Sludge thickening and 

digestion reaction [18] are combined with 
composting in a TIDGTS(the integration of 
domestic garbage and town sludge)reactor [19]. 
TIDGTS consists of two parts: 1) a 600L garbage 
aerobic composting reactor, called the garbage 
composting chamber; and 2) a 110L sludge 
thickening and digestion chamber, which is 
surrounded by the garbage composting chamber 
and provides an area for sludge thickening and 
digestion. The latter is divided into a 56L external 
reaction chamber, a 25L inner chamber, a 6L sludge 
thickening chamber, a 20L settling region, and a 3L 
gas collection region. 

 
Substrate. The sludge used in this experiment 

was collected from a mud-storage basin in a sewage 
treatment plant. The garbage, which was collected 
from a waste transfer station in a university, was 
manually sorted kitchen garbage. The 
characteristics of the sludge and garbage are shown 
in Tables 1 and 2, respectively. 

 
Experimental principle and process. The 

heat generated from garbage aerobic composting 
was used to provide a comfortable and stable 
temperature to the environment for the thickening 
and digestion of sludge. The selected garbage was 
added to the garbage composting chamber from the 
inlet throat at the top of the chamber. An aeration 
process was then performed via an aeration pump. 
Afterward, the garbage leachate was discharged 
from the bottom of the garbage composting 
chamber. Furthermore, fresh garbage was added to 
the chamber every few days to stabilize 
temperature. 

The residual sludge was guided to the 
allocated box and allowed to flow into the external 

reaction chamber through the control valve with the 
help of gravity. It then began to thicken at the 
bottom of external reaction chamber. Afterward, the 
condensed sludge entered the inner chamber 
through the digestion reaction via a hole. Finally, 
the digested sludge was discharged from the bottom 
of the reactor. The biogas produced in the sludge 
digestion process was exhausted outside the reactor 
after being measured with a scrubbing bottle and a 
wet-type gas flow meter. Moreover, the top of the 
external reaction chamber was connected to a 
measuring tank, which was used to measure 
supernatant volume. The experiment is illustrated in 
Figure 1.  

 
Start-up and operation. Seed sludge (50L) 

was added into the sludge chamber, and 10L fresh 
sludge was added daily until the amount of sludge 
reached the set limitation. A small amount of 
biogas is present in the reactor at that moment. 
Thus, the bacteria contained in sludge reacted under 
an anaerobic condition. Fresh sludge (14L) was 
mixed at the rate of 12.5% and put into the reactor 
to maintain a low-load treatment environment. 
Considering solids retention time (SRT), the system 
simply exhausted water instead of sludge during the 
early stage of the start-up process. When the solid 
sludge reached the supernatant, the digested sludge 
began to be exhausted according to the moisture 
content of the added and discharged sludge. 
Consequently, a balanced environment of sludge 
concentration is maintained. During the 
aforementioned processes, biogas and digested 
sludge were carefully observed and continuously 
tested. The start-up process can be judged as a 
success when the system satisfies the following 
standard requirements. 1) Biogas is produced 
stably. 2) Parameters such as pH, alkalinity, and 
volatile fatty acids (VFA) remain at a normal level. 
3) A considerable reduction in the dosing rate of 
organic matter in the digested sludge is achieved. 

The digested degree of sludge was observed 
under fresh sludge dosing rates of 20%, 25%, and 
30% after the reactor started up and operated stably. 

Parameter Value Parameter Value 
Moisture content  0.75 0.8 VS/TS (mg/L) 0.92 0.4 

Parameters Value Parameters Value 
pH 6.86 8.38 VFA (mg/L) 68.6 188.7 

Alkalinity(mg/L) 166.56 947.31 Moisture content 0.96 0.99 
SCOD (mg/L) 48.1 130.3 VS/TS (mg/L) 0.29 0.42 
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FIGURE 1 
Flow diagram of the experiment. 

 
 

Chemical analysis. Temperature was 
measured using a temperature control meter (XTA-
7000). Moreover, the concentrations of volatile 
solids (VS) and total solids (TS) were determined 
through the drying method at the temperature of 
103 105 °C and 600 °C, respectively. Meanwhile, 
pH was measured through ZD-2 auto potential 
titration. The concentrations of VFA were 
determined through the distillation method. 
Chemical oxygen demand (COD) was measured 
according to Chinese standards (the oxidation 
method with potassium dichromate). In addition, 
biogas amount was measured using a wet-type gas 
flow meter. 

 
Calculation. Calculating VS/TS. The dosing 

rate of organic matter in dry sludge, namely, 
 

                              (1) 
where m2 is the total mass of the crucible and 

the sludge sample after a drying process (g), m3 is 
the total mass of the crucible and the sludge sample 
after a firing process (g),and m1 is the mass of the 
crucible (g). 

Calculating VFA The concentration of acetic 
acid is used to represent VFA (Eq.2) as follows: 

                           (2) 
where c is the concentration of NaOH standard 

solution (mol/L), V2 is the volume of NaOH 
standard solution used during the titration process 
(mL),and M is the molar mass of acetic acid 
(M=60.05).The correction factor is 0.7, assuming 
that only 70% VFA can be obtained from the 
distillate. 

Mathematical analysis.  The Monod 
dynamic model is applied. The correlation between 
effluent concentration and substrate degradation 
rate can be verified, and a fitted curve equation is 
calculated as follows: 

                           (3) 
where v is the specific degrading rate of the 

substrate, Se is the COD concentration of the 
effluent, and Ks is the saturation of the substrate. 
Data fitting and modeling parameters were solved 
using Origin 8.0. 

 
 

RESULTS 
 
Effect of temperature on the sludge 

thickening and digestion chamber. The 
temperature variations of the reactor and the 
environment are shown in Figure 2. 
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FIGURE 3 

pH of the sludge with time. 
 
As shown in Fig. 2, the temperature of the 

environment varied the most (from 20 °C to 35 °C) 
during the operating process in the reactor. The 
temperature in the garbage chamber is higher than 
that in the outside environment because of the heat 
produced by garbage composting, whose 
temperature remained stable at 30 45 °C. The 
sludge chamber had a similar temperature condition 
as the garbage chamber. Sludge anaerobic digestion 
can proceed smoothly at 30 40 °C. 

 
pH variation in the sludge chamber. 

Appropriate pH is an important indicator of 
whether the reactor is operating in a stable 
condition. As shown in Fig. 3, pH varied under 
different operating conditions. 

The figure shows that the pH of the inflowing 
sludge varied the most. It fluctuated substantially 
between 7.1 8.38. This phenomenon mainly 
resulted from the fact that inflowing sludge was 
collected directly from the mud pool of the sewage 
plant. However, the time during which the sewage 
plant exhausted the excess sludge was not fixed and 
resulted in differences in the properties of the 
samples. Moreover, although pH fluctuation was 

observed in the inner chamber, the amplitude of 
variation was considerably narrower than the inflow 
under three different operating conditions. 
Although the pH values of some samples were 
above 8.0, those of most samples remained at 7.5
8.0. Thus, the reactor is capable of resisting impact 
load. 

 
Variation of VS/TS.  Organic mass 

content was indicated in VS/TS. The change curve 
of VS/TS in the inflow and the effluent (Figure 4) 
shows that organic mass in sludge tends to have a 
low content at the dosing rate of 20%. Organic 
mass content (VS/TS) was 0.3 0.5 most of the 
time, whereas the effluent was 0.24 0.28, which 
was lower than the inflow. VS/TS increased to 
0.32 0.38 under the condition of a 25% sludge 
proportion and a stable VS/TS value of 0.25 0.27 
in effluent. Furthermore, when the dosing rate was 
30%, the VS/TS value of the inflow rose to 0.32
0.41, and that of the effluent reached 0.25 0.3. 
Organic mass removal rate was 18.87%, 22.87%, 
and 23.41% with the average VS/TS at the dosing 
rates of 20%, 25%, and 30%, respectively. 
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FIGURE 4 
VS/TS of sludge with time. 
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FIGURE 5 

Volume of biogas with time. 
 

Gas production. The variation in gas 
production in the sludge chamber is shown in 
Figure 5.During the experiment, gas production 
fluctuated wildly in the sludge chamber because of 
the fluctuation in temperature. When the dosing 
rates of sludge were 20%, 25%, and 30%, the 
average gas production were 42.96L/d 
(258.8m3CH4/t VS), 41.80L/d (201.9 m3CH4/t VS), 
and 35.91L/d (144.2 m3CH4/t VS), respectively. 

 
COD of the effluent. The COD curve in the 

effluent of the supernatant from the sludge chamber 
is shown in Figure 6.At the dosing rates of 20%, 
25%, and 30%, the COD in the supernatant of the 
sludge chamber were 156.7 207.2, 191.8 507.2, 
and 223.2 468.6mg/L. The average values were 
268.8, 363.182, and 384.4 mg/L, respectively. 

 
Intermediate products. Soluble COD 

(SCOD) and VFA are important intermediate 
products that indicate the effect of sludge 
hydrolysis in the sludge anaerobic digestion 

process. As a general rule, an increasing SCOD is 
beneficial to biogas yield during the treatment of 
sludge [20]. However, VFA yield is a significant 
indicator of the hydrolysis fermentation degree of 
organic mass [21]. 

 
Variation of SCOD. Figure 7 presents the 

SCOD variation curve under different dosing rates. 
The SCOD of inflow were in relatively low stages 
(less than 110mg/L) when the reactor was operated. 
It fluctuated between 150 250mg/L at the dosing 
rate of 20%. However, when the dosing rate was 
increased to 25%, SCOD reached 270mg/L during 
the sixth day. It decreased slowly in the following 
days, but the process was relatively stabilized when 
the minimum concentration reached 200mg/L. As 
dosing rate increased to 30%, SCOD fluctuated 
from 170mg/L to 200mg/L except in some 
individual points. These results are obviously less 
than those when the dosing rate is 20% in average 
probably because hydraulic retention time is 
shortened as reactor load increases. 
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FIGURE 6  
COD of the effluent with time. 
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FIGURE 7  
SCOD of the sludge with time.

 
Variation of VFA. 
Figure 8 shows the variation of VFA in the inner 
chamber (the VFA of inflow was 70 200 mg/L). 
When the dosing rate was 20%, VFA fluctuated 
from 60 mg/L to 140 mg/L, which is low and stable 
compared with that of the inflow. When the dosing 
rate increased to 25%, VFA tended to increase 
gradually, but its overall level remained low at 60
130mg/L. Given that VFA did not accumulate 
during that time, the methanogens in the reactor 
were highly active. The VFA produced during the 
hydrolysis reaction process were decomposed 
rapidly by the methanogens. Thus, the process 
exhibited high gas production. When the dosing 
rate was 30%, the VFA concentration in the sludge 
chamber increased significantly until 381mg/L was 
reached. Although alkalinity decreased as VFA 
increased, the pH value did not obviously decrease 
because the pH value of inflow began as mildly 
alkaline and remained as such in the entire 
environment [22]. However, given the buffer action 
of alkalinity, the system consumed part of alkalinity 

to alleviate acidification. Thus, the pH value tended 
to be stable. In general, VFA tended to remain at a 
low stage and did not accumulate in the reactor at 
20%and 25% dosing rates. Thus, the methanogens 
is reaction could be fully conducted compared with 
at a dosing rate of 30%. 
 
 
DISCUSSION AND CONCLUSIONS 
 

Discussion of the influence of heat 
generated from garbage composting on sludge 
anaerobic digestion performance. Temperature is 
a major influencing factor in sludge digestion. The 
aim of this study is to maintain an environment 
with a suitable temperature for sludge digestion 
using domestic garbage compost. Experiments 
showed that heat was better transmitted between the 
garbage chamber and the sludge chamber. In 
addition, the heat produced by garbage composting 
can compensate for the heat required in mesophilic 
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FIGURE 8 
VFA of the sludge with time. 
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sludge digestion. Moreover, the garbage 
chamber functioned as a temperature buffer to the 
sludge chamber. It lessened the fluctuation of 
temperature in the sludge chamber to a certain 
degree, which benefited sludge digestion. 

Under this temperature condition organic 
mass removal rate was insufficiently high. 
However, according to the investigation of Saha et 
al. the disintegration of a pulp mill was only 9%
23% because the inflow had a low organic mass 
and sludge had low biodegradability [23]. Therefore, 
the dosing rates of 20% and 25% exhibited better 
effect than the 30% dosing rate. The increased 
volumetric loading contributed to gas loss. Under a 
high load condition, the products of hydrolytic 
acidification (e.g., VFA) could not be ingested in a 
timely manner by methanogens. Then, VFA began 
to accumulate when the alkalinity of the reactor was 
low. This event impaired the activity of 
methanogens, contributed to the inhibition of 
methanogenesis reaction, and finally led to a loss in 
gas production. According to Suvi Bayr studied in 
thermophilic anaerobic digestion of pulp and paper 
mill primary sludge and the co-digestion of primary 

However, the result is considerably higher than that 
obtained by Jokela (45 m3CH4/t VS) [24-

25].Therefore, dosing rate increased along with the 
average COD. Moreover, with the increasing high 
load, solid organic materials were transformed into 
small soluble molecular substances, which 
increased the COD in the effluent. Thus, insoluble 
organic molecules were discharged when they were 
not hydrolyzed completely, which contributed to 
the increase in COD as dosing rate increased 
(Figure 6). 

The SCOD in the inner chamber was higher 
than the inflow under the three conditions in this 
study. Thus, the reactor can promote hydrolysis. 
When the dosing rate was 25%, SCOD was higher 
and stable compared with when the dosing rates 
were 20%and 30%. This result shows that 
hydrolysis reaction can occur efficiently and 
steadily, which may result in a high and stable gas 
production rate. Compared with the variation in 
SCOD (Figure 7), SCOD did not decline 
significantly when the dosing rate was 30% while 
VFA accumulated significantly. This result could 
be attributed to the inhibition of the methanogens is 
reaction or the VFA produced by acid-forming 
bacteria was not used by the methanogens in time, 
which also led to low gas production. 

 
Discussion of Monod dynamics model. The 

method applied in the sludge chamber was 
anaerobic digestion, which is a complicated 

biochemical reaction process. Furthermore, organic 
matrix decomposition and biomass accumulation 
were conducted concurrently. This experiment, 
which was based on the Monod dynamic model, 
was performed to analyze the Kinetics of substrate 
degradation. The following assumptions were 
made. 

TIDGTS is operated under a steady state. 
The materials are fully mixed in the reactor. 

The concentrations of the materials are similar in all 
parts of the reactor. 

 Under anaerobic condition, organic matter 
removal follows the law of first order reaction 
kinetics. 

According to the Monod fundamental equation 
and mass balance equation, 

 

 
 
where v is the specific substrate degradation 

rate (d 1), Se is the concentration of COD in effluent 
(mg/L),and Ks is the substrate saturation 
concentration (mg/L). The fitting and model 
parameters were solved using Origin 8.0. 
According to the experimental results, the model 
was fitted with 1/v as dependent variables and 1/Se 
as independent variables. 

Figures 9, 10, and 11show that the correlation 
coefficient at dosing rates of 20%, 25%, and 30% 
were 0.9167, 0.9306, and 0.8992, respectively, 
which suggest a good linear dependence relation 
between 1/v and 1/Se. The variation of model 
parameters as Ks and vmax was presented in Table 
3.The largest specific substrate degradation rate 
was increased as the dosing rate increased. When 
the dosing rate increased from 20% to 25%,vmax 

increased by 57.0%. However, it only increased by 
17.7% when the dosing rate increased from 25% to 
30%, which may be attributed to the enzyme 
reaction being the main process of organic matter 
degradation. Thus, while enzyme concentration 
remained within a certain range, the specific 
substrate degradation rate increased rapidly as the 
sludge dosing rate increased but slowly under a 
high dosing rate. Thus, 25% is a better dosing rate 
because it can reduce the volume of the reactor 
chamber while maintaining a high specific substrate 
degradation rate. The kinetic equation at the dosing 
rate of 25% is 
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FIGURE 9  

Solution of the kinetic parameters at a dosing rate of 20%. 
 
 

 
FIGURE 10  

Solution of the kinetic parameters at a dosing rate of 25%. 
 
 

 
FIGURE 11  

Solution of the kinetic parameters at a dosing rate of 30%. 
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TABLE3  
Solution of the kinetic parameters. 

 
Dosing Rate (%) 

 
Parameter values 

20 25 30 

Ks  (mg/L) 5908.9   27042.6    23176.0 
vmax  (d-1)   0.220    0.512    0.622 

 
 
Conclusion. The heat generated from 

domestic garbage composting provided a good 
condition for moderate temperature sludge 
anaerobic digestion. 

Sludge dosing rates of 20%, 25%, and 30% 
were observed to study anaerobic digestion in the 
reactor. The results show that the SCOD, VFA, and 
pH value of the chamber tended to remain stable at 
the dosing rates of 20% and 25%, which indicate 
good operation. When the dosing rate was increased 
to 30%, the alkalinity in the sludge chamber 
decreased as VFA increased sharply, which shows a 
certain tendency toward acidification. The optimal 
operating point was the dosing rate of 25%. During 
normal operation, SCOD and VFA were 200 mg/L 
and 60 130 mg/L, respectively. Moreover, the 
removal rate of organic matter was 22.87%. Gas 
production and the COD of the effluent were 
41.80L/d and 363.18mg/L on average, respectively. 

 Monod dynamic models were built based 
on the result, and these models presented a 
significant correlation. 
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ABSTRACT 
 
Comet and Micronucleus assays have been used 

to assess DNA damage in Catla catla and Cirrhinus 
mrigala procured from polluted sites of river Chenab. 
Heavy metals Cd, Cu, Mn. Zn, Pb, Cr, Sn and Hg 
were analyzed from water samples. All 
physicochemical parameters and heavy metals were 
observed beyond the permissible limits defined by 
various international agencies. Comet assay exhibited 
significant (p<0.05) DNA damage in Catla catla as 
17.54±1.45, 12.05±1.55 and 11.25±1.01% DNA in 
the tail. Tail moment was 7.37±1.40, 4.70±0.76 and 
7.60±0.97, Olive moment was 6.88±0.91, 4.24±0.62 
and 5.79±0.59, respectively. Highly significant 
(p<0.01) damage was reported in Cirrhinus mrigala 
as 22.27±1.51%, 17.59±1.8% and 22.82±1.60% DNA 
in comet tail, tail moment was 13.20±1.60, 8.72±1.42 
and 11.54±1.62, olive moment as 9.66±0.91, 
7.15±0.80, 9.60±0.72 from selected polluted sites. 
Significant (p<0.05) differences were reported 
polluted and farmed fish. Micronucleus assay 
exhibited similar results for single and double 
micronucleus induction as 24.33±4.25, 2.44±0.66 in 
Catla catla and 45.22±3.80, 8.62±0.85/thousand cells, 
respectively in Cirrhinus mrigala. Nuclear 
abnormalities were found as 6.14±0.90 and 
09.44±1.80/thousand cells, respectively in both 
species. These findings infer that these novel fish 
DNA damage assays to detect genotoxicity, could be 
used as an expedient toxicity screening of aquatic 
environments. 
 
 
KEYWORDS: 
DNA fragmentation, Biomarker, Indian major carps, 
genotoxicity 
 
 
 
 

INTRODUCTION 
 
Industrial development, expansion of urban 

populations and increased coverage of industrial, 
domestic water supply and sewerage give rise to 
larger quantities of municipal wastewater. Disposal of 
toxic sewage wastes with large volume of water could 
reduce biological oxygen demand to the lethal level 
by removing entire oxygen from the water body. Few 
toxic chemicals are released into the different water 
bodies in developing countries e.g., compounds of 
Hg, Zn, Pb and Cu etc. causing death of aquatic 
organisms even at very low concentrations. This can 
cause metabolic activation giving rise to toxic 
metabolites in the nervous tissues. Among the various 
sources of noxious aquatic pollutants are the 
pesticides, insecticides, and trace metals [1]. These 
toxic compounds reach water bodies as residues and 
their effects may persist for years or even more. 
Rivers and streams receive pollutants from 
agricultural, sewage and industry drainage systems 
that are designed to flow into the rivers [2]. Pollution 
from sewage, industrial effluents and agrochemicals 
produce various effects depending on the nature of 
the toxicity of these compounds and quantity of 
wastes washed down [3]. 

Aquatic organisms have an extensive role as a 
bioindicator to examine freshwater ecosystems for 
pollution. Variations in genome induced by genotoxic 
contaminants can cause mutations. DNA damaging 
agents require continuous monitoring and detection 
[4]. There is an urgency to evolve the molecular basis 
those can spot the influence of environmental 
contaminants for various aquatic organisms. [5] 
mentioned that a micro-gel electrophoresis technique 
for detection of DNA damages in a single cell. [6] 
introduced same technique under alkaline pH >13 
conditions for detecting DNA damage in individual 
cell, comet assay. This assay presents advantages in 
comparison of other genotoxicity assays, having 
sensitivity for detecting low levels of DNA damage 
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and requirement of a small number of cells per 
sample  [7].  

The micronucleus (MN) test is another 
alternative promising and popular technique. This 
bioassay is a marker of cytogenetic damage induced 
by aneugenic or clastogenic compounds. 
Determination of cytogenetic changes considered as 
an important technique to monitor pollution threats if 
any to aquatic organisms [8]. Micronucleus bioassay 
was introduced for the application in mammals and 
now it was afterwards modified and applied in fish 
[9-10]. The objective of this research work was to use 
the comet assay and micronucleus tecchniques in 
Catla catla and Cirrhinus mrigala blood cells and to 
determine whether these assays are a dependable 
biomarker of DNA damages of water pollution in 
fishes from two different feeding niches.  
 
 
MATERIALS AND METHODS 
 

Fish were collected from the River Chenab in 
Pakistan, through its 190 km stretch of study area of 
Trimmu Head. The river Chenab in this stretch is 
polluted due to the discharge of untreated domestic 
and industrial waste into the River Chenab through 
the Chakbandi Drain at latitude 31.570º and longitude 
72.534º. Three sites viz. Wara Thatta Muhammad 
Shah (R1), Bela Reta (R2) and Bandimahni Beg (R3) 
were selected along the length of the River Chenab 
after receiving polluted water from Chakbandi Drain. 
Two sites Libhan Wala (U1) and Thali (U2) were 
selected as upstream sites before entering the drain 
into the River Chenab in Tehsil and District Jhang for 
comparison of wild fish  Dragnets and gill nets were 
used to catch the fish from the selected sites (R1, R2 
and R3) of the river, as well as upstream of this area. 
Farmed fish supplied to the consumer having 

toxicant free was designated as controls. The weight 
of the sampled fish was varied from 500-880 g.  
Seven fishes were collected from each sampling site. 
All the fish specimens were freshened out in running 

de-chlorinated tap water. Venous blood was collected 
from the caudal vein of each fish in heparin-coated 

 
Preparation of fish samples. All the fish 

specimens were collected and shifted in plastic bags 
in the research laboratory. Fish samples were 
prepared by following method described by [11]. The 
tissue samples were then washed with distilled water 
and then cut into small pieces with a knife. The 
muscle sample was oven dried at 65 °C weight and 

dried samples were powdered with a help of glass 
mortar, and stored in airtight plastic vials inside 
desiccators. 

 
Water analysis.  selected heavy metals 

analyzed were tin (Sb), chromium (Cr), lead (Pb), 
zinc (Zn), manganese (Mn), copper (Cu), cadmium 
(Cd) and mercury (Hg). The concentration of each 
metal was detected by using heavy metal kits and 
according to [12] APHA (1998), using a Hitachi 
polarized Zeeman Atomic Absorption 
Spectrophotometer AAS, 2000 series. The blanks and 
calibration standard solution were also analyzed in 
the same way as for the samples. The instrument 
calibration standards were set using a diluting 
standard (1000 ppm) supplied by Merck, Germany. A 
known 1000 mg/l concentration of all the above 
mentioned metal solutions was prepared from their 
salts. All reagents used were of analytical grade. The 
percent recoveries in all the cases were within the 
acceptable limits of 70% to 120%, as per regulatory 

 
 
Comet Assay. Immediately after blood 

diluted with phosphate buffered saline and stored in 
ice. The comet assay was performed on erythrocytes 
following the technique of [6] with slight 
modifications by [13]. Lysis: 1 h, at 4 °C, in a lysis 
buffer. DNA unwinding: 30 min, in the dark, in an 
electrophoresis buffer.  Electrophoresis: 20 min, 300 
mA, 25 V, and neutralization: three washes for 5 min 
each in buffer. Slides were fixed with absolute 
ethanol for 10 min and kept under refrigeration until 
cytological analyses. Slides were stained with 
ethidium bromide and analyzed under a fluorescent 
microscope. The length of DNA migration measured 
DNA damage, which was visually determined in 250 
randomly selected cells as 50 per slide for each fish. 
DNA damage was by Comet Score V5 and classified 
into five classes based on the Comet tail length and 
DNA damage . 

 
Micronucleus assay. Fresh blood was smeared 

on the slides, which were then air-dried before being 
fixed in cold Corney fixative for 5 min. After fixing, 
the slides were stained in aqueous 10% Giemsa for 30 
minutes. Five fishes were analyzed for a total of 
25,000 erythrocytes/fish sample. The frequencies of 
micronuclei in the erythrocytes were detected using a 
binocular microscope under T1200x magnification. 
Erythrocytes with intact cellular and nuclear 
membranes were scored using the same criteria
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TABLE 1 
Comparison of means of heavy metals selected chemical quality variables in the  

River Chenab (Means ± SE). 
 

Sites 
 

Cd mgL-1 Cu mgL-1 Mn mgL-1 Zn mgL-1 

R1 0.137 ± 0.013C 0.905 ± 0.215E 01.57 ± 0.160C 00.217 ± 0.037E 
R2 0.136 ± 0.015C 0.865 ± 0.214EF 01.55 ± 0.136C 00.209 ± 0.035F 
R3 0.132 ± 0.012CD 0.820 ± 0.205F 01.39 ± 0.139D 00.206 ± 0.035F 
 Pb mgL-1 Cr mgL-1 Sn mgL-1 Hg mgL-1 
R1 1.602 ± 0.155C 0.351 ± 0.053D 0.307 ± 0.039D 0.993 ± 0.033BC 
R2 1.350 ± 0.122D 0.291 ± 0.042E 0.275 ± 0.032DE 1.015 ± 0.018BC 
R3 1.294 ± 0.123D 0.248 ± 0.033F 0.263 ± 0.032E 0.895 ± 0.014CD 
 Phenols mgL-1 Sulfates mgL-1 BOD mgL-1 COD mgL-1 
R1 01.65 ± 0.147E 266.81 ± 47.230D 71.66 ± 2.35F 148.45 ± 14.62F 
R2 01.45 ± 0.123F 252.38 ± 48.276E 62.76 ± 1.86G 136.05 ± 12.42G 
R3 01.35 ± 0.137G 247.05 ± 46.681E 51.89 ± 1.45H 125.09 ± 14.75G 
 pH TDS mgL-1 Salinity mgL-1 Conductivity mS/m 
R1 10.32 ± 0.055CD 1595.714 ± 222.64E 1394.44 ± 155.21E 02.31 ± 0.341E 
R2 10.14 ± 0.021D 1478.32 ± 222.22F 1252.05 ± 148.20F 02.17 ± 0.272F 
R3 10.02 ± 0.046E 1216.47 ± 235.55G 923.55 ± 135.11G 01.72 ± 0.322G 
Means sharing the same letter in a row or in a column are statistically non-significant (P>0.05). R1-3; polluted 

experimental sites in the river, BOD; Biochemical Oxygen demand, COD; Chemical Oxygen demand . 
 

as in previous studies [14-15]. Nuclear abnormalities 
(NAs) in the erythrocytes were scored by following 
[16-17] . 

 
Statistical analysis. A mean, standard error and 

analyses of variance (ANOVA) was worked out 
through SPSS 9 for PC. The means were compared by 

values of p<0.05 were considered significant. TriTek 
Comet ScoreTM Freeware 1.6.1.13 software for image 
analysis by Tritek Corporation (2010) was used for 
DNA damage analysis. 
 
 
 

RESULTS AND DISCUSSION 
 
Water quality parameters analyzed showed an 

acute level of pollution load in the River Chenab 
(Table 1). The level of Cadmium, Copper, 
Manganese, Zinc, Lead, Chromium, Tin and mercury 
in the water samples collected in summer from 
different sampling sites of River Chenab were ranged 
as 0.132±0.012- 0.137±0.013, 0.820±0.20-0.905±0.21 
,1.39±0.139-1.57±0.160, 0.206-±0.035, 0.217±0.037, 
1.294±0.123-1.602±0.155-,0.248±0.033-0.351±0.053, 
0.263±0.032-0.307±0.039, 0.895±0.014-1.015±0.018 
mg/L, respectively. Higher values of heavy metals 
were observed in winter that might be due to no 
dilution of river water in winter as in winter only 

 

FIGURE 1 
DNA damage (%) in C. catla and C. mrigala, type and site interactions. 
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TABLE 2 
Comet assay for C. catla and Species, site and type interactions 

Species and site interaction (means ±SE). 
 

Sites Comet Assay Components 

Head Diameter (px) Tail Length (px) DNA in Tail % Tail Moment Olive moment 

R1 112.61 ± 3.65 26.85 ± 2.75 11.25 ± 1.01 7.37 ± 1.40 6.88 ± 0.91 

R2 94.62 ± 2.80 17.55 ± 1.51 12.05 ± 1.55 4.70 ± 0.76 4.24 ± 0.62 

R3 83.55 ± 2.65 26.52 ± 2.22 17.54 ± 1.45 7.60 ± 0.97 5.79 ± 0.59 

Mean 96.92 ± 3.03A 23.64 ± 1.70B 13.61 ± 1.08B 6.55 ± 1.04B 5.63 ± 0.69B 

Species and type interaction (means ±SE) 
Control +ve 98.77 ± 3.55bc 27.22 ± 2.66bc 14.44 ± 1.52cd 7.33 ± 1.32bc 6.75 ± 0.78bc 
Farmed 67.62 ± 2.22fg 4.35 ± 0.66e 5.57 ± 0.82e 0.56 ± 0.17d 1.22 ± 0.23d 
Polluted 83.22 ± 3.25de 27.68 ± 2.22bc 22.77 ± 1.81b 9.55 ± 1.24bc 6.24 ± 0.66bc 
Upstream 137.44 ± 4.21a 34.55 ± 3.25ab 11.90 ± 1.75d 8.76 ± 1.71bc 7.66 ± 1.25bc 
Species, site and type interaction (means ±SE) 
R1 . +ve 118.55 ± 566cde 32.52 ± 5.44c-i 11.42 ± 1,75d-j 7.22 ± 2.31d-h 6.12 ± 1.280c-h 
R1 . F 77.52 ± 3.92h-l 5.42 ± 1.66lmn 4.88 ± 1.28hij 0.42 ± 0.19h 0.98 ± 0.32gh 
R1 . P 103.54 ± 8.52d-h 31.55 ± 5.44c-i 18.51 ± 2.54d-g 11.21 ± 2.55b-h 9.12 ± 1.77b-e 
R1 . U 158.62 ± 7.22a 38.12 ± 7.51b-h 14.75 ± 2.49d-j 14.22 ± 3.98a-g 12.62 ± 2.88abc 
R2 . +ve 71.82 ± 3.44j-m 24.77 ± 3.60e-l 21.28 ± 3.65cde 10.76 ± 2.50b-h 8.92 ± 1.62b-f 
R2 . F 73.35 ± 2.77i-m 3.42 ± 0.868mn 4.22 ± 1.35j 0.62 ± 0.223h 0.97 ± 0.25gh 
R2 . P 86.55 ± 4.55f-k 19.32 ± 2.28g-n 12.60 ± 2.19d-j 4.22 ± 0.82gh 4.18 ± 0.81e-h 
R2 . U 143.82 ± 7.22abc 19.77 ± 3.21g-n 12.52 ± 4.22d-j 4.28 ± 1.22fgh 3.66 ± 0.52e-h 
R3 . +ve 112.92 ± 6.77def 23.66 ± 2.80e-m 15.40 ± 1.75d-j 6.08 ± 1.62d-h 6.80 ± 1.22c-h 
R3 . F 58.27 ± 1.71lmn 3.55 ± 0.66mn 6.57 ± 1.51g-j 0.78 ± 0.18h 2.28 ± 0.41gh 
R3 . P 59.74 ± 3.55lmn 33.41 ± 2.56c-i 37.11 ± 4.16a 15.62 ± 1.99a-e 7.75 ± 0.64c-g 
R3 . U 104.52 ± 4.66d-g 46.82 ± 5.77a-d 14.33 ± 2.44d-j 11.45 ± 2.70b-h 8.25 ± 1.72b-f 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent 
comparison among interaction means and capital letters are used for overall mean. S1-3; polluted Experimental sites 
in the River, Fish Types (F; farmed, P; polluted, U; upstream, +ve; positive control) . 
 
drain water flow through the length of the river. 
Water dilution only happened in summer due to the 
rains and the water from the glaciers. However, 

concentrations of these metals were recorded 
substantially higher than the [18] permissible limits  
 

 

 
FIGURE 2 

Comparative analyses of comet assay of blood from C. catla collected from different environments. 
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(Pb 0.0025, Cd 0.02, Cr 0.011, Zn 0.12 and Cu 0.009) 
and were more than enough to put adverse effects on 
the fish health.  In this study water quality variables 
were observed faraway ahead the permissible limits 
(Table 1) and significant (p<0.05). summer due to the 
rains and the water from the glaciers. However, 
concentrations of the studied metals were recorded 
substantially higher than the [18] permissible limits 
(Pb 0.0025, Cd 0.02, Cr 0.011, Zn 0.12 and Cu 0.009) 

and were more than enough to put adverse effects on 
the fish health.   

DNA damage in Cirrhinus mrigala was higher 
in polluted sites of the river (Figure 1). In Comet 
assay head diameter in Catla catla exhibited 
significant differences for sites R1, R2 and R3 and 
upstream indicating the damage but there was non-
significant difference in fish procured from control 
and upstream.  

 
 

TABLE 3 
Comet assay results for C. mrigala and Species, site and type interactions 

Species and site interaction (means ±SE). 
 

Sites Comet Assay Components 

Head Diameter (px) Tail Length (px) DNA in Tail % Tail Moment Olive moment 

Site 1 90.88 ± 4.24 32.42 ± 2.66 22.27 ± 1.51 13.20 ± 1.60 09.66 ± 0.91 

Site 2 78.32 ± 3.70 23.41 ± 2.70 17.59 ± 1.38 08.72 ± 1.42 07.15 ± 0.80 

Site 3 91.87 ± 3.44 31.75 ± 2.27 22.82 ± 1.60 11.54 ± 1.62 09.60 ± 0.72 

Mean 87.02 ± 2.791B 29.13 ± 2.104A 20.89 ± 1.05A 11.15 ± 1.14A 08.80 ± 0.52A 

Species and type interaction (means ±SE) 

Control +ve 109.70 ± 5.224b 36.52 ± 360 17.66 ± 1.53bcd 09.72 ± 1.46bc 07.92 ± 0.87bc 

Farmed 52.31 ± 1.07h 02.20 ± 0.38e 05.45 ± 0.93e 00.57 ± 0.20d 01.22 ± 0.31d 

Polluted 88.33 ± 3.08cd 41.41 ± 3.14a 37.01 ± 1.43a 19.19 ± 2.03a 13.68 ± 1.00a 

Upstream 94.37 ± 4.05cd 33.79 ± 3.06ab 19.00 ± 1.52bc 10.86 ± 1.45b 09.32 ± 0.75b 

Species, site and type interaction (means ±SE) 

R1 . +ve 148.62 ± 11.65ab 65.74 ± 6.24a 30.47 ± 2.85abc 23.12 ± 3.52a 16.40 ± 1.95a 

R1 . F 51.86 ± 1.65lmn 01.32 ± 0.34n 03.81 ± 0.64j 00.12 ± 0.04h 00.65 ± 0.13h 

R1 . P 104.02 ± 4.66def 50.34 ± 5.71abc 37.29 ± 2.51a 23.48 ± 3.90a 16.22 ± 2.04a 

R1 . U 55.94 ± 4.35lmn 09.02 ± 1.75j-n 13.20 ± 2.18d-j 01.92 ± 0.39h 02.06 ± 0.38fgh 

R2 . +ve 37.42 ± 2.84n 06.36 ± 1.23k-n 15.58 ± 2.55d-j 01.97 ± 0.59h 02.63 ± 0.44e-h 

R2 . F 52.76 ± 2.06lmn 01.62 ± 0.44n 04.35 ± 1.08ij 00.28 ± 0.10h 00.79 ± 0.19gh 

R2 . P 89.44 ± 6.53f-j 43.42 ± 6.61b-e 34.96 ± 2.53a 19.78 ± 4.26ah 13.83 ± 1.96ab 

R2 . U 129.10 ± 7.22bcd 37.78 ± 5.83b-g 10.73 ± 1.80d-j 08.55 ± 2.34c-h 07.12 ± 1.42c-g 

R3 . +ve 141.72 ± 4.76abc 35.12 ± 6.27b-h 06.93 ± 0.99f-j 04.06 ± 1.06e-h 04.72 ± 0.87d-h 

R3 . F 52.32 ± 1.87lmn 03.66 ± 0.98lmn 08.19 ± 2.48e-j 01.31 ± 0.57h 02.23 ± 0.88fgh 

R3 . P 71.54 ± 3.39i-m 30.48 ± 3.13c-i 38.80 ± 2.42a 14.30 ± 1.82a-f 10.99 ± 0.90a-d 

R3 . U 98.08 ± 4.84e-i 54.56 ± 5.19ab 33.06 ± 2.66ab 22.12 ± 3.02a 17.22 ± 1.80a 

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters 
represent comparison among interaction means and capital letters are used for overall mean. S1-3; polluted 
Experimental sites in the River, Fish Types (F; farmed, P; polluted, U; upstream, +ve; positive control  
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FIGURE 3 
Comparative analyses of comet assay of blood from C. mrigala collected from different environments. 

 
Significant differences in tail length were observed 
among C. catla collected from farmed, polluted and 
upstream sites except site R2.  We observed 
significant differences for DNA in tail in fishes from 
site R1, farmed and polluted.  Non-significant 
difference was observed in C. catla procured from 
commercial farm and upstream (Figure 2). Significant 
differences were noted for +ve control and all other 
types from site R2. Fish collected from the sampling 
site R3 exhibited significant differences for polluted 
and upstream, but differences remained non-
significant among farmed and upstream as 
5.57±0.63% and 14.44±1.52% (Table 2). Significant 
differences for tail moment in C. catla was noted only 
in fish collected from polluted and upstream sites.  
There was non-significant difference for tail moment 

in C. catla procured from farm and upstream. In case 
head diameter in C. mrigala blood collected from site 
R1 showed significant (p<0.05) differences (Figure 
3). Similar results were noted for comet tail in comet 
assay in C. mrigala (Table 3). 

Significant differences (p<0.05) were recoded 
for percentage DNA damage in tail of C. mrigala 
collected from fish farm and polluted site also fish 
procured from polluted and upstream sites.  Non-
significant differences were recorded in fish collected 
from control and upstream. Fish collected from fish 
farm and upstream exhibited non-significant (p>0.05) 
differences in pollution load. Significant differences 
exhibited in fishes collected from site R2 but 
differences remained non-significant between farmed  

 
 
 

TABLE 4 
Correlation matrix for comet assay results of Blood from C. mrigala. 

 
Catla catla  Cirrhinus mrigala 

T. DNA Type H. dia T. length T. mome T.DNA. Type H. dia T. length T. mome 

Type 0.141      0.285     

 0.683     0.351     

H. dia -0.128 0.428    0.279 -0.027    

 0.688 0.171    0.377 0.954    

T. length 0.571* 0.388 0.491   0.742** 0.181 0.840**   

 0.060 0.214 0.116   0.008 0.590 0.002   

T. mome 0.822** 0.328 0.237 0.872**  0.911** 0.270 0.581* 0.927**  

 0.001 0.309 0.471 0.000  0.000 0.410 0.060 0.000  

O. mome 0.575* 0.265 0.490 0.875** 0.908** 0.905** 0.255 0.607* 0.940** 0.996** 



© by PSP  Volume 25  No. 7/2016, pages 2500-2508  Fresenius Environmental Bulletin  

2506 

 

 0.052 0.414 0.109 0.000 0.000 0.000 0.431 0.040 0.000 0.000 

coefficient; Lower values indicated level of significance at 5% 
probability. * = Significant (P<0.05); ** = Highly significant (P<0.01) T.DNA % length, T. moment; Tail moment, 
O. mome; Olive moment . 

 
 

and upstream. Significant differences were recorded 
among the fishes collected from control, polluted and 
upstream and R3 site. DNA damage was maximum in 
the fish obtained from site R3, closely followed by R1 
and R2. Differences were significant for tail moment 
in C. mrigala procured from polluted and upstream.  
Non-significant (p>0.05) differences for site R2, +ve 
control, farmed, polluted and upstream. Significant 
differences (p<0.05) for olive moment in fishes 
collected from site R1, fish farm and polluted sites. C. 
mrigala tail length exhibited highly significant 
correlation to DNA in tail and head diameter (Table 
4). C. mrigala exhibited significant differences 
(p<0.05) for site R2 and fish farm and between 
control and upstream. The differences were 
significant in control, R3 and polluted site. 

Highest frequency for micronucleus induction 
and nuclear abnormalities were observed in fishes 
procured from the polluted sites of the river Chenab 

(Table 5). C. catla exhibited lower frequencies of 
micronucleus induction compared to C. mrigala 
collected from the polluted sites. A considerable 
amount of changes in the frequency of micronucleus 
induction in C. mrigala even from the less polluted 
site (upstream of Chakbandi drain). Probably it is 
because of the reason that that C. mrigala is bottom 
feeder and have possibility of maximum exposure and 
pollution load from sediments. Negligible amount of 
this type of DNA damage was observed in the fish 
obtained from a controlled farm.  

Various pollutants present in the freshwater 
ecosystem cause genetic changes leading to somber 
mutations [19]. This study was undertaken to 
determine the effect of pollutants on Catla catla and 
C. mrigala to assess changes in their genetic 
makeup and to use this DNA fragmentation as a 
biomarker of water pollution. It may serve as an early 

 
TABLE 5 

Analysis of variance and Micronucleus test of C. catla and C. mrigala blood  
Species and site interaction (Means ±SE). 

 
Source of variation Degrees of F-value for F-value for MNd F-value for NAs 

Species 2 11.95** 3.81* 4.72* 
Type 3 61.76** 15.22** 23.31** 

Species × Type 6 3.11* 3.01 * 3.55* 

Fish Type 
Micronucleus assay (Catla catla) 

Single Micronucleus Double Micronucleus Nuclear Abnormalities 

Polluted 24.33 ± 4.25bc 02.92 ± 1.24b 06.14 ± 0.90cd 
Upstream 08.22 ± 1.26cd 01.58 ± 0.82b 03.42 ± 0.42d 

Control (Farmed) 02.44 ± 0.66d 00.15 ± 0.00b 01.12 ± 0.36d 

+ve. Control 44.72 ± 5.42a 09.22 ± 3.52ab 18.52 ± 2.60a 

Mean 19.93 ± 4.330B 03.46 ± 1.23B 07.30 ± 1.71B 

Fish Type 
Micronucleus assay (Cirrhinus mrigala) 

Single Micronucleus Double Micronucleus Nuclear Abnormalities 

Polluted 45.22 ± 3.80a 06.72 ± 0.85ab 09.44 ± 1.80a-d 
Upstream 21.71 ± 4.45bcd 05.42 ± 1.62b 10.33 ± 1.17a-d 

Control (Farmed) 08.62 ± 2.35cd 01.48 ± 0.41b 07.44 ± 1.90bcd 

+ve. Control 38.52 ± 3.82ab 08.87 ± 2.55ab 16.33 ± 2.51ab 

Mean 28.52 ± 3.74A 05.62 ± 1.16AB 10.88 ± 1.32A 

* = Significant (P<0.05); ** = highly significant (P<0.01), MNs; Micronucleus single, MNd; Micronucleus double, 
NAs; Nuclear abnormalities. Means sharing similar letter in a row or in a column are statistically non-significant 
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(P>0.05). Small letters represent comparison among interaction means and capital letters are used for overall mean. 
Frequency calculated per thousand of cells . 
 
 
warning and freshwater ecosystem. Our results were 
in line with those reported by [20] as they already 
suggested to use such DNA fragmentation in fish as a 
fish biomarkers caused by water pollution. [20, 22] 
reported increase in the frequency of micronucleus 
induction and nuclear abnormalities in erythrocytes of 
fish collected from contaminated environments.  

In this study the increase in the levels of 
genotoxic damage in C. catla and C. mrigala from 
polluted sites compared to the fish procured from a 
maintained fish farm. These findings were 
corroborating with the findings from comet assay data 
on C. catla and C. mrigala reported by [23]. 
Significant correlation was noted among the MN 
frequencies, nuclear abnormalities and DNA damage 
in this study by comet assay. These results were in 
line with the previous study in which fish exposed to 
cyclophosphamide, cypermethrin, and textile mill 
effluent produced [23].  [24] mentioned that gill cells 
are more sensitive for genotoxic effect compared to 
kidney and liver in Oreochromis mossambicus.  The 
possibility to use kidney, liver or other such tissues 
for genotoxicity monitoring have various limitations, 
such as a low mitotic index of cells. , the 
use of connective tissues such as blood erythrocytes is 
more advantageous in genotoxic studies [15]. Many 
authors mentioned that NAs may be caused as a result 
to exposure to genotoxic chemicals [14]. In this 
significant DNA damage was observed in C. mrigala 
procured from the polluted sites of the River Chenab 
and even from the less polluted sites of the river 
upstream to the entrance of the drain into the river. 
Water quality parameters were exceeding the 
permissible limits defined by various international 
organizations indicating higher intensity of the water 
pollution in river Chenab. [13] reported higher 
erythrocyte MN and NAs induction frequencies in 
Pholis gunellus obtained from highly polluted sites 
compared to the clean areas. The results previously 
reported by multiple authors were substantiated that 
the genotoxicity of a bottom feeder fish C. mrigala is 
more vulnerable to the toxicants from sediments to 
the surface feeder fish C. catla. These findings 
indicated that DNA damage could be successfully 
used as a biomarker of water pollution to use it as an 
early warning for the monitoring of freshwater 
ecosystems in the country.   

 
 
 
 
 

CONCLUSION 
 

Water of the River Chenab was found highly 
polluted by genotoxicants. The study exposed that 
bottom dwelling species could be used as a 
bioindicator of particular aquatic environment, hence 
the DNA fragmentation as a biomarker of pollution as 
revealed by the Cirrhinus mrigala for early warning 
and monitoring of the freshwater bodies. 
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ABSTRACT  
 

The effect of afforestation on soil properties is 
among the most important and immeasurable 
commercial outputs in plantation forestry. This 
study was carried out to determine the effect of 
afforestation on soil properties (i.e. organic matter, 
phosphorous, nitrogen, clay, dust, field capacity, 
wilting point, electrical conductivity and moisture 
capacity and pH, sand, lime and volume weight 
values) based on afforested and unafforested areas 
sampled from the western part of Turkey via 
collected soil samples at two depths (0-30 cm and 
30-60 cm). Organic matter, phosphorous, nitrogen, 
clay, dust, field capacity, wilting point and 
available water capacity were higher in afforested 
areas, while the opposite was true for pH, sand, 
lime and volume weight values. Soil depth 
generally showed differences ( ) for the 
studied soil properties between areas and within 
areas according to the results of analysis of 
variance. 

 
 

KEYWORDS:  
Forest soil, organic matter, plantation, soil quality, soil 
depth   
 
 
INTRODUCTION  
 

Depending on the conditions of the world, 
people use the ecosystem in which they live, and 
are a part of, to excessively change it for their own 
benefit. As a result, changes in the ecosystem reveal 
irremediable ecological problems; these problems 
influence us as individuals and as a society. One of 
the greatest damages caused by people is erosion; 
soil which is formed over quite a long time can be 
transferred in a very short time due to erosion.  

The most important measure in preventing 
erosion is forestation studies. In this sense, various 
special forestation studies, basically erosion 
control, arid and semi-arid area forestation and 
dune forestation, gained speed at the end of the 19th 
century. The aim in conducting forestation studies 
in areas which suffer from erosion is to compensate 

water which has become unbalanced, prevent and 

decrease erosion siltation damage and provide 
livelihoods for people of the region in the future. 

A strong link exists between forestry practices 
such as afforestation and soil properties. 
Afforestation plays an important role in conversion 
of unproductive forests to productive forests and 
also improving soil properties for present and future 
productivity of forests. Afforestation also offers a 
more economical and environmentally sound 
solution to increase soil quality than the use of 
chemical nutrients. Also, soil properties have main 
effects on successful afforestation. It is thus 
important to examine the effect of afforestation on 
soil properties. However, while many studies have 
been conducted on soil properties for different 
purposes 1-9 , examination of the effect of 
afforestation on soil properties or their interaction is 
very limited 10-14 .  

This study was conducted to examine the 
effect of afforestation on soil properties to discuss 
and draw conclusions regarding future afforestation 
and other forestry practices. 
 
 
MATERIAL AND METHODS 
 

The study was carried out in a natural forest 
area located at latitude , longitude 29
E, with an average elevation of 1620 m. at 107 ha 
in the Kutahya district of western Turkey in 2013. 

Annual rainfall and the range of temperatures 
are 561.8 mm and -27.4°C to +36.8°C. The natural 
forests of the region have Pinus nigra Arnold., 
Juniperus spp. Bieb., Quercus spp., Pinus brutia 
Ten., Cedrus libani A. Rich., Alnus glutinosa L., 
Castanea sativa Mill., Populus spp. and Abies spp.  

The study area was divided into two areas 
(afforested and unafforested) at the same aspect and 
altitude to minimize the other environmental 
effects. The afforested area was planted by 2+1-
year-old Anatolian black pine (Pinus nigra Arnold.) 
seedlings at spacing 2x1 m in 2000 and then re-
planted with broadleaves in 2002-2003. Twenty soil 
materials were sampled from 10 soil profiles in 
each area, and one sample of each soil depth (0-30 
cm and 30-60 cm) was taken. Forty soil samples 
were analysed after pretreatments such as cleaning 
from different materials, drying and sieving on the 
samples for texture (sand, clay and dust), organic 
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material, pH, lime, nitrogen, phosphorus, electrical 
conductivity (EC), field capacity, wilting point, 
volume weight and available water capacity 
analysis.  

 
Texture (sand, clay and dust) analysis. Soil 

samples were analyzed by  hydrometer 
15 .  

 
pH. pH was measured using a 1/2.5 soil 

sample and pure water ratio by Beckman H5 
Electrode pH meter 16-18 . 

 
Organic material. The amount of organic 

material was determined by Walkey-Black methods 
using 5 g soil samples 16-17, 19 . 

 
Total nitrogen and phosphorus. Total 

nitrogen and phosphorus were determined by the 
Sömi- 16, 19  and Olsen 
method by "Spectronic-20 D" 16 , respectively. 

 
Electrical conductivity/total lime (CaCO3). 

EC, also called salinity, 
using saturated water by a conductivity bridge 
apparatus 16, 20 , while total lime was determined 
by the Scheibler Kalsimeter method 21 . 

 
Field capacity and wilting point. These were 

determined by saturated water at 0.33 bar pressure 
for field capacity and 15 bar pressure and then at 
Owen at 24 hours 22 . 

 
Available water capacity. This was 

determined by soil moisture equipment using the 
difference between field capacity and wilting point 
23 . 

 
Volume weight. This was determined on soil 

samples taken by the cylinder method at 
during 24 hours 17, 24 .   

The data were analyzed using the SPSS 
statistical program 25 . Also, soil depths and areas 
were compared by analysis of variance (ANOVA) 
for characteristics. 
 
 
 

RESULTS AND DISCUSSION 
 

Soil texture. Averages of clay and dust were 
higher in the afforested area than in the 
unafforested area, while the opposite was true for 
sand (Table 1). Higher clay in the afforestation area 
was an expected result because of soil maintenance 
by plantations and soil treatments. Similar results 
were also reported in early studies 10, 11 . 
Different soil treatments have been applied in 
plantations to improve soil properties, as 
emphasized in earlier studies 26-29 .   

The surface of soil (0-30 cm) had more clay 
and dust than deep soil (30-60 cm) in both areas, 
except for sand (Table 1). These results were 
consistent with 10, 30 . Results of the ANOVA 
showed significant (p<0.05) differences in both 
area and depth for sand and clay. However, they 
were similar for dust according to the ANOVA. 
Similar results were reported in the Robinia 
pseudoacacia plantation 10 . 

 
Organic material. Organic material was 

higher in both soil depths of the afforested area 
(5.24% and 3.89%) than in the unafforested area 
(2.93% and 1.61%). The soil surface had more 
organic material than the deep soil (30-60 cm). 
Also, organic materials generally were kept at the 
surface of the soil, as emphasized in my studies 12, 
31 .  

Significant differences (p<0.05) were found 
for organic material between both areas and depths. 
This also was reported in early studies i.e. 11, 32 . 
 

Total nitrogen and phosphorus. Averages of 
total nitrogen and phosphorus are provided for the 
area and soil depth in Table 2. Significant 
differences (p<0.05) were found for total nitrogen 
and phosphorus between both area and depth. As 
expected, the afforested area and soil surface 
contained higher nitrogen and phosphorus than the 
unafforested area and deep soil (Table 2). In 
addition, results of the ANOVA showed significant 
(p<0.05) differences in both area and depth for total 
nitrogen and phosphorus, as reported by 11 . 
Similar results were also reported for phosphorus 
33  and nitrogen 34  for soil depth.  

 
 
 

TABLE 1 
Averages of clay, sand and dust (%) for the areas and soil depths. 

 
 Clay % Sand% Dust% 
 afforested unafforested afforested unafforested afforested unafforested 

0-30 cm 36.44 27.89 53.48 62.66 17.41 16.32 
30-60 cm 24.15 19.34 62.93 71.43 15.53 11.83 
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TABLE 2 
Averages of total nitrogen and phosphorus (%) for the areas and soil depths. 

 
 Nitrogen% Phosphorus% 
 afforested unafforested afforested unafforested 

0-30 cm 0.25 0.13 3.12 1.66 
30-60 cm 0.13 0.09 1.50 0.86 

 
Electrical conductivity and total lime. The 

averages of EC, a term used to describe a 
measurement unit of salinity, were 47.35 and 50.21 
in the soil surface (0-30 cm) of afforested and 
unafforested areas, while they were 47.33 and 60.12 
in deep soil (30-60 cm) (Table 3). As seen in Table 
3, total lime was also higher in the unafforested 
area and deep soil. However, areas and soil depths 
showed similar (0.05<p) performance for similar 
salinity and total lime; total lime changed for soil 
depth 11 .   

 
Field capacity, wilting point and available 

water capacity. Afforestation had positive effects 
on field capacity, wilting point, and available water 
capacity (Table 4), as also reported by 3, 10 . The 
effects were also higher in surface soil than in deep 
soil (Table 3). Also, the difference in results was 
also supported by the results of ANOVA (p<0.05). 
However, many factors were associated with field 
capacity, wilting point and available water capacity 
5, 35, 36 .   

 
Volume weight. Volume weights were 0.72 

g/cm3 and 0.82 g/cm3 at the soil surface of 
afforested and unafforested areas, while they were 
0.76 g/cm3 and 0.92 g/cm3 at deep soil (30-60 cm). 
Also, significant differences (p<0.05) were found 
for volume weights between both area and depth, as 
reported by 3, 37, 38 .  

 
 

CONCLUSIONS 
 

Results of the study showed that afforestation 
has positive effects in improving soil properties. 
However, changes in soil properties take long 
periods of time. Thus, it is necessary to collect 
more data to draw accurate conclusions. One can 
argue that afforestation should be used to improve 
soil properties, especially in unproductive areas, 
based on the primary results of the study. Many 
environmental factors, such as aspect, altitude, 
forest tree species, and plantation density on soil 
properties, can also contribute and should be 
investigated for different regions. 
 
 
ACKNOWLEDGMENTS 
 

This study was a part of an M.Sc. thesis, 
prepared under the supervision of Dr. Nilufer 
Yazici. The authors thank Professor Nebi Bilir for 
his valuable comments, which helped to improve 
the manuscript; we also thank the Research 
Department of Suleyman Demirel University for 
financial support (project no: 3544-YL1-13).  

 

 
TABLE 3 

Averages of electrical conductivity and total lime (%) for the areas and soil depths. 
 

 Electrical conductivity Total lime % 
 afforested unafforested afforested unafforested 

0-30 cm 47.35 50.21 1.5 2.2 
30-60 cm 47.33 60.12 1.2 1.5 

 
TABLE 4 

Averages of field capacity, wilting point and available water capacity (%) for the areas and soil depths. 
 

 Field capacity%  Wilting point% Available water capacity% 
 afforested unafforested afforested unafforested afforested unafforested 

0-30 cm 47.33 37.73 29.20 19.95 18.13 17.78 
30-60 cm 34.35 27.48 17.82 16.08 16.53 11.40 
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ABSTRACT 
 

Technologies for phosphate removal from 
contaminated waters, such as chemical precipitation 
with lime, are expensive. In this study the feasibility 
of utilizing low-cost activated maize tassel for the 
adsorptive removal of phosphate was assessed.  Raw 
maize tassel powder was impregnated with H3PO4 
and activated at 600°C under an inert atmosphere of 
N2 in the ratios 0.5:1, 1:1, 1.5:1, 2:1 and 2.5:1 (w/w 
H3PO4: tassel). The activated products were 
characterized by BET. Activation resulted in an 
increase in specific surface area and porosity. CAT 4 
(2:1) with SBET 803.8 m2/g and pore size 2.22 nm was 
further characterized by SEM and used for adsorption 
studies. Batch experiments were performed to study 
the removal of phosphate from simulated samples; the 
optimal parameters were found to be: contact time of 
90 min, pH 7 and adsorbent dosage of 1.5 g per 100 
mL solution.  The adsorption data were fitted to the 
Langmuir isotherm model (R2 > 0.99), yielding an 
estimated adsorption capacity of 15.31 mg PO4

3- (as 
P) per g adsorbent. The activated product was 
successfully applied for the remediation of phosphate 
in selected sewage samples.     
 
 
KEYWORDS: 
Maize tassel, H3PO4 activation, eutrophication, phosphate 
removal.  
 
 
INTRODUCTION 
 

The increase in agricultural and industrial 
activities in developing countries has led to the use of 
phosphorus as an essential resource and material. 
However, elevated levels of phosphates in surface and 
underground water from industrial and agricultural 
activities stimulate the growth of micro and macro 
organisms in water bodies, leading to eutrophication 
[1]. Hence, the total phosphate (as P) concentration in 

ipal and industrial sources 
should be reduced to 1.0 mg/L or less in order to meet 
environmental requirements [2]. Various methods are 
available for phosphate removal including chemical 
precipitation, microbiological treatment and 
adsorption. Chemical precipitation uses lime, alum or 
ferric chloride as the common precipitants for 
efficient phosphate removal. However, problems such 
as the cost of the process and production of large 
amounts of sludge during the treatment of the 
wastewater arise [1]. As an alternative option, 
adsorption technology for removal of phosphate from 
aqueous solutions using cheap, easily available 
materials such as red mud [3], modified wheat residue 
[4] and fly ash [5] have been reported. Adsorption 
processes have merits; such as low-cost, fast 
operation and favourable performance, and have 
drawn considerable attention in recent years.  

Maize tassel is the male part of the maize plant 
which is usually discarded after harvesting. It is a 
lignocellulosic material possessing several desirable 
characteristics for an adsorbent; a low cost material, 
mesoporous with a high adsorption capacity for trace 
metal ions [6] and organics [7]. In order to enhance 
phosphate adsorption we attempted to activate maize 
tassel with phosphoric acid and use it to remove 
phosphate from simulated aqueous solutions as well 
as real environmental samples in batch experiments.   
 
 
MATERIALS AND METHODS  

 
Preparation of raw and activated maize tassel 

adsorbents.  Maize tassel was plucked off the woody 
parts of the maize plant, thoroughly washed with 0.01 
M HCl followed by distilled water to remove dust and 
other impurities from their surfaces and then air-dried 
at room temperature. The material was milled using 
Laboratory Mill 3 100 (Stockholm, Sweden). Varying 
amounts of H3PO4 (85% w/w) from Sigma (Pretoria, 
South Africa) were added as an activating agent to 20 
g portions of raw maize tassel powder to produce 
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materials with 0.5:, 1:1, 1.5:1, 2:1 and 2.5:1 (w/w 
H3PO4: tassel) impregnation ratios. The impregnated 
materials were dried at 110 °C for 12 h and then 
activated at 600 °C under an inert atmosphere of 
nitrogen at a flow rate of 200 cm3/min. After cooling, 
any residual H3PO4 was removed by washing with hot 
deionised water until the pH of the washings 
increased to ca 6. The activated materials were dried 
at 110 °C for 4 h, cooled and coded as CAT1, CAT2, 
CAT3, CAT4 and CAT5, respectively.  

 
Characterization of the adsorbents.  The 

prepared adsorbents were characterized to obtain 
some of their physicochemical properties. The BET 
surface area (SBET) and pore structural parameters 
were determined from the adsorption-desorption 
isotherms of nitrogen at 77 K (-196 °C) using a 
Micrometrics (TriStar 3000) Surface Area and 
Porosity Analyzer. The surface morphologies were 
studied using a JEOL-7500 Field Emission Scanning 
Electron Microscope (CSIR, Pretoria) at an 
accelerating voltage of 2 kV.  

 
Adsorption studies.  Batch adsorption studies 

were performed to study the effects of some of the 
experimental parameters known to influence the 
efficiency and rate of adsorption from aqueous 
solution. To study the effect of contact time, 1 g 
portions of adsorbent were added to 100 mL of 80 mg 
L-1 PO4

3- solution in ten (10) 250 mL flasks. The 
mixtures were agitated using a thermostatic Labcon 
platform shaker (Labotech, Johannesburg) at 120 rpm 
for 60 min at 25 oC. A flask was removed after 10, 
20, 30, 40, 60, 80, 90 and 100 min, the contents were 
filtered through 0.45 μm membranes and the 
concentration of phosphate in the filtrates was 
determined by UV/VIS molecular absorption 
spectrophotometry using a modified standard yellow 

-phosphoric acid 
method [8]. The effect of pH was studied by 
conducting equilibrium adsorption studies at pH 1.0, 
2.0, 4.0, 6.0, 8.0 and 10.0 using the optimized contact 

time. The effect of adsorbent dosage was studied for 
0.25, 0.5, 1.0, 1.5, 2.0 and 2.5 g adsorbent per 100 
mL solutions using the optimized contact time and 
pH. 

 
Application of activated maize tassel.  The 

potential of activated maize tassel for phosphate 
remediation in real environmental samples was 
assessed by applying the adsorbent to samples taken 
from three sewage treatment plants in Pretoria sited at 
Daarsport (domestic and industrial), Medunsa 
(domestic and hospital) and Sandspruit (domestic).   
 
 
RESULTS AND DISCUSSION 

 
BET characterization of the adsorbents.  The 

BET isotherms exhibited a type IV isotherm with a 
hysteresis loop which indicates the mesoporous 
nature of the adsorbent. Values for the specific 
surface area and pore structural properties are given 
in Table 1. 

The values of the pore sizes corroborate the 
isotherm shape indication of mesoporosity, as they all 
fall in the range 2 to 50 nm. The specific surface area 
of activated maize tassel powder (419-806 m2/g) is 
greater than those reported for some other low cost 
adsorbents such as carbon from cassava peel (270 
m2/g) [9]. In a screening experiment (data not shown 
here) CAT4 was found to be the most effective for 
phosphate removal and it was selected for use in 
further studies.  

SEM technique was used to elucidate the surface 
morphology of the raw and activated maize tassel 
(Figure 1). As it can be seen from Figure 1a, the raw 
tassel shows a mesh-like structure with long chains 
and some pores. It can also be seen from the 
micrograph (Figure 1b) that the external surface of 
the chemically activated maize tassel carbon is full of 
cavities.  

 
 

TABLE 1 
BET surface area and pore structural properties of the adsorbents. 

 

Adsorbent 
SBET 

(m2/g) 
Pore volume 
(cm3/g) 

Pore size  
(nm) 

Raw tassel 2.54 0.006 8.61 
Activated tassel 
CAT1 (0.5:1) 418.6 0.214 2.04 
CAT2 (1:1) 564.1 0.292 2.07 
CAT3 (1.5:1) 699.0 0.372 2.12 
CAT4 (2:1) 803.8 0.447 2.22 
CAT4 (2.5:1) 806.4 0.413 2.14 
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FIGURE 1 
SEM images of the raw maize tassel (a) and activated maize tassel (b). 

 
 

 
 

FIGURE 2 
Effect of contact time on the efficiency and rate of phosphate removal (Conditions: 100 mL of 80 mg/L PO4

3-; 
1.0 g adsorbent; 25°C). 

 
 

Batch adsorption studies.  The variation of 
percent phosphate removal with time for the 
adsorbents is illustrated in Figure 2. It can be seen 
that activated maize tassel removed phosphate at a 
faster rate and with higher efficiency than raw maize 
tassel. The uptake of phosphate by activated maize 
tassel virtually ceased after a contact time of about 70 
min, compared to about 90 min for raw maize tassel, 
with 85% and 66% phosphate removal at equilibrium, 
respectively. Similar trends using different adsorbents 
for phosphate removal have been reported [5,10]. A 
contact time of 90 minutes was used in further 
experiments to study the effects of pH and adsorbent 
dosage, yielding optimised parameters of pH 7 and 
1.5 g adsorbent per 100 ml solution, respectively. 
 

Adsorption Isotherms.  Adsorption equilibrium 
is established when the amount of solute being 
adsorbed onto the adsorbent is equal to the amount 

being desorbed. An equilibrium adsorption isotherm 
is predicted when the solid phase concentration is 
plotted against liquid phase concentration graphically. 
In the present study, two models, namely Langmuir 
and Freundlich were used to interpret the equilibrium 
data [11, 12].  

A summary of the parameters for both Langmuir 
and Freundlich isotherm plots are shown in Table 2. 
Based on the coefficients of determination (R2) it may 
be concluded that phosphate adsorption followed the 
Langmuir rather than Freundlich isotherm for both 
raw and activated maize tassel. This suggests that the 
adsorption occurs on a homogeneous surface by 
monosorption sorption without significant interaction 
between adsorbed molecules. The Langmuir constant, 
qmax [11] was 15.31 mg/g for activated maize tassel, 
which was greater than the qmax of 10.46 mg/g for raw 
maize tassel, as expected.   
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TABLE 2 
Langmuir and Freundlich parameters for phosphate adsorption  

using raw and activated maize tassel. 
 

Isotherm Parameter Raw tassel Activated tassel 

Langmuir 

Equation [11] y= 0.6109x-0.0956 y= 1.0788x-0.0653  

R2 0.9934 0.9976 

qmax (mg/g) 10.46 15.31 

b (L/mg) 0.156 0.0605 

Freundlich 

Equation [12] y= 0.6003x-0.2069  y= 1.4413x-0.1869 

R2 0.938 0.9772 

KF (mg/g) 1.23 1.20 

n 1.67 0.69 
 
 

Application of the activated maize tassel for 
phosphate remediation from environmental 
wastewaters.  Based on the promising results 
obtained in the batch studies of phosphate removal 
from simulated aqueous solutions by activated maize 
tassel, the adsorbent capability was evaluated using 
real wastewater samples at the optimized conditions. 
Samples from three selected sewage treatment plants 
in Northern Pretoria, South Africa were used. The 
results are shown in Table 3. The levels of phosphate 
found in the raw sewage samples (18-43 mg/L) were 

very high, an indication of the vital importance of 
treatment before discharge into local water bodies to 
prevent possible eutrophication. Evidently the 
microbiological treatment processes used at these 
plants are quite efficient for nutrients; bringing 
phosphate levels in the effluent down to below 5 
mg/L. Significantly, batch treatment with activated 
maize tassel produced an even greater reduction to 
values below 1 mg/L, which meets widely accepted 
environmental requirements [2]. 

 
 

TABLE 3 
PO4

3- remediation in sewage samples. 
 

Sampling Analyte Raw  After MB After AMT 

site   sewage treatmentb treatmentc 

    (mg/L) (mg/L) (mg/L) 

Medunsa PO4
3- (as P) 28.0 ± 0.47 4.2 ± 0.21 0.32 ± 0.03 

  COD 510 ± 28 NM 110 ± 6.8 

  BOD 164 ± 12 NM 42 ± 1.8 

Sandspruit PO4
3- (as P) 18 ± 1.25 2.9 ± 0.16 0.45 ± 0.044 

  COD 239 ± 14 NM 86 ± 5.2 

  BOD 103 ± 4.3 NM 35 ± 2.1 

Daarsport PO4
3- (as P) 43 ± 0.82 3.7 ± 0.15 0.60 ± 0.037 

COD 602 ± 24 NM 118 ± 9.2 

BOD 211 ± 14 NM 58 ± 4.2 
aMean values ± SD (n = 3) 
bMicrobiological treatment by the sewage treatment plants. 
cActivated maize tassel batch treatment (Conditions: 100 mL sample solution, 1.5 g adsorbent; pH 7; 25°C; 90 min 
contact time)     
NM (Not measured) 
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Chemical oxygen demand (COD) which is a 
measure of the amount of decaying matter (usually 
organics) that consume dissolved oxygen, and 
biochemical oxygen demand (BOD) which is a 
measure of the amount of oxygen consumed by the 
bacteria that bring about the decomposition, are 
important water quality parameters. Both of these 
parameters were found to decrease significantly after 
batch treatment of the sewage samples with 
chemically activated maize tassel. This is hardly 
surprising, as the removal of organics such as 
methylene blue from aqueous medium with activated 
tassel was recently reported [7]. 

 
 

CONCLUSIONS  
 

In this study chemically activated maize tassel 
was prepared, characterized and used for the removal 
of phosphate from aqueous solutions. Activation 
yields a product with higher specific surface area and 
total pore volume- characteristics of a good candidate 
for consideration as an adsorbent. Process parameters 
for optimal rate and efficiency of phosphate removal 
were established. The experimental adsorption data 
was fitted to various kinetic and isotherm models; the 
best fits were obtained for pseudo-second-order and 
Langmuir isotherm models. The adsorbent was 
successfully applied to real environmental samples. 
The results from this study have shown the potential 
of activated maize tassel to be used as a low-cost and 
effective biosorbent for the removal of phosphate 
from environmental wastewaters.  
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ABSTRACT 
 

This study presents the levels of air pollution 
by BTEX, PM2.5 and PM10 and their content of 
heavy metals such as: lead (Pb), iron (Fe) and 
copper (Cu) at the background site in Algiers 
(Algeria) from April to November 2010. Radiello 
as a passive sampler was used for BTEX sampling 
and a high volume samplers (HVS) equipped with a 
cascade impactor at a four levels was used for 
particles collecting. The Radiello samplers was 
analyzed by gas chromatography equipped with 
flame ionization detector (GC-FID), while the 
heavy metals associated with PM2.5 and PM10 
particles were analyzed by atomic absorption 
spectrophotometer (AAS). Until the period 
sampling, the average concentration of PM2.5 and 
PM10 were respectively 49.9 and 77.4 g m-3. 
While, the average concentration of benzene, 
toluene, ethylbenzene, (m+p)-xylene and o-xylene 
were respectively: 7.7; 29.5; 5.1; 15.5 and 6.1 

-3. All BTEXs and PbPM2.5 were strictly 
correlated with PM2.5, the p-value were 0.034, 
0.028, 0.045, 0.034, 0.021 and 0.044 respectively 
for benzene-PM2.5, toluene-PM2.5, ethylbenzene-
PM2.5, (p+m)-xylene-PM2.5, o-xylene-PM2.5 and 
PM2.5-PbPM2.5. The ratios of (m+p)-xylenes vs. 
ethylbenzene was used in the order to identify the 
staying of the pollutants in the atmosphere. Both 
concentrations of PM10 and benzene exceeded 
largely the limits set by the European Union 
Directives (30/1999 and 69/2000). Within heavy 
metals detected in PM10 and PM2.5, the lead was the 
most abundant with average concentration of 0.27 

-3.This study shows clearly, the road traffic 
was the dominated source emission at Algiers City, 
in addition to this latter, other minor source were 
not excluded. 
 
 
KEYWORDS:  
PM10, PM2.5 , benzene, toluene, ethylbenzene, and xylene, 
Heavy metals, Urban pollution, Algiers. 
 
 

INTRODUCTION 
 

The monitoring of air pollution by particles 
with aerodynamic diameter less than  
(PM2.5) and 10 PM10), and the mono-aromatic 
hydrocarbons such as benzene, toluene, 
ethybenzene and xylenes, also called BTEX, in 
crowded urban areas is a big concern for both 
scientists and local authorities, according to their 
harmful impact on the human health and 
environment [1].  

According to their origin, both natural and 
anthropogenic fine particles found in the 
atmosphere are complex mixtures containing 
numerous chemical compounds that act as catalysts 
for many chemical reactions [2, 3]. In this respect, 
epidemiological studies have proved the harmful 
effects of PM10 and PM2.5 even at low 
concentrations [4-10]. PM2.5 are fine particles and 
so called alveolar particles, while PM10 are the 
coarse particles. Concerning BTEX, previous 
studies have shown that xylenes are highly reactive, 
they contribute to the ozone formation and hence to 
climate change [11]. BTEX cause various disorders 
in people exposed [12].  Several countries have 
recently revised their air quality guidelines and 
proposed new regulations. The European Union 
(EU) Air Quality Directives EC/30/1999 and 
EC/69/2000 established in 2010 the annual average 
limit of benzene and PM10, set respectively at 5 

m-3 m-3. For PM10, a daily value of 50 
m-3 in a limit of 7 days per year has also been 

fixed. Regarding PM2.5; the annual limit value has 
been set m-3 by the American 
Environmental Protection Agency [13]. Several 
studies of air pollution caused by fine particles and 
BTEX in big cities worldwide showed that the 
principal emission source is the vehicle emissions. 
However, these pollutants are considered as a 
relevant tracer for the road traffic [14, 15]. 

Algiers is a metropolis exceeding 3.5 million 
inhabitants and hosting one million vehicles (2009) 
which corresponds to more than one fourth of the 
total national car fleet. During the last decade, the 
national traffic growth was essentially related to the 
use of cars as a mean of commuting. According to 
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the National Office of Statistics - Algeria (NOS), 
passengers using motor vehicles exceeded 88% of 
the total transport stream in 2004. The rate of car 
diffusion in Algiers, which reaches 35 vehicles for 
100 people, is high with regards to developing 
countries. The automobile fleet is very older, when 
the average age reaching 11 years, and has a poor 
maintenance. Despite the fact that the car renewal 
rate in Algeria increased up to 5 % per year, most 
of the fleet is not equipped with catalytic converters 
[16]. As a consequence, air pollution in Algiers 
seems overall induced by the urban and inter-urban 
traffic, with vehicles using fuels which are not 
conform to environmental standards. Northern 
Algeria experiences today a rapid development in 
urbanization, which has a heavy impact on ambient 
pollution. Without any reliable air monitoring 
network in Algiers, which is necessary to make 
both population and authorities take precautions in 
case of air pollution events, only some monitoring 
data collected by scientists and researchers are 
available and can give an idea about the air quality 
in Algiers [17-20]. However, these data are still 
insufficient. 

In this context, the present study is to evaluate 
the air pollution levels of mono-aromatic organic 
compounds (BTEX), PM2.5 and PM10 and their 
content of heavy metals (Pb, Fe and Cu) in the 
urban area of Algiers and extend the literature. 

 
 
MATERIALS AND METHODS 
 

Sampling area and period. The sampling 
area is located in Bouza

the sea 
(Figure 1)). The site sampling is very close to the 
Mediterranean Sea and there the car traffic is high 
and frequent. Hence, ideal to determine the 
influence of urban and marine aerosol. Samples 
have been collected about 50 m away from the 
main road. The sampling campaign has been done 
daily until the period between April-November 
2010. The meteorological data were obtained from 
National Office of Meteorology during the 
sampling period [21]. 

 
Sampling methods. PM10 and PM2.5 

sampling. The particulate matter was deposited 
-volume 

samplers (Model VFC, Anderson, USA) equipped 
with size-selective inlet cascade impactors. 
Particles were separated into two fractions, the 
former characterized by aerodynamic diameters 
lying between 2.5 and 10 μm and marked as PM 2.5  
 

 
 

 
 

FIGURE 1 
Map of the sampling site. 

 



© by PSP  Volume 25  No. 7/2016, pages 2519-2530  Fresenius Environmental Bulletin 

2521 

10, the latter having an aerodynamic diameter 
less than 2.5 μm (PM2.5). Particulates were 
collected over 24 h at 1.1 m3 min 1  every 
week day and starting at 8:00 am. Thus each 
sample corresponds to ~1584 m3. Both the front 
fiberglass filter 10 x 12 cm2 for PM10 and 20.3 x 
25.4 cm2 for PM2.5 (GFF, Whatman) were 
previously conditioned in a room of constant 
relative humidity and temperature and were 
gravimetrically tarred [22], individually wrapped 
with aluminium foils and stored on pre-baked glass 
plates. The filter made on glass microfiber used as 
substrate collection of particles matter was 
weighted before (pre-sample) and after (sample) 
sampling at the same percentage of relative 
humidity (RH). After use, the l
wrapped again with aluminium foils, transported to 
the laboratory, and stored at low temperature (4 °C) 
until chemical processing, in order to prevent the 
analyte from any degradation. In total 130 samples 
were collected over the sampling campaign. 

 
BTEX sampling. Monoaromatic 

hydrocarbons were collected by Radiello diffusive 
samplers, patented by Foundation Salvatore 
Maugeri (FSM). The samplers consisted of 
stainless steel net cylinder, with 100 mesh grid 
opening, packed with 530 mg of activated charcoal. 
The Radiello tubes have been exposed during the 
period of April-November 2010, each two weeks, a 
duplicate Radiello tubes exposed, which is enough 
to rich the concentration of pollutant in the 
sampling media. Every month, one Radiello tube 
was used as blank sample, in the total 32 tube have 
been collected. 
 

Analysis. PM10, PM2.5 mass concentration 
measurements and heavy metals analysis. The 
particulate matter (PM10 and PM2.5) mass was 
gravimetrically determined by weighting filters 
after drying for 48 hours in a desiccator. The heavy 
metal concentration (Pb, Fe and Cu) in each sample 
was determined by atomic absorption spectrometry 
(Model SOLAAR, Thermo Electron Corpor., 
Cambridge, UK) according to standard analytical 
procedures [23].  

For total metal determination, particles matter 
PM2.5 and PM10 sample collected into microfiber 
glass filter were digested using 10 mL nitric acid 
and 10 mL perchloric acid at 210 °C during 1.5 h. 
After cooling, 0.1 N HCl 

 [24] and the total amounts of 
metals (Pb, Fe, Cu) were measured by atomic 
absorption spectrometry (AAS). In addition, each 
sample was analyzed in triplicate. The overall 
recovery ratios of Pb, Cd and Cu (associated to 
PM2.5 and PM10) were 88 116% for Pb, 108 124% 
or Fe and 110 124% for Cu. 

 

BTEX analysis. After sampling, the activated 
charcoal was transferred into a vial and first 
fortified with 10 -fluorotoluene solution 
supplied by Supelco (internal standard with 

-1). Then, 2 mL of carbon 
disulfide (CS2, purchased from Fluka, reference 
84713; low in benzene, 99.5%) was added. The 
sample was slightly shaken during 30 min at room 
temperature.  

Analyses of BTEX were performed on gas 
chromatography with flame ionization detection 
(GC-FID) (GC-17A, Shimadzu; Noisiel, France). 
The chromatographic column was Bentone 
34/DNDP SCOT type (0.5 mm x 15 m; Supelco; 
Bellefonte, PA). The injector and detector 
temperatures were held at 250 °C. The column was 
kept at constant temperature of 90 °C for 15 min. 

L; split ratio 25:1; were 
injected into column at 1 mL.min-1 flow rate of 
Nitrogen used as carrier gas [20]. The compounds 
identification was carried out by comparing the 
features of the eluted sample peaks with those of 
authentic analyte standards and GC retention time. 
Each sample was injected twice and the average 
values have been reported. Blank tubes were 
analyzed in the same way as the samples and all 
results were corrected [25-26].  
 

Quality assurance/Control. All analytical 
procedures were monitored using strict quality 
assurance and control measures. Laboratory and 
field blanks consisted of Radiello passive sampler 
devices were run in each field campaign. Three 
laboratory blanks and eight field blanks were 
analyzed in total. 

External calibration combined with internal 
calibration (addition of internal standard 2-
fluorotoluene 10 μL) procedure was adopted for 
BTEX analysis, five points of each compounds of 
BTEX family were prepared by dilution 10 μg.mL-1 
as mother solution, the calibration points were 10, 
15, 20, 40 and 100 μg.mL-1. 

The detection limit (DL) of the method for 
each BTEX was determined as equal to three times 
the standard deviation of the signal obtained from 
three replicate measurements of blanks, divided by 
the slope of the calibration curve. DLs as low as 

-3 were achieved for the BTEX series. 
All analytical results recorded exceeded the 

corresponding DLs. To evaluate the analyte 
recoveries, three blanks of passive sampling 
devices were spiked with the target BTEX from 
0.04 to 35 mg L-1. Recoveries ranged from 80 ± 5% 
to 110 ± 3%. 
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TABLE 1 
Average concentrations of air pollutants recorded in Bouzereah-Algiers. 

 
Pollutants Number of 

samples 
Monthly average 

concentration (μg.m-3) 
Standard 
deviation 

Minimum value 
(μg.m-3) 

Maximum value 
(μg.m-3) 

Bz. 28 7.73 3.30 3.25 12.03 
Tol. 28 28.19 18.67 0.92 58.68 
E.Bz. 28 5.54 5.66 2.08 18.02 
(m,p)-Xyl. 28 15.99 8.51 2.65 29.93 
o-Xyl. 28 6.34 3.53 2.65 12.00 
BTEXtotal 28 63.80 38.09 11.65 130.67 
PM10 130 77.40 18.00 40.9 105.6 
PbPM10 90 0.273 0.10 0.11 0.670 
Fe PM10 90 0.258 0.10 0.110 0.60 
Cu PM10 90 0.250 0.10 0.10 0.790 
PM2.5 120 49.90 10.92 39.10 66.4 
PbPM2.5 90 0.187 0.11 0 0.280 
Fe PM2.5 90 0.083 0.04 0 0.11 
Cu PM2.5 90 0.063 0.04 0 0.080 
Bz.: Benzene,Tol.: Toluene,  E.Bz.: Ethylbenzene,  Xyl.: Xylene 
 
 

RESULTS AND DISCUSSION 

 
Concentration of BTEX, PM2.5 and PM10.   

The average concentrations of BTEX, PM2.5, and 
PM10 heavy metal associated to the particles matter 
(average ± SD) measured in the urban site of 
Bouzareah, are shown in Table 1.  

According to the table 1, the pollutants as 
benzene, particulate matter (PM10 and PM2.5) and 
Pb are the most abundant among those recorded. 
Their concentrations ranged from 0.92 to 58.68 

m-3; from 40.9 to 105.6 m-3; from 39.1 to 
66.4 -3and from 0 to 0.28 m-3 for benzene, 
PM10, PM2.5 and Pb respectively. Among BTEX 
compounds recorded, toluene was the most 
abundant species, since it account between 12% 
and 44% of the total BTEX concentration. 

However, the contribution of alveolar PM2.5 

fraction accounts about 64% of the average mass of 
PM10. This indicates that PM2.5 comprises a large 
fraction in PM10 in the study area. This result shows 
that PM10 measured in Bouzareah is highly 
enriched in alveolar particles and therefore have an 
adverse health effect. This result was also 
confirmed in the literature [27]. 

We can also see that lead has the highest level 
among analyzed heavy metals. With an average 
concentration of 0.273 m-3, it contributes about 
0.32% of the total mass of particles matter (PM2.5 
or PM10). Lead induced pollution in this area is 
lower than the limit value of 0.5 m-3 

recommended by WHO, but the limit value 
recommended by EU, which is 0.2 m-3, was 
slightly exceeded. Iron, which is partially a tracer 
of natural pollution, does not reach high levels. 

This element remains, with copper, below the 
level of lead. The examination of the mass 
distribution shows that lead is distributed among 
various fractions of particles in a completely 
different way from those of iron and copper. 

Indeed, Fe and Cu are highly enriched in PM10 
fractions while Pb is relatively enriched in PM2.5. 
The mass fractions examination shows that the Pb 
is most abundant in PM2.5, it represents 0.37% of 
PM2.5 and 0.32% in PM10. Conversely, Fe which is 
mainly from the earth's crust, was very abundant in 
PM10 (0.33%) than in PM2.5 (0.17%). Therefore the 
results obtained were very similar than those 
recorded by Oucher et al., 2012 in urban area [27]. 

Lead founded at Bouzareah, mainly come 
from road traffic, which represent a main source 
emission, there is also two outcomes sources 
emissions, the farmer is the mineral dust emissions 
from desert in the warmer seasons [28], the latter is 
the sea salt emissions in the colder season [29], in 
addition to these sources, a minor contribution of 
some anthropogenic activities in this area (Repair 
car body garage and cement plant).  

The results obtained in this study are an 
agreement with previous studies realized in the 
Mediterranean region, showing the influence of 
source emissions (road traffic, anthropogenic and 
natural emission) on the concentration of heavy 
metals associated with fine particles. The annual 
concentrations of lead in the ambient air varied 
between 0.2 and 0.5 μg.m-3 recorded in France, 
Spain and Italy [30-33]. 

The average concentration during the period 
sampling in the conducting study of benzene, PM2.5 
and PM10 are respectively 7.73 m-3, 49.9 m-3 
and 77.4 m-3. These levels exceed all 
international standards and represent around 1.5, 3 
and 4 times respectively the limit of benzene (5 

m-3), PM2.5 m-3) and PM10 m-3) 
recommended. 

The annual average concentrations of PM10 
and PM2.5 found are within the range of 9-100 
μg.m-3, levels measured in other studies conducted 
between 2008 and 2012 in 1600 cities [34]. For 
example, according to the some previous studies 
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conducted in big cities worldwide, the annual 
average concentration for PM10 -3 in 
Rome (Italy, about 2.5 million inhabitants), 55 

-3 in Izmir (Turkey, about 3.4 million 
inhabitants) and 8 -3 in Ahmedabad (India, 
about 3.6 million inhabitants) [34].  

The annual average concentration for PM2.5 

was lower than those recorded at Antanananrivo 
-3 and Ulaanbaatar 

-3 and higher than those 
-3, 

-3and similar to 
those recorded at Kuwait City and Mexicali 

-3 [33, 34, 36]. 
The variation of the BTEX concentration 

recorded in this study is in good agreement with 
those recorded in previous studies. This study 
shows that benzene, toluene, ethylbenzene and total 
xylenes (m-, p- and o- isomers) measured at urban 
site in Bouzereah were lower than those measured 
at Rome (Italy) [37], Guangzhou, Nanhai and 
Macau (South China) [38] and at Cross Harbor 
(Hong Kong) [39]. However, they were higher than 
those measured at Algiers (winter and summer 
2006-2007) [40], at Helsinki (Finland) [41], at 
Yokohama (Japan) [42], at Berlin (Germany) [43] 
and recorded at London (England) [43].  

Regarding to the benzene, similar 
concentrations were recorded in Algiers in previous 
studies [20] (see Table 2). 

 
Monthly variation. The monthly variation of 

BTEX, PM2.5 and PM10 concentration is illustrated 
in the Figure 2 and 3.  As shown, the concentration 
profiles over months of BTEX, PM2.5 and PM10 

present the same trend. 
BTEX species exhibit remarkable monthly 

variation concentrations recorded in the study area. 
The observed trends can by explain by the 
characteristics of meteorological conditions (Table 
3), variations in the source strength, the OH radical 
availability and insolation that keep the removal 
process of the VOC species of the atmosphere [44]. 
Generally, BTEX concentration levels are higher 
during cold seasons. This fact is related to the 
photochemical activity and heating sources. 
According to the Figure 2, BTEX concentration 
levels recorded during winter are higher than those 
recorded during summer (July and August), 
contrary in November, where the situation is 
reversed. This is probably due to the variation of 
outcome of atmospheric conditions, rainfall 
frequency of 63 % recorded in November and 
dilution of pollutants in this site. These results were 
confirmed by decreasing particulate matter 
concentration.  

 

 
TABLE 2 

BTEX levels in ambient air of various cities worldwide (μg m-3). 
 

Cities  Bz. Tol. E.Bz. (m+p)-
Xyl. 

o-Xyl. 

Helsinki [41] 2.1 6.6 1.3 4.1 1.6 

Roma [37] 35.5 99.7 17.6 54.1 25.1 

Yokohama 
(Japan) [42] 

1.7-3.7 4.7-34.3 0.5-3.8 1.0-2.0 0.1-0.8 

Berlin 
(Germany) 
[43] 

6.9 13.8 2.8 7.5 2.9 

London 
(England) [43] 

2.7 7.2 1.4 3.7 1.5 

Guangzhou. 
Nanhai and 
Macau (South 
China) Urban 
and road sites 
[38] 

20-
51.5 

39.1-85.9 3-24.1 
14.2-

95.6** 
- 

Cross Harbor-
Tunnel in 
Hong Kong 
[39] 

30.51 200.82 15.07 
45.67 

** 
- 

Algiers 
(Roadside, 
background 
and rural) [20] 

1.1-
26.8 

3.5-63.3 2-12 
4.9-
46.8 

2.2-14.7 

Present study    7.73 28.19 5.54 15.99 6.34 

** (o-,m- and p-)Xylenes 
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FIGURE 2 

Monthly variations of BTEX concentrations. 
 

Regarding to monthly variations of 
particulates in both size ranges PM10 and PM2.5 

(Figure 3), the highest average of PM2.5 and PM10 

are recorded in April, 52.1 m-3and 97.6 m-3 

respectively, while those presenting low levels are 
recorded in May, July and August. Several studies 
show that levels of fine particles reach their 
maximum in autumn, winter and spring and 
decrease during summer [45]. In our case, the 
highest value coincides with the end of spring 
period. This trend is probably due to low rainfall 
(Rainfall frequency recorded during the month of 
April was 40%, however 70 % of the total 
precipitations per day were lower to 5 mm) 

occurring during sampling days and to the 
decreasing road traffic density during summer (see 
Table 3). 

On the other hand, the results obtained with 
95% confidence for a sampling period of 7 months 
for PM10 (mean + confidence limits)  are (77.39 ± 
10.83 μg.m-3), PM2.5 (30.79  ±  11.08 μg.m-3), 
benzene (7.73  ± 2.39 μg.m-3), toluene (28.19  ±  
13.81), ethylene (5.54  ±  4.15), (p + m)-xylene 
(15.99  ±  6.23 μg.m-3) and o-xylene (6.34  ±  2.59 
μg.m-3). These results show that the confidence 
limits values vary widely.  

 

 
TABLE  3 

Meteorological conditions during the sampling period. 

Month T TM Tm H PP %PP V 
April 15.9 19.8 15 68 47.3 40 17.0 
May 17.4 22.7 16.6 52.8 00 0 17.5 
June 20.9 24.8 19.9 62.3 00 0 8.9 
July 26.2 28.1 22.5 67.2 00 0 14.5 
August 25.0 28.1 22.4 68.2 40.1 8 10.7 
October 17.9 24.4 18.1 55.5 13.5 17 15.3 
November 13.8 19.7 14.3 57.1 171.5 63 14.7 

T: Average temperature (°C), TM: Average maximum temperature (°C), Tm: Average minimum temperature (°C), H: Average relative 
humidity (%), PP: Average precipitation and/or melting snow total (mm), %PP: rainfall frequency, V: Average wind speed (km.h-1). 
 

 
 

FIGURE 3 
Monthly variations of PM10 and PM2.5 concentrations. 

 



© by PSP  Volume 25  No. 7/2016, pages 2519-2530  Fresenius Environmental Bulletin 

2525 

Inter-species correlation. Statistical analyses 
(Table 4) show that the concentrations of 
most important pollutants, benzene-PM2.5 (p-value 
= 0.034), toluene-PM2.5 (p-Value = 
0.028), ethylbenzene-PM2.5 (p-value = 
0.045), (p+m)-xylene-PM2.5 (p-value = 0.034), o-
xylene-PM2.5 (p-Value = 0.021) and PM2.5-PbPM2.5 
(p-value = 0.044) recorded during this study have 
good correlations. Regarding to lead, we can see 
there is no correlation between Pb and PM10 (r2 = 
0.12, p < 0.05). However, an acceptable correlation 
between concentrations of PbPM2.5 and PM2.5 is 
observed. This implies that lead road traffic is 
associated with particles of PM2.5. 

PM10 might be induced by anthropogenic 
activities, geological dust, road dust suspension and 

secondary aerosol formation which is different 
from vehicle emission [14]. Also PM10 were 
induced by dust storm transportation to the site 
sampling from other places, which can have an 
important pollutant sources, hence the weak 
correlation between BTEX and PM10 obtained in 
the study area. However, an acceptable correlation 
between concentrations of PbPM2.5 and PM2.5 is 
observed. This implies that lead road traffic is 
associated with particles of PM2.5. 

The mean correlation (r2) between and BTEX-
PM10 (r2 = 0.6) is not as good as that found between 
BTEX-PM2.5 (r2 = 0.8) and PM10-PM2.5 (r2 = 0.85). 
This fact can be explained by the several sources 
outcomes of BTEX and PM10. 

 
 

TABLE 4 
Correlation coefficients among the main pollutants recorded in Bouzereah. 

 

*N.S.  PM10 PM2.5 PbPM10 PbPM2.5 Bz. Tol. EBz (m+p )-
Xyl. o-Xyl. 

130 PM10 1.00 0.85 0.30 0.29 0.63 0.47 0.63 0.48 0.74 
120 PM2.5 - 1 0.12 0.6 0.82 0.87 0.55 0.82 0.93 
90 PbPM10 - - 1 0.18 0.29 0.55 0.88 0.56 0.43 
90 PbPM2.5 - - - 1 0.51 0.38 0.29 0.30 0.68 
28 Bz. - - - - 1 0.78 0.55 0.90 0.82 
28 Tol. - - - - - 1 0.72 0.93 0.87 
28 EBz. - - - - - - 1 0.73 0.65 

28 (m+p) -
Xyl. 

- - - - - - - 1 0.80 

28 o-Xyl. - - - - - - - - 1 

* Number of samples. 
 
 

BTEX and PM10 ratios: spatial/monthly 
pattern Concerning the relative concentration of 
aromatic compounds, Nelson and Quigley [46] 
proposed the use of the ratio between (m + p)-
xylene and ethylbenzene (X/E) to evaluate the 
extent of photochemical reactivity in the 
atmosphere in order to provide an indication of 
urban plumes age. Because ethylbenzene has a 
relatively long lifetime, lower values of X/E 
indicate a longer age [47]. In our study, an average 
X/E value of 3.7 for all results (Figure 4) has been 
estimated. This value is lower than compared to 
those reported in the literature, which is equal to 
4.5 [43] and higher than those founded in Italy and 
China with average values of 3.1 and 2.97 
respectively [14, 37]. 

This ratio is very useful to determine the 
staying of pollutants in the atmosphere, high values 
of this ratio means that air masses have stayed a 
long time in the atmosphere (old emissions) and 
low values of this ratio indicate that air masses are 
recent (fresh emissions). Kuntasal et al., 2005, 
gives a value of 3.8 for this ratio [48, 49]. Gasoline 
fresh emissions have shown ratio values between 

3.8 and 4.4. In this study, the average ratio 
calculated, indicates that most air masses 

However fresh 
emissions has as origin a local source, in this case 
the resulting emissions of road traffic, without 
exclude the industrial emissions, which represent a 
minor contribution in site of Bouzareah. 

On this basis, the X/E ratio gives an indication 
about the fact that the pollutants freshly emitted, 
tend to stagnate in the sampling area or are 
produced elsewhere and then drift to the sampling 
area. However, for conclusive results about this 
point which is beyond the aim of this study, 
additional data are required.  

Regarding to monthly variations of the 
PM2.5/PM10 ratio, the values varied between 20 and 
60 %, the highest average ratio was recorded in 
July and the lowest was recorded in April (Figure 
5). 

Several previous studies conducted at 24 cities 
in USA and Canada has shown that the ratio of 
PM2.5/PM10 varied between 30 and 70%, depending 
on the location of measurement [50]. 
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FIGURE 4 
Monthly variation of ratios of (m+p)-Xyl./EBz. 

 
 

 
 

FIGURE 5 
Monthly variation of ratios of PM2.5/PM10. 

 
 

Others ratios found at different sites are 
presented in Table 5. The ratios found in Bouzareah 
are similar to those found at United Kingdom [51-
52] and Canada [53], but lower to those recorded at 
Germany [54] and California [55].    

Several factors influence PM2.5/PM10 ratio, 
which is increases with the emissions from motor 
vehicles and high-temperature processes [56]. It 
also increases as a result of stronger photochemical 
reactions or fewer resuspended coarse particles 
from road surfaces [56]. 

 
TABLE 5 

PM2.5 to PM10 ratios at different sites 
 
Cities  Average (%) 

Germany [54] 68 

California [55] 50-66 

United Kingdom [51] 60 

United Kingdom [52] 55 

Canada [53] 40 

Present study    58 

 
Other meteorological conditions, such as rain, 

solar radiation and atmospheric stability, may also 

affect the ratio [56]. Others studies were shown a 
PM2.5/PM10 ratio is generally higher during the 
heating period particularly in rural areas [57]. The 
highest value obtained in July is probably due to 
the number of Hours sunshine [58] that 
characterizes this month (10 Hours max.) And 
moderate winds (3.8 m/s) [21], recorded during this 
period (Table 3), which favored the slow dispersion 
of the particles and photochemical reactions. 
 

Ranking of BTEX with respect to ozone 
formation. Potential and Reactivity with OH. 
The ozone formation potential (OFP) is the 
capacity of a VOCs contribution to the process that 
produces ozone. The amount of ozone produced 
doesn't only depend on the amount of VOC emitted 
but also on its reactivity. Carter and co-workers 
developed methods for ranking photochemical 
reactivity of VOC inducing ozone formation, one of 
the most widely used method is the Maximum 
Incremental Reactivity (MIR) [59]. They proposed 
to use the MIR scale for regulatory applications 
because it reflects the reactivity under 
environmental conditions which are most sensitive 
to effects of VOC controls [60-61]. 
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TABLE 6 
MIR coefficient, BTEX-OH rate constant and ranking of BTEX according to mass concentration, ozone 

formation potential and reaction with OH leading to formation of oxidants in Bouzereah, Algiers. 
 

BTEX 

  
MIR 
coeff

. 

OH  BTEX 
(μg.m-3) 

(a) O3 

formation 
potential  

(b ) 

Reaction 
with  OH 

Bz.  0.42 1.23 12.03 5.05 4.64 
Tol. 2.70 5.96 58.68 158.45 93.02 
EBz. 2.70 7.10 18.02 48.67 29.56 
(m, p) Xyl. 8.20 23.60 29.93 245.45 163.14 

o-Xyl. 6.50 13.70 12.00 78.00 37.97 

aBTEX x MIR, b BTEX in (ppb) x BTEX-OH  (10 12 cm3/molecule/s) x1012. 
 

Using this scale, the ozone formation potential 
(OFP) is calculated by multiplying the average 
concentration registered by the MIR coefficient of 
each VOC species. These unitless MIR coefficients 
are intended for use in conditions displaying 
relatively high NOx concentrations, which may be 
used as an important tool in ozone control 
programs. The reactivity of VOC with OH radical 
depicts the ability of the hydrocarbon to form 
higher oxidized products like aldehydes, ketones, 
acids, organic peroxy radicals, etc. 

The ranking of BTEX species according to 
their mass concentration, to ozone formation 
potential and reaction with OH is given in Table 6. 
The rate constants of VOC-OH reactions and MIR 
coefficients were taken from the literature [60, 62-
63]. Based on the MIR scale, xylenes (m-/p-xylene 
and o-xylene) are the most dominant contributors to 
ozone formation among BTEX and they represent 
60% of the total ozone produced by the total BTEX 
covered in this study. This result is in a good 
agreement with the observation in Seoul [64] and 
Porto Alegre [65]. Toluene is the second largest 
contributor to ozone formation. Ozone formation 
potential of benzene is minimum, although it is the 
most hazardous species among BTEX. 

Reaction of BTEX with OH radical, which 
leads to the formation of higher oxides, follows the 
pattern (m+p)-xylene > toluene > o-xylene > 
benzene > ethylbenzene for this urban site in Table 
6. This pattern is confirmed by others authors [66]. 
 
 
CONCLUSION  

 
The average concentrations of benzene, PM10, 

PM2.5 and Pb associate to the particles (PM2.5 and 
PM10) measured during the period April-November 
2010 in urban area located in Bouzareah (Algiers, 
Algeria), varied respectively from 3.25 to 12.03 

-3, 40.9 to 105.6 -3, 39.1 to 66.4 μg.m-3 

and 0 to 0.280 μg.m-3. The levels recorded exceed 
greatly the annual average set at 5, 20, 15 and 0.2 
μg.m-3 respectively for benzene, PM10, PM2.5 and 

Pb required for urban areas by US-EPA and EU Air 
Quality. Concentration levels of different pollutants 
show monthly variations during the sampling 
period. The results obtained with 95% confidence 
for the sampling period showing confidence limits 
percentages vary widely. Road traffic, 
meteorological conditions of Algiers and pollutants 
reactivity could be responsible for those seasonal 
variations. The inter-species ratios of different 
species indicate the role of vehicular contribution to 
the high levels of BTEX, PM10 and PM2.5 in the 
ambient air of Algiers. The correlation between 
different species also suggests that there could be 
only one predominant source, which could most 
likely be the vehicular emission in the case of 
BTEX, PM2.5 and Pb. This study also enables the 
identification of the main BTEX ozone precursors. 
Results obtained in this study indicate that 
Bouzareah is highly affected by air pollution. It is 
necessary to adopt policies to improve air quality in 
Algiers City. These policies should include the 
implementation of measuring air quality stations to 
intervene in the situation when the regulated 
pollutants limit will be exceeded. 
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ABSTRACT 
 

In this study, s  preferred 
habitat type and characteristics (aspect, slope etc.) 

living, then living individuals were tagged, 
measured, and released. The samples were taken 
from the various habitats found within the province 
of Hatay (Turkey), during June-August 2010. 
Respectively, among the 234 dead and 118 living 
voles, 112 (47.86%) and 53 (44.92%) were from 
agricultural areas, 103 (44.02%) and 56 (47.46%) 
from roadsides near to agricultural areas, 19 
(8.12%) and 9 (7.63%) were caught in grasslands. 
In the sample of 234 dead and 118 living voles, 158 
(67.52%) and 73 (61.86%) were caught in areas 
with slopes of 31-60°. In those areas with slopes of 
0-45°, there were strong positive correlations 
between the capture frequency in traps and the 
slope (rsnaptrapping=0.911; p<0.0001 and 
rlivetrapping=0.897; p<0.001). On the other hand, a 
very strong negative correlations were found 
between capture frequency and slope for the areas 
with slopes of 46-90° (rsnaptrapping= -0.933; p<0.002 
and rlivetrapping= -0.874; p<0.002). Most of the 
individuals in traps (nsnaptrapping= 171; 73.08% and 
nlivetrapping=84; 71.19%) were captured on south, 
southeast, and southwest exposures, but did not 
differ between east and west. Also, the highest 
mean temperature were found on slopes of 30-60° 

in the south-facing sites. Moreover, there are 
significant positive correlations between altitude of 
sites and frequency of capture in snaptraps and 
Sherman livetraps (rsnaptrapping=0.941; n=6; p=0.001, 
rlivetrapping=0.903; n=6; p=0.001, respectively). So, 
while altitude of sites increase, trapping success and 
population density (rdensity=0.938; n=6; p=0.001) are 
on the increase. 

 
KEYWORDS: 
Microtus guentheri, Hatay, preferences, exposure, slopes 

 
 
 
 

 
INTRODUCTION 

 
 
Microtus guentheri is found in particularly 

high numbers in clover and wheat fields and their 
neighbouring roadsides. It can be said that, As voles 
generally prefer to live in colonies in areas with 
dense vegetation, especially steppe, grassy plains 
and agricultural or fallow fields, they were seen to 
have concentrated on the edges of crop fields or 
fallow fields [1]. As voles prefer to make their 
burrow systems by the roadside and on sloping 
agricultural land, the like this areas in our study are 
at highest risk of invasion by voles.  

Rodents of the Family Arvicolidae, and 
especially members of the genus Microtus Schrank 
(1798) are where agriculturally important. These 
species cause a great amount of damage to 
agricultural products. Most rodents are known to be 
prolific, their populations reaching high numbers 
within a short time [1,2,3,4,5,6]. They are also 
known to cause great damage not only to grassland 
vegetation [7] but also to agricultural crops 
[8,9,10,11,12] [6], there 
are six species of rodents in Turkey (Microtus 
guentheri, M. socialis, Spermophilus citellus, S. 
xanthaprymnus, Spalax leucodon and S. 
ehrenbergi

et al. [13] examined the damaging effects of the 
species M. guentheri on agricultural crops, but gave 
only partial brief information relating to their life 
history and ecological characteristics. For this 
reason, particularly in regions where agricultural 
activity is a major source of income, attention must 
be given to understanding the ecology of these 
species and the various ways in which they are 
helpful or harmful to their environment. 

What is the importance, understanding the 
ecology of these species? As Turkey is an 
agricultural country, any damage to its agricultural 
produce has a significant impact on the economy. A 
large budget is put aside and much time and effort 
are spent each year to prevent agricultural damage 
and to keep disturbance to non-targeted species into 
a minimum [14, 15,16]. Unfortunately there are  
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FIGURE 1 
Map of southern Turkey showing locations of study sites. 

 
only a limited number of studies on the ecology and 
habitat preferences of the voles in Turkey 
[1,6,13,17,18,19,20,21,22]. 

In this study, Microtus guentheri, which is 
widespread in the Hatay region, which is a 
town/province in south-eastern Anatolia in Turkey, 
was investigated. Its preferred habitat type and 
characteristics (exposure, slope etc.) were studied.  
 
 
MATERIALS AND METHODS 
 

taken from the various habitats (agricultural land, 
roadside and grassland) found within the province 
of Hatay (Turkey), during June-August 2010.  

 
Field studies and observations. Levant voles 

were caught in various habitats in six trapping areas 

and Karahüyük) (Fig. 1). In each site where sample 
was collected the habitat type, the degree of slope, 
its exposure to the sun, and the diameter of the 
burrow holes in the nearby surrounding area were 
recorded. 

The samples for calculating trapping efforts 
and density in habitats were taken, in Antalya and 
surrounding areas by placing 100 snaptraps and 20 
Sherman live traps in each site, independently trap 
type of each other, specified according to the 
degree of its slope and its exposure. Fifty snaptraps 
were set on south-facing slopes and fifty snaptraps 
set on north-facing slopes at suitable locations two 
hours before sunset on the day of arrival in the field 
and checked the following morning one hour before 

sunrise or at sunrise (snaptrapping). All of the live 
traps were set in the morning and checked the 
following morning (livetrapping). Only one trap 
was placed in 10 m2, approximately. If any live 
individuals were caught, the dorsal fur was dyed for 
calculating population density (see below), and it 
was noted if these voles were recaptured. The bait 
used in the traps consisted of roasted peanuts mixed 
with some chewed bread. Each site was surveyed 
for a total of five days (per five days x one year), 
for a total of 500 snaptrap-nights and 100 sherman 
live trap-nights per site, and 4000 snaptrap-nights 
and 800 sherman live trap-nights in the study as a 
whole.  

In addition, data were collected on the 
population density and degree of slope of the site in 
which the voles were caught. Population density 
was calculated with Mark-Recapture Population 
Sampling Method of Lincoln-Peterson. 

  According to this method, during the first 
trapping, an initial random sample of individuals 
was captured in live traps. Live individuals were 
then marked by the dorsal fur dyeing and released. 
During the second trapping, a second random 
sample of the individuals was captured. Some of 
these animals were marked animals and others were 
not. Then following mathematical equation was 
used to determine an estimate the total number of 
animals in the population for each slope groups 
[23,24]:  
 
N = MC/R 
 
N =  Estimate of total population size 
M =  Total number of animals captured and marked 
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C = Total number of animals captured on the 
 

R = Number of marked animals recaptured on the 
second   

In order to investigate the relationship 
between temperature changes with exposure and 
population dynamics, the temperature was taken in 
burrow tunnels located in fields with varying 
degrees of slope. A pocket thermometer was placed 
in the gallery entrance or exit holes at a depth of 
20-25 cm. Data were collected on the same day 
between 12 noon and 1 pm (daytime) and between 
11 and 12 pm (nighttime). As no burrow systems 
were found on slopes from 81-90°, the temperatures 
here were measured by placing a thermometer in 
the soil at a depth of 25 cm. 

 
Statistical analysis. To determine the habitat 

preferences of the species captured, the slopes of 
capture sites were divided into two groups: 0-45° 
and 46-90°, to ensure normality and homogeneity 
of data distribution. The relationship between slope 
and frequency of capture was evaluated using the 
Pearson correlation and least-square regression. 

-t test was performed to 
investigate whether there was any difference in the 
average frequency of capture between the two 
groups living on different degrees of slope. 

While investigating preferences for 
topographic exposure of burrow system, the data 
were again divided into two main groups: the first 
South group (all of the Southeast, South, and 
Southwest data points were grouped) and the 
second North group (all of the Northeast, North, 
and Northwest data were grouped). The values for 
East and West exposures were assumed to be an 

-test was 
also used to test for differences in frequency of 
capture between the two exposure groups. To 
measure the way in which temperature is affected 

temperatures were divided into the same exposure 
groups (South and North). First we compared the 
average burrow systems temperature for South and 

-t test. 

Following this, the variability of day and night 
temperatures and the difference between them were 
confirmed using Pearson Correlation. ANOVA was 
used to test the relative importance of temperature 
and slope exposure on vole numbers. The use of the 
sign was acceptable only at low values of p<0.05).  
 
 
RESULTS  
 

Research areas, locations of captures, and 
number of voles investigated. The samples of M. 
guentheri caught by snaptraps and sherman traps 
were collected in eight localities (see above) in 
Hatay. There were total of 234 individuals at 
snaptrapping, including 113 8.29%) and 121 

1.71%). Also, there were total of 118 
individuals are captured at live traps (5
(44.07%) and 66 55.93%)).  

There were significant positive correlations 
between altitude of sites and frequency of capture 
in snaptraps and sherman traps (rsnaptrapping=0.941; 
n=6; p=0.001, rlivetrapping=0.903; n=6; p=0.001, 
respectively). Furthermore, while altitude of sites 
increased, trapping success and population density 
(rdensity=0.938; n=9; p=0.001) also increased. 

 
Preferred habitat type. It was observed that 

the 
unploughed strip at the edge of agricultural fields 
and on roadsides. For snaptraps, 112 (47.86%) 
individuals were caught in agricultural areas, 103 
(44.02%) in roadsides near to agricultural areas, 
and 19 (8.12%) were caught in grasslands. For 
sherman traps, 53 (44.92%) individuals were caught 
in agricultural areas, 56 (47.46%) from roadsides 
near to agricultural areas, and 9 (7.63%) were 
caught in grasslands. M. guentheri was not 
encountered in other habitat types. Moreover, 
population densities reflect these capture rates 276 
(57.62%) individuals were estimated from 
agricultural areas, 128 (26.72%) from roadsides 
near to agricultural areas and only 75 (15.66%) 
were estimated from grasslands.  
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FIGURE 2 
Frequency of voles caught and population density as a function of slope.  

 
 

FIGURE 3 
A. Capture frequencies in snaptraps according to compass direction of slope exposure; B. Capture 

frequencies in sherman traps according to compass direction of slope exposure; C. Population densities 
according to compass direction of slope exposure. 

 
 

Preferred degree of slope for nesting sites 
on habitat . The relationships between the degree 
of slope and frequency of capture in snaptraps, 
frequency of capture in Sherman traps, and 
population density are given in Figs 2, 3 and 4. An 
equal trapping effort of 100 x 5 days snaptraps and 
20 x 5 days Sherman traps each was made for steep 
and shallow slopes. Most individuals in snaptraps 
and Sherman traps (n = 158, 67.52% and n = 73, 
61.86%, respectively) were caught in areas with 
slopes of 31-60°. Population density was also very 
high at these areas (see Fig. 2). For slopes of 0-45°, 
there were strong positive correlations between the 
slope and frequency of capture in snaptrap 

(rsnaptrapping = 0.911; n = 9; p < 0.0001) and Sherman 
trap (rlivetrapping = 0.897; n = 9; p < 0.001), as well as 
between slope and population density (rdensity = 
0.965; n = 9; p < 0.001). On the other hand, for 
areas with slopes of 46-90° there were strong 
negative correlations between slope and frequency 
of capture in snaptrap (rsnaptrapping = -0.933; n = 9; p 
< 0.002) and Sherman trap (rlivetrapping = -0.874; n = 
9; p < 0.002), and between slope and population 
density (rdensity = -0.876; n = 9; p <0.001) (Fig. 2). 
In areas with 0-45° slopes 143 individuals were 
caught in the snaptraps and 66 individuals Sherman 
traps, whereas on slopes of 46-90°, 91 individuals 
were caught in the snaptraps and 52 individuals 
Sherman traps set. The differences between the two 
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FIGURE 4 
Relationship between average temperatures (daytime, nighttime and day-night difference) taken in 

burrow systems located on south-facing slopes as a function of degree of slope. 
 

 
slope groups for capture frequency (For 0-45°: 
meansnaptrapping= 10.842 ±1.798, meanlivetrapping = 
6.361±1.290; and for 46-90°: meansnaptrapping = 
8.546±1.322, meanlivetrapping= 3.563±1.469, 
respectively) were not statistically significant 
(tsnaptraping = 0.786; df = 16; p>0.355, tlivetarpping = 
0.914; df = 16; p>0.278). 
   

Preferred habitat exposure. Captures were 
assigned to eight compass directions according to 

. 
Trapping indices demonstrate that southerly 
directions (slopes facing south, southeast, or 
southwest) were preferred, because 171 (73.08%) 
of voles captured there in snaptraps and 84 
(71.19%) is Sherman traps. Also 355 (74.11%) of 
population of these species was found in the 
southern slopes as indicated by density index. The 
differences of capturing between northern and 
southern exposures were found to be statistically 
significant (tsnaptraping=3.008; df=8; p<0.010, 
tlivetrapping = 2.156; df=8; p<0.021, tdensity=2.33; df=8; 
p<0.014, respectively). Such difference between 
east and west exposures (tsnaptraping=1.005; df=8; 
p>0.05, tlivetrapping=1.003; df=8; p>0.05, 
tdensity=1.563; df=8; p>0.05, respectively) was not 
found. 
 

Temperature regime in the south-facing 
areas. Figure 4 presents the data on temperatures 
measured inside the burrow systems on south-
facing slopes. For gentle slopes (0-45°), there was a 
strong positive correlation between the average day 

and night burrow temperatures and the slope 
(rdaytime=0.973; p<0.004, rnighttime=0.985; p<0.0002 
respectively; Fig. 4). A strong negative correlation, 
however, was found between the difference in day 
and night-time temperatures and the slope 
(rdifference= -0.941; p<0.005). On the other hand, for 
steep slopes (46-90°), negative but comparatively 
weak correlations between the average day and 
night-time burrow temperatures and slope (rdaytime= 
-0.703; p>0.202, rnighttime= -0.785; p<0.051 
respectively; Figure 4) were recorded.  

Moreover a positive correlation was found 
between the difference in day and night 
temperatures and the slope (rdifference=0.938; 
p<0.008). Additionally, both day and night-time 
temperatures were significantly different between 
the slope categories as was the magnitude of the 
daily shift in temperature (Fdaytime=53.194; df=8; 
df=351; p<0.0001, Fnighttime=98.467; df=8; df=351; 
p<0.0001, Fdifference=289.381; df=8; df=351; 
p<0.0001 respectively). This means that the voles 
on gentle slopes experience an increase in the 
average temperature of their burrows as the slope 
increases from 0-45° (at least on sunny days). On 
the other hand, voles living on steep south-facing 
slopes (46-90) experience a slight decrease in 
temperature as the steepness increases. The day and 
night burrow temperatures were statistically 
significantly different for both gentle and steep 
slopes (tdaytime=9.790; df=199; p<0.0001, 
tnighttime=8.065; df=199; p<0.0001, tdifference=7.003; 
df=199; p<0.0001). 
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Temperature regime in the north-facing 
areas. Figure 5 presents the data on burrow 
temperatures on north-facing slopes. On gentle 
slopes (0-45°), the temperatures were negatively 
correlated with average day and night burrow 
temperatures (rdaytime= -0.723; p<0.0001, rnighttime= -
0.787; p<0.0001 respectively; Fig. 5). A weak 
negative correlation was found (rdifference= -0.150; 
p<0.010) between the difference in day and night 
temperatures and the degree of slope (Fig. 5). On 
the other hand, for steep north-facing slopes (46-
90°) (Fig. 5), while a negative and comparatively 
weaker correlation (rdaytime= -0.357; p<0.0001) was 
found between the average daytime burrow 
temperature and the degree of slope, no relationship 
could be found between the average night 
temperature and the degree of slope (rnighttime = -
0.065; p>0.364). A negative correlation (rdifference= -
0.401; p<0.0001) was found between the day and 
night-time temperature difference and the degree of 
slope (Fig. 5). In addition, both the day and night 
temperatures were different from each other for the 
two slope categories (Fdaytime=58.943; df=8; df=351; 
p<0.0001, Fnighttime=39.480; df=8; df=351; p<0.0001 
respectively). Also, the magnitude of the daily 
changes in temperatures was different between the 
slope categories, i.e. greater on the gentle slopes  

(Fdifference=27.017; df=8; df=351; p<0.0001). 
On the other hand, the day and night-time and the 
difference values measured for gentle slopes (0-
45°), and the values measured for steep slopes (46-

90°), were expressed as; tdaytime=17.674; 
df=199;p<0.0001, tnighttime=12,003; df=199; 
p<0.0001, tdifference=8.957; df=199; p<0.0001 
respectively, being greater on the gentle slopes. 
Finally, comparing north and southfacing slopes, 
the two exposures differ in average day 
temperature, average night temperature, and the 
magnitude of the day/night differences 
(tdaytime=51.663; df=359; p<0.0001, tnighttime=33.182; 
df=359; p<0.0001, tdifference=28.121; df=359; 
p<0.0001 respectively). 
 
 
DISCUSSION  
 

During the course of this research in Hatay, it 
became clear that M. guentheri occurs in K , 
Serinyol, Derince, Kuzeytepe, 

 and Karahüyük. During field observations 
it was revealed that the adults with dyed fur were 
recaptured often (86.21%).  This species was found 
in particularly high numbers in clover and wheat 
fields and their neighbouring roadsides. In addition, 
they were also observed in grasslands containing 
herbaceous wild plants. It can be said that, as voles 
generally prefer to live in colonies in areas with 
dense vegetation, especially steppe, grassy plains 
and agricultural or fallow fields, they were seen to 
have concentrated on the edges of crop fields or 
fallow fields. As voles prefer to make their burrow 

 

 

FIGURE 5 
Relationship between mean temperatures taken in burrow systems located on north-facing slopes as a 

function of degree of slope. 
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systems by the roadside and on sloping 
agricultural land, the study areas of Serinyol, 

 and Karahüyük are at highest risk of 
invasion by voles, also trapping successes are high 
at these sites than other sites. In these study sites, 
cereal crop production is usually carried out on 
sloping land in fields adjacent to roadsides. Many 
burrows were encountered during field observations 
in cereal crop production areas. The frequencies of 
capture and population densities were highest in 
this type of field. On the other hand, in the study 
sites of K , Serinyol, Derince, Kuzeytepe, 
and Karahüyük, relatively little cereal crop 
production is carried out and the average degree of 
slope is found to be quite low. As seen, the 
frequencies of capture and population densities 
were low in these areas. Results show that, with 

of slope, fields with an average slope of 31-60°, 
particularly those used for cereal crops, and that are 
adjacent to roads are at greater risk. 

  Sloping fields are exposed to more solar 
radiation during the daytime [25]. For this reason, 
they heat more quickly than fields in flatter areas, 
and reach a higher temperature (especially those 
facing south). They cool down slowly because of 
the solar radiation absorbed during the day. 
Therefore, the differences between the day and 
night-time temperatures in sloping fields are 
comparatively lower (see Fig. 4.a). So solar 
radiation is absorbed by the soil during the day and 
slowly dissipates overnight, and because the 
difference in day/night temperatures is smaller on 
slopes than flat areas, it is logical that slopes should 
retain more heat and hence have higher mean 
temperatures than flat surfaces. As seen in this 
study, for the south facing fields, as the degree of 
slope increases to 30-71 degrees, the difference 
between the day and night-time temperature 
decreases. The fact that the highest temperatures 
were found on slopes between 30 and 60° is in 
accordance with the most favoured slope 
preferences determined in this study. As a result, 
building burrow systems in areas exposed to the sun 
is a type of behaviour selected during the process of 
evolution which gives the homoeothermic species 
significant advantages. The fact that most of the 
burrow systems in the areas that were studied were 
made in fields with southerly exposure supports the 
idea that this behaviour was adaptive. Furthermore, 
the burrow systems made on slopes which provide 
the greatest amount of exposure to the sun between 
sunrise and sunset also have comparatively low 
levels of humidity. Few burrow systems were 
made, and therefore few voles caught, on the slopes 
with the least exposure to the sun (North, Northeast 
and Northwest). Finally, our findings on ecological 
preferences of M. guentheri, are smilar to 1, 26 and 
27 in references. 
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ABSTRACTS 
 

environmental awareness, attitude and behavior 
levels and factors influencing their environmental 
awareness, attitude and behavior. A face-to-face 
survey with 621 candidate graduate students in the 
Ondokuz Mayis University was used to collect the 
data. The environmental awareness, attitude and 

assessments based on a five-point Likert scale. The 
ordered probit procedure was used to determine 

awareness, attitudes and behaviors. The study 

environmental awareness, attitude and behavior are 
found to be high. The probit models showed that 
both environmental attitude and behavior were 
influenced by the environmental education and 
information factors, while the socio-demographic 
factors generally have important impacts on the 

While the variables of gender had the highest 

both awareness and curiosity levels towards 
environmental news had the highest influences on 

environmental literacy levels, the departments 
should put sufficient compulsory environment 
courses on their programs, and they should focus on 
providing their graduates with environmental 
attitudes and behaviors. 
 

KEYWORDS: 
Environment, awareness, attitudes, behavior, ordered 
probit, Turkey 
 
 
INTRODUCTION 
 

Natural resources are being consumed at a 
faster rate than they can be restored [1]. The 
uncontrolled and uncoordinated usage of 
environmental sources resulted in environmental 
problems such as deforestation, loss of biodiversity, 
pollution, ozone depletion, global climate change 

and over-consumption of natural resources [2, 3]. 
Environmental problems are the most vital 
problems we face today and all are mostly due to 
the human behavior [4, 5], or they are 
anthropogenic of origin [6]. Such threats to the 
environment are generally listed as industrialization, 
over population, developments in science and 
technology and increasing needs and globalization 
[7].  

Environmental issues are being eroded with 
more university education in the long run, since 
universities educate young generations expected to 
be the future leaders in many different areas in the 
society, and who will be the decision-makers and 
therefore their graduates are expected to deal with 

professional lives [8]. Students should acquire an 
appropriate range of awareness, understanding, and 
concepts about the environment while they were in 
school, so that critical judgment can be achieved [9]. 
Environmental education can help create positive 
awareness and attitudes about environmental issues, 
whilst curbing the negative role of human actions 
on the environment [10, 11]. Therefore, universities 
are sole responsibl
environmental awareness, attitudes and behaviors to 
create an environmentally sustainable future [12].  

Environment is defined as all factors affecting 
the physical, biological, socio-psychological, socio-
economic and cultural life of an individual or 
society [13]. Environmental awareness is defined as 
an understanding of natural systems combined with 
how they interact with human social systems [14], 
while many consider this as the ultimate driving 
force that stimulates knowledge [15]. Contrarily, 
environmental attitude is defined as learned 
tendencies in the form of consistent behaviors 
against environment either positive or negative [16], 
providing a good understanding of the set of beliefs, 
interests or rules that influence environmentalism or 
pro-environmental action [17]. On the other hand, 
behavior is what people do, whether it is 
environmentally appropriate or inappropriate [18]. 
Since environmental behavior is considered as the 
basis of the environmental crisis, social scientists 
have long been interested in the causation of this 
behavior [1].  



by PSP Volume 25  No 7/ 2016  pages 2539-2553    Fresenius Environmental Bulletin  

2540 

The rise of environmental issues has produced 
many studies with students on explaining the 
variation in individual knowledge, awareness, 
attitudes and behaviors toward the environment. 
Aklin et al. [19] attempted to identify the main 
determinants which predict a person's awareness of 
environmental issues, while many other researches 
revealed the relation between environmental 
awareness, concern, knowledge and behavior [20-
27]. In parallel, some other researchers have 
investigated whether schools [1] and infusions of 
environmental education [28] make a difference in 
environmental awareness and attitudes among 
students. Ogunbiyi and Ajiboye [29] examined pre-

ge and attitudes to some 
environmental education concepts. Grob [30] 
estimated a structural model for environmental 
attitudes and behaviors, whilst Bradley et al. [10] 
and Kaiser et al. [31] overemphasized that attitude 
is the most important factor affecting individual 
behavior. While Klöckner [32] and Masud and Kari 

environmentally relevant behaviors, Tanner [34] 
identified prevalent constraints inhibiting 

Environmental awareness, attitudes and behaviors 
may vary with gender, age, education, income, 
family, residence, country, political tendency, 
knowledge/awareness of the environment, school 
and etc. [35-38]. 

In Turkey, researchers have investigated 
vironmental knowledge, 

responsibility, risk perceptions, attitude, and 
behaviors. For example, Beyhun et al. [39] 

perception levels and their determinants in one of 
tress, 

damage of ozone layer and motor vehicle accidents 
were found as high or very high risk factors 
towards environment. On the other hand, Yilmaz et 

environmental knowledge levels and determined 
that the environmental education was not sufficient 
enough so that students generally tended to obtain 
information about environmental issues from the 
media. Contrarily, Sadik and Sadik [41] 
investigated environmental knowledge and attitudes 
of those who are teacher candidates at Cukurova 
University and found that they had a moderate 
environmental knowledge level and positive 
environmental attitude, but with a low level of the 
environmental behavior. In parallel, a study 
conducted among science teacher candidates in 
thirteen universities in the country to obtain their 
environmental attitudes found very high level of 
environmental attitudes of candidates [42]. Similar 
results were also echoed in other studies [43-49]. 
However, to our knowledge there was no specific 
study to investigate awareness, attitudes and 
behavior levels of the candidate graduates towards 

environmental issues and how their 
determinants affect perceptions of these issues. 
Therefore, this study was to identify this 
relationship and levels of awareness, attitudes and 
behavior among the students of the Ondokuz Mayis 
University in Turkey who would soon graduate.  

Universities have the responsibility to prepare 
their graduates for preserving the environment. 
Every department is related with the environment 
and 
somehow effect the environment. Therefore, every 
department should prepare responsible graduates 
for a more livable environment. The emerging 
interest of universities to participate in the increase 
in the consciousness of environmental values makes 

environmental awareness, attitude and behavior. 
However, it is very important to explore if the time 
students spend at the university actually improves 
their environmental awareness, attitude and 
behavior. Determining environmental awareness, 
attitude and behavior of the candidate graduates is 
also crucial in establishing the sustainability of a 
community.  

Based on the logical approach described in the 
previous section, it is an important task to analyze 
the levels of awareness, attitudes and behavior 
attributed to environmental issues by university 
students, since it can present significant results to 
draw appropriate decisions about the effective 
educational programs for students who are currently 
enrolled and future generations on environmental 
issues. The aim of this study was to determine the 
environmental awareness, attitude and behavior 
levels of the students and understand how socio-
demographic, economic, and environmental-related 
factors influence their environmental awareness, 
attitude and behavior. The research results can 
contribute to the program curricula and shed light 
on penetrative protection of the environment those 
policy makers of local in particular and central 
government in general seek for. 
 
 
MATERIALS AND METHODS 
 

Ondokuz Mayis University is a state 
university and has totally 52,301 undergraduate and 
graduate students at 5 graduate institutions, 16 
faculties, 2 colleges, 1 conservatory and 12 
vocational schools [50]. The population of this 
study includes all candidate students for graduation 
at the undergraduate programs of the departments, 
which are somehow related with environment, 
under the body of the faculties of Ondokuz Mayis 
University. Totally 621 students participated in the 
study, and the number of participant students from 
the departments were as follows: Agricultural 
Economics (26), Agricultural Construction and 
Irrigation (20), Horticulture (27), Plant Protection 
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(31), Field Crops (24), Agricultural Biotechnology 
(32), Agricultural Machinery (20), Soil Science and 
Plant Nutrition (30) and Animal Science (18) all 
from the College of Agriculture, and Environmental 
Engineering (43), Food Engineering (55) and 
Industrial Engineering (42) from the College of 
Engineering, while Biology (37), Chemistry (33) 
and Geography (89) from the College of Science 
and Education, and lastly Science Teacher (72) and 
Biology Teacher (22) from the College of 
Education.  

This study used a survey technique to collect 
the data. The technique aims to reveal a past or 
current phenomenon [51] or de
views or characteristics such as interest, skill and/or 
attitude [52]. The survey consisted of totally 64 
questions and four parts: The first part contained 12 
items to measure socio-demographic and economic 
characteristics of the students such as age, gender, 
family size, education of mother and father, 
residence, monthly income of family, information 
sources on environment, frequency of following 
environmental news, research and developments, 
the most important institution about environment, 
membership to environmental organizations, and 
whether the student has taken courses about the 
environment. The second part included 26 items to 

The third part contained 11 items to measure the 
studen

environmental behaviors. The Likert scale 
measurement was used for every statement of 
environmental awareness, attitude and behavior on 
a 5 point scale. Each alternative item is assigned 
from 5 (strongly agree) to 1 (strongly disagree) for 
favorable items. In case of unfavorable items (2, 5, 
7, 9, 10, 11, 13, 16, 18, 20, 21, 23, 36, 37 and 40) in 
Table 3, the scoring is reversed from 1 (strongly 
agree) to 5 (strongly disagree). The students were 
asked to indicate whether they agree or disagree 
with each item, as well as the magnitude of their 
agreement or disagreement. The students were then 
categorized in three groups according to their 
average response score for the questions. The 
student who scored less than 2.5 was classified 
under the low environmental awareness, attitude 
and behavior group, 2.5 to 3.5 was classified under 
the moderate environmental awareness, attitude and 
behavior group, and more than 3.5 was classified 

under the high environmental awareness, 
attitude and behavior group.  

attitude and behavior scores were given in Table 1 
based on their statements. To calculate and interpret 
the mean values of the level of agreement for each 
item of awareness, attitude and behavior, an 
interpretative scale was developed as follows: If the 
mean value was less than 2.5, it meant the 
participant strongly disagreed or disagreed. If the 
mean value was from 2.5 to 3.5, it was neutral, and 
if the mean value was higher than 3.5, it meant that 
the participant agreed or strongly agreed. Based on 
this scale, of 26 environmental awareness 
statements, while 21 statements were agree or 
strongly agree, 3 awareness statements were neutral 
and 2 awareness statements were disagree or 
strongly disagree. The three items of environmental 

environmentally conscious individuals is 
compulsory for future generations to live in a 
healthy and safe environment (m

items of environmental awareness with the lowest 

countries is a consequence of environmental 

sensitive enough towards environmental problems 

enough in Turkey (m  
Of 11 environmental attitude statements, while 

10 statements were agree or strongly agree, only 1 
statement was neutral. The three items of 
environmental attitude with the highest means were 

three items of environmental attitude with the 
k I am very sensitive 

the option of highway construction to the protection 

I prefer technological development to noise 
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TABLE 1 
Average awareness, attitude and behavior scores. 

 
 Statements Level 

L
ow

  

M
od

er
at

e 
 

H
ig

h 
 

G
en

er
al

 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  A

w
ar

en
es

s 

1.Creating environmentally conscious individuals is compulsory for future generations to live in a healthy 
and safe environment*** 1.33 3.77 4.60 4.41 
2.Using insecticides and herbicides for agriculture is not harmful for the environment*** 1.33 3.38 4.55 4.29 
3.Environmental activities help raise awareness of environmental issues*** 1.50 3.73 4.42 4.25 
4.Environmental protection is a constitutional obligation** 2.00 3.63 4.37 4.21 
5.Field activities related to the environment are a waste of time, within class activities are important*** 1.83 3.53 4.39 4.20 
6.If universities carry out more activities on environment, it will help better understand environmental 
issues*** 1.50 3.57 4.38 4.19 
7.Protecting the environment is a duty of the state, not people** 2.17 3.65 4.24 4.10 
8.Human mistreat the environment ** 2.00 3.45 4.23 4.05 
9.Environmental education activities are useful only for children*** 1.17 3.57 4.19 4.04 
10.A squatter is not an environmental problem** 2.00 3.28 4.23 4.02 
11.I believe that environmental problems are exaggerated. 2.67 3.38 4.19 4.02 
12.Rapid population growth is a serious environmental problem** 2.00 3.32 4.15 3.97 
13.Air, water and soil are inexhaustible resources*** 1.17 3.20 4.19 3.96 
14.Necessity of using water filters at homes is an indicator of water pollution*** 1.50 3.52 4.08 3.94 
15.Being sensitive to the environmental problems is not an obstacle for the development of a country*** 1.83 3.38 4.09 3.93 
16.The idea of environmental protection was invented by western people to prevent the development of 
developing countries 2.67 3.45 4.03 3.90 
17.I increasingly need more information about the effects of our activities on the environment*** 1.83 3.42 4.00 3.86 
18.There is no desertification problem in Turkey*** 1.83 3.28 3.96 3.80 
19.Immigration affects negatively environmental problems 2.50 3.17 3.95 3.79 
20.Delivering environmental education does not help solving environmental problems** 1.83 3.09 3.89 3.71 
21.No international institution or organization should intervene on using the natural resources.    2.33 3.02 3.81 3.64 
22.There have not been enough protest meetings for protecting the environment in Turkey.  2.50 2.97 3.55 3.42 
23.The increase of natural gas usage in Turkey did not contribute to the solution of the air pollution problem. 

2.67 3.05 3.44 3.36 
24.The malnutrition in underdeveloped countries is a consequence of environmental problems.  2.67 2.65 3.23 3.11 
25.The university is not sensitive enough towards environmental problems*** 4.00 2.52 2.32 2.37 
26.Environmental education is not enough in Turkey*** 4.67 2.16 1.80 1.89 

   
   

   
   

   
   

 A
tti

tu
de

  

27.People who spit on or litter the ground should be interfered.** 2.50 3.89 4.58 4.43 
** 2.50 4.00 4.50 4.38 

29.Courses of environment must be practical.** 2.33 3.92 4.51 4.37 
30.People who pollute the environment should be fined.** 2.50 3.91 4.50 4.36 
31.Newspapers, magazines and televisions should make more programs about environmental issues.** 2.67 3.95 4.48 4.36 
32.I love to visit recreation areas outside of the city.** 2.33 3.99 4.47 4.36 
33.Courses about environment should be compulsory.   2.83 3.36 4.23 4.05 
34.Regardless of their position, any country engaging in nuclear testing should be protested. 2.67 3.45 3.77 3.70 
35.I think I am very sensitive about environmental issues.** 2.50 3.39 3.73 3.65 
36.I prefer the option of highway construction to the protection of plant species. 

2.83 3.13 3.74 3.61 
37.For my country, I prefer technological development to noise pollution.    2.50 3.08 3.38 3.32 

   
   

 B
eh

av
io

r 
 

38.I take care of using both sides of papers when I write something.** 2.67 3.91 4.32 4.22 
39.I usually economically use resources such as water and electricity. 2.17 3.77 4.13 4.04 
40.When I am outside of the room, I do not turn the lights off, because I think it does not consume energy 
very much. 3.83 3.62 3.97 3.90 
41.I like participating in the environmental protection activities, because it is the best way to understand the 
environment.** 2.50 3.37 3.94 3.82 
42.I often talk about environmental issues with people around me.* 2.33 3.29 3.82 3.71 
43.I often watch television programs about environmental issues. 2.67 3.22 3.72 3.61 
44.I usually use public transports such as the tram in order to avoid air pollution.*  

2.50 3.34 3.57 3.52 
45.I usually read publications on the environmental issues. 3.00 3.17 3.59 3.50 
46.I take care of buying recycling packaged products in my daily life. 3.00 3.08 3.57 3.46 
47.I take care of collecting household waste separately in my daily life. 3.00 2.89 3.38 3.28 
48.I take care of consuming products which do not contain harmful substances to the ozone layer. 3.33 2.99 3.35 3.28 
49.I choose courses about environment as elective courses at the university. 3.33 2.66 3.36 3.23 
50.I vote politicians who are concerned about environmental protection. 2.50 2.97 3.29 3.22 
51.When I get a chance, I plant seedling. 2.83 3.03 3.14 3.11 
52.I join actively in activities of environmental issues. 3.33 2.78 2.85 2.84 

***, **, * denote that there are statistical differences among the groups at 1%, 5% and 10% significance 
levels, respectively. 
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Of 15 environmental behavior statements, 8 
statements were agree or strongly agree, 7 
statements were neutral. The three items of 
environmental behavior with the highest means 

economically use resources such as water and 
ele
the room, I do not turn the lights off, because I 
think it does not consume energy very much 

politicians who are concerned about environmental 

 
The questionnaire was pre-tested and modified 

to improve its reliability. The questionnaires were 
conducted with students at the beginning of classes 
by lecturers in May 2015. The students answered 
the survey questions in about 15 minutes. SPSS 
17.0 and Limdep 10 software programs were used 
for data analysis. 

Descriptive statistics were used to 
identify variables reflecting socio-demographic and 
economic characteristics and environmental 
awareness, attitude and behaviors of the students. 
To compare the socio-demographic and economic,  
and environmental variables in which students were 
identified low, moderate and high for subsequent 
awareness, attitude and behavior groups, ANOVA 
and Kruskal Wallis tests were used for parametric 
and non-parametric variables, respectively. The 
ordered probit model was used to determine the 
environmental awareness, attitude and behaviors of 
the students by means of socio-demographic, 
economic and environmental variables.  

Definitions of variables were presented in 
Table 2. The dependent variable had three response 
categories for which students have stated their 
understanding levels of environmental awareness, 
attitude and behavior. Since the dependent variable 
takes discrete values and these values are inherent 
ordinal ranking, the ordered model fits the data best 
[53-56]. 

 
 

TABLE 2 
Definitions of the model variables. 

 
Variable name Variable definition 
GENDER Female=0, Male=1 
AGE Age (year old) 
HOUSHSIZE Household size (people) 
MOTHEDUC Mother education (year) 
FATHEDUC  Father education (year) 
RESIDENCE If student lives in rural residences =1, other = 0  
FAMINCOM  Household monthly income ( , Turkish Lira) 
ENVCOUR If the student takes two or more courses about environment =1, other = 0 
INFSMEDIA  If the main information source of environmental awareness is the media =1, others=0    
INFSUNIV If the main information source of environmental awareness is university =1, others=0    
INFSINST If the main information source of environmental awareness is the state institutions =1, 

others=0    
FENVNEWS If student follows usually or always environmental news =1, other = 0 
MEMENVO If student is a member of voluntary environmental organizations=1, other=0  
ENVAWARL -3.5= moderate 

 
ENVATTL -3.5= moderate sense level 

  
ENVBEHL -3.5= moderate behavior 
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The ordered model, for which the dependent 
variable was coded 0 as low, 1 as moderate, and 2 
as high each for awareness, attitude or behavior, is 
expressed as 

 
 

 
* , | , | 0, | 1i i i i i i i i iy F E and Var  

     (1) 

 
where y* 

variable,   is a vector of coefficients to be 
estimated, x is a vector of explanatory variables, a 
vector of error terms (e.g., we assume normal 

distribution as [0,1]) and F stands for any 
distribution that a researcher might consider. 

The above observation mechanism results from 
a complete censoring of the latent limited 
dependent variable as follows: 

0

0 1

1 2

0 ,

1 ,

2 ,

i i

i i

i i

y if y

y if y

y if y

 

 
 
     (2) 

 
where y is the observed counterpart to y* , 

while j represents the threshold values or the cutoff 
points. The cutoff points vary with the individual 
respondents. We expect students with similar socio-
demographic and economic characteristics, and 
environmental awareness, attitude or behavior to 

have similar cutoff points, resulting with the cutoff 
points being normally distributed [57, 58]. 

If we assume that the is normally distributed 
across observations, then the probability of 
choosing a specific ranking by a respondent can be 
expressed as [54, 57, 59]. 

 
*

1Pr Pr

0,1,2.

i i j i j iob y j ob y is in the jth range

j
 

     
     (3) 

 where  is the normal cumulative density 
function (cdf), j and j+1 represent the upper and 
lower threshold values for category j, respectively. 

Note that μ-1 = - 0 = 0.These probabilities 
are specifically as follows: 
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        The log likelihood function is: 
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     (5) 

Marginal effects were calculated to determine a 
unitary effect of each exogenous variable on each 
of the three categories of the dependent variable. 

The marginal effect of a continuous variable for the 
ordered probit model for three categories can be 
calculated as [57, 60]. 
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where is the normal probability density 
function. Marginal effects for a dummy variable, on 
the other hand, can be calculated as the difference 

between  of the corresponding probability with 
and without the presence of the variable in question. 
For example, 

 

1 0

Pr 0

m m

i
i i

x x
m

ob y

x
 

 
     (7) 

The standard errors of these marginal effects 
can be obtained by utilizing the delta method. 

 
 

RESULTS AND DISCUSSIONS 
 

Descriptive statistics of the variables used in 
the models were presented in Table 3. Regarding 
socio-demographic and economic variables, while 
57% of the students were male, 43% of the students 
were female. There were statistical gender 
differences among the groups in terms of awareness 
and behavior (p<0.00 and p<0.05). The average age 
of the students was 23 years old, and there were 
statistical differences among the groups in terms of 
age (p<0.10). The average household size was 5.04, 
and there were not statistical differences among the 
groups in terms of household size. While the 
average education duration of mothers and fathers 
were about 7 and 9, respectively, there were 
statistical differences among the groups in terms of 
the mother education duration (p<0.01). While 16.1% 
of the students were from the rural residences, 83.9% 
of the students were from the urban residences. 
There were statistical differences among the 
environmental awareness groups in terms of 
residence (p<0.05). The average family monthly 
income was  2.5 thousand, and there was no 
statistical difference among the groups in terms of 
income.     

Regarding environmental variables, 64.7% of 
the students took two or more courses about 
environment and there were statistical differences 
among the environmental attitude and behavior 
groups in terms of the number of courses taken 
(p<0.05 and p<0.10). While 81% of the students 
use the media as a main information source about 
environmental issues, 22.5% and 18.4% of the 
students use university and other institutions as a 

main information source, respectively. There were a 
statistical difference among the environmental 
attitude and behavior groups in terms of the 
variable of university information source (p<0.05 
and p<0.01, respectively). Fifty eight percent of the 
students follow usually or always environmental 
news, and there were statistical differences among 
the environmental awareness, attitude and behavior 
groups in terms of the following frequency of 
environmental news (p<0.01). Only 10.5% of the 
students were members of an environmental 
organization, and there were statistical differences 
among the environmental awareness and behavior 
groups in terms of membership (p<0.05 and 
p<0.01). The average environmental awareness 
score was 3.80, and this meant that the students had 
a high level of environmental awareness. There 
were statistical differences among the 
environmental attitude and behavior groups in 
terms of environmental awareness (p<0.01). The 
average environmental attitude score was 4.05, 
indicating that the students had a high level of 
environmental attitude. There were statistical 
differences among the environmental behavior 
groups in terms of environmental attitude (p<0.01). 
The average environmental behavior score was 3.52, 
and this indicates that the students had a high level 
of environmental behavior. There were statistical 
differences among the groups in terms of 
environmental awareness, attitude and behavior. 
Our results echoed with previous findings. For 
example, Ozsoy [42] indicated that pre-service 
science teachers had a high level of environmental 
attitudes, whilst Altinoz [61] concluded that the 

environmental attitudes were found to be at a high 
level and contrarily their environmental knowledge 
and behavior occurred at low levels. However, 
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TABLE 3 
Descriptive statistics of the variables used in the environmental awareness, attitude and behavior 

models.

Variables General 
(N=621) 

Environmental awareness level Environmental attitude level Environmental behavior level 

Low 
(n=6) 

Moderate 
(n=122) 

High 
(n=493) 

Low 
(n=16) 

Moderate 
(n=166) 

High 
(n=539) 

Low 
(n=27) 

Moderate 
(n=252) 

High 
(n=342) 

GENDER 0.433 
(0.496) 

0.833*** 

(0.408) 
0.549 

(0.500) 
0.400 

(0.490) 
0.438 

(0.512) 
0.500 

(0.504) 
0.425 

(0.495) 
0.444** 

(0.506) 
0.500 

(0.501) 
0.383 

(0.487) 
AGE  23.068 

(2.815) 
22.167* 

(0.753) 
22.598 
(1.689) 

23.195 
(3.033) 

23.688* 

(3.995) 
22.485 
(1.491) 

23.193 
(2.799) 

23.259* 

(2.105) 
22.683 
(2.352) 

23.336 
(3.133) 

HOUSHSIZE 5.040 
(1.776) 

4.667 
(1.033) 

4.779 
(1.561) 

5.110 
(1.828) 

5.250 
(1.844) 

5.106 
(1.781) 

5.026 
(1.776) 

5.407 
(2.325) 

4.929 
(1.603) 

5.094 
(1.847) 

MOTHEDUC 6.628 
(3.761) 

3.167*** 

(2.137) 
7.975 

(4.204) 
6.337 

(3.571) 
6.438 

(3.705) 
7.478 

(4.178) 
6.529 

(3.703) 
5.852 

(3.890) 
6.743 

(3.832) 
6.604 

(3.702) 
FATHEDUC  8.940 

(3.911) 
7.167 

(5.193) 
9.298 

(3.848) 
8.873 

(3.910) 
8.500 

(3.983) 
9.035 

(4.199) 
8.942 

(3.879) 
8.222 

(3.588) 
9.030 

(4.034) 
8.931 

(3.848) 
RESIDANCE 0.161 

(0.368) 
0.333** 

(0.516) 
0.082 

(0.275) 
0.178 

(0.383) 
0.188 

(0.403) 
0.212 

(0.412) 
0.154 

(0.361) 
0.222 

(0.424) 
0.143 

(0.351) 
0.170 

(0.3769) 
FAMINCOM  2467.021 

(2064.585) 
1750.000 

(1036.822) 
2331.230 

(1131.474) 
2509.351 

(2243.444) 
2368.750 

(1285.156) 
2356.515 

(1254.041) 
2483.469 

(2161.963) 
2218.148 

(1015.480) 
2513.135 

(1984.762) 
2452.690 

(2182.917) 
ENVCOUR 0.647 

(0.478) 
0.667 

(0.516) 
0.574 

(0.497) 
0.665 

(0.472) 
0.750** 

(0.447) 
0.455 

(0.502) 
0.668 

(0.471) 
0.630** 

(0.492) 
0.587 

(0.493) 
0.693 

(0.462) 
INFSMEDIA  0.810 

(0.393) 
0.667 

(0.516) 
0.803 

(0.399) 
0.813 

(0.390) 
0.750 

(0.447) 
0.803 

(0.401) 
0.813 

(0.391) 
0.815 

(0.396) 
0.845 

(0.362) 
0.784 

(0.412) 
INFSUNIV 0.225 

(0.418) 
0.167 

(0.408) 
0.172 

(0.379) 
0.239 

(0.427) 
0.188** 

0.403 
0.106 
0.310 

0.241 
0.428 

0.185*** 

(0.396) 
0.167 

(0.373) 
0.272 

(0.446) 
INFSINST 0.184 

(0.387) 
0.167 

(0.408) 
0.164 

(0.372) 
0.189 

(0.392) 
0.063 
0.250 

0.212 
0.412 

0.184 
0.388 

0.185 
(0.396) 

0.151 
(0.359) 

0.208 
(0.406) 

FENVNEWS 0.580 

(0.494) 
0.667*** 

(0.516) 
0.418 

(0.495) 
0.619 

(0.486) 
0.500*** 

0.516 
0.258 

 0.441 
0.622 
0.485 

0.296*** 

(0.465) 
0.349 

(0.478) 
0.772 

(0.420) 
MEMENVO 0.105 

(0.307) 
0.000** 

(0.000) 
0.041 

(0.199) 
0.122 

(0.328) 
0.125 
0.342 

0.030 
0.173 

0.114 
0.318 

0.037*** 

(0.192) 
0.060 

(0.238) 
0.144 

(0.351) 
ENVAWARL 3.797 

(0.401) 
2.135 

(0.180) 
3.274 

(0.232) 
3.934 

(0.262) 
3.124*** 

0.738 
3.446 
0.421 

3.849 
0.343 

3.459*** 

(0.661) 
3.682 

(0.411) 
3.890 

(0.327) 
ENVATTL 4.053 

(0.580) 
2.561 

(1.156) 
3.644 

(0.624) 
4.172 

(0.481) 
2.801 

(0.742) 
2.985 

(0.426) 
3.602 

(0.511) 
3.064*** 

(0.874) 
3.875 

(0.534) 
4.262 

(0.445) 
ENVBEHL 3.516 

(0.556) 
2.867*** 

(0.481) 
3.206 

(0.586) 
3.601 

(0.517) 
2.801*** 

(0.742) 
2.985 

(0.426) 
3.602 

(0.511) 
2.193*** 

(0.274) 
3.119 

(0.264) 
3.913 

(0.304) 

Note: The numbers in parentheses indicate standard deviations. ***, **, * denote that there are statistical 
differences among the groups at 1%, 5% and 10% significance levels, respectively 
 
 
Erkal 
environmental attitudes as above the medium level, 
while Karatekin [62] determined social science 

behavior and literacy levels as intermediate. Timur 
[63] found that the environmental knowledge and 
behavior levels of science education candidate 
teachers as intermediate, and their level of 
environmental attitude were high. 

Estimates of the ordered probit for the 
probabilities of the environmental awareness, 
attitude and behavior of the students were presented 
in Table 4. The chi-square value for the 
environmental awareness (69.83 with 12 degrees of 
freedom) was statistically significant at the 0.01 
level of probability. The estimated threshold value 
was positive and statistically significant (μ=1.655) 
at the same level of probability. This indicated that 
there was a natural ordering among the three 
response categories of environmental awareness of 
the students. Thirteen independent variables were 
included in the ordered probit model, and the 
estimated coefficients of these variables were tested 
using t-test statistics. Of the 13 independent 
variables, 7 socio-demographic and economic 
characteristics and, 6 environmental education  
 

 
 
characteristics were statistically significant at the 
0.10 level of probability or better. The statistically 
significant socio-demographic and economic 
variables were gender, age, mother education, 
father education, residence and family income. 
Fernandez-Manzanal et al. [17] underlined also that 
socio-demographic development had an important 
role in the formation and growth of environmental 
awareness. However, Fransson and Garling [21] 
found that residential area had influences on 
environmental concern. The significant 
environmental variables were environmental 
courses taken, information source of media and 
usually or always following environmental news. 
This is because as the students are more likely from 
rural areas and generally follow environmental 
news from media. Some studies [40, 64, 65] stated 
that university students in Turkey had usually got 
their environmental knowledge from the mass 
media. However, Sadik and Sadik [41] determined 
that the internet and television as the most 
important factors in raising the university s
environmental awareness. However, the variables 
of household size, university and other institutions 
as main information sources and membership to 
environmental clubs or organizations had no 
statistical influence on the environmental awareness. 
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The results indicate that the environmental 

education, family income and number of 
environmental courses taken boost. Timur et al. [49] 
found that pre-
classes significantly increased their environment  
awareness  levels  which  did  not  statistically  
differ  their  behaviors  towards environment. On 
the other hand, the likelihood of the environmental 
awareness of the student would be higher with 
younger and less educated mother. Of the 
socioeconomic variables, the marginal effect for 
gender indicated that if the student was male, his 
likelihood of having a high environmental 
awareness decreased by 16.8% points. However, 
the likelihood of having a moderate and low 
environmental awareness increased by 1.84 and 
0.11% points, respectively. This is because women 
tended to display a higher level of commitment and 
responsibility than men in social aspects and 
collective actions [17], and they were more 
environmental sensitive [22, 41, 66]. Previous 
studies [17, 44, 67-70] echoed with our findings. 
The marginal effect for age indicated that if the 
student had a higher age, his likelihood of having a 
high environmental awareness increased by 1.95% 
points. However, the likelihood of having a 
moderate and low environmental awareness 
decreased by 1.84 and 0.11% points, respectively. 
If the mother had a longer education duration, his 
likelihood of having a high environmental 
awareness decreased by 1.8% points. However, the 
likelihood of having a moderate and low 
environmental awareness increased by 1.7% and 
0.0015% points, respectively. If the father had a 

longer education duration, his likelihood of 
having a high environmental awareness increased 
by 1.0% points. However, the likelihood of having 
a moderate and low environmental awareness 
decreased by 1.0 and 0.1% points, respectively. If 
the student was from rural areas, his likelihood of 
having a high environmental awareness increased 
by 11.0% points. However, the likelihood of having 
a moderate and low environmental awareness 
decreased by 10.5 and 0.5% points, respectively. If 
the student took more than two courses about 
environment, his likelihood of having a moderate 
environmental awareness increased by 5.8% points. 
However, the likelihood of having a low 
environmental awareness decreased by 5.5 percent. 

If the information source of the student was 
the media, his likelihood of having a high 
environmental awareness increased by 9.29% 
points. However, the likelihood of having a 
moderate and low environmental awareness 
decreased by 8.7 and 0.6% points, respectively. If 
the student usually or always followed 
environmental news, his likelihood of having a high 
environmental awareness increased by 10.4% 
points. However, the likelihood of having a 
moderate and low environmental awareness 
decreased by 9.8 and 0.6% points, respectively. 

The chi-square value for the environmental 
attitudes (61.26 with 13 degrees of freedom) was 
statistically significant at the 0.01 level of 
probability. The estimated threshold value was 
positive and statistically significant (μ=0.947) at the 
same level of probability. This indicated that there 
was a natural ordering among the three response 
categories of the environmental attitudes of students. 

 
 

TABLE 4 
vior. 

 Environmental awareness Environmental attitude Environmental behavior 
 
Coeff. 

Marginal effect  
Coeff. 

Marginal effect  
Coeff. 

Marginal effect 
Y=0 Y=1 Y=2 Y=0 Y=1 Y=2 Y=0 Y=1 Y=2 

GENDER -0.626***  0.010**  0.156*** -0.167***  0.107 -0.003 -0.015  0.019 -0.237**  0.007*  0.086** -0.093** 

AGE  0.075*** -0.001** - 0.018***  0.019*** -0.068***  0.002***  0.010*** -0.012*** -0.025  0.000  0.009 -0.010 
HOUSHSIZE  0.040 -0.000 -0.009  0.010 -0.033  0.001  0.004 -0.006 -0.030  0.000  0.011 -0.011 
MOTHEDUC  -0.069***  0.000**  0.017*** -0.018*** -0.012  0.000  0.001 -0.002 -0.002  0.000  0.001 -0.001 
FATHEDUC  0.038* -0.000 -0.009*  0.010*  0.058***  -0.002** -0.008***  0.010** -0.001  0.000  0.000 -0.000 
RESIDANCE  0.505*** -0.004** - 0.105***  0.110***  0.026 -0.000 -0.003  0.004  0.149 -0.004 -0.054  0.058 
FAMINCOM  0.000**  0.000  0.000**  0.000*  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
ENVCOUR  0.220* -0.055*  0.058*  0.000 -0.011  0.001 -0.002  0.000  0.113 -0.003 -0.041  0.044 
INFSMEDIA   0.328** -0.006 -0.086*  0.092*  0.209 -0.008 -0.032  0.041 -0.306**  0.007**  0.110** -0.118** 

INFSUNIV  0.200 -0.002 -0.046  0.049  0.307 -0.009* -0.041*  0.050*  0.150 -0.004 -0.054  0.058 
INFSINST  0.188 -0.002 -0.043  0.045  0.013 -0.000 -0.001  0.002 -0.053  0.001  0.019 -0.021 
FENVNEWS  0.392*** -0.006* - 0.098***  0.104***  0.437***  -0.017** -0.066***  0.083***  1.002*** -0.04*** -0.340***  0.383*** 

MEMENVO -0.001  0.000  0.000 -0.000 -0.001  0.000  0.000 -0.000  0.001  0.000 -0.000  0.000 
ENVAWARL      0.799*** -0.028*** -0.117***  0.146*** -0.155  0.056 -0.061  0.000 
ENVATTL          0.802** -0.02*** -0.291***  0.316*** 

Mu                      : 1.65509***  0.94684***  2.11599*** 
Log-Likelihood :    -305.25056  -252.19175  -405.23229 
Chi squared        : (12) 69.82779  (13) 61.25905  (14) 221.43063 
McFadden R2      : 0.1026383  0.1082999  0.2145864 
N                        :  621  621  621 

***, **, * denote significance levels at 1%, 5% and, 10%, respectively. 
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Fourteen independent variables were included in 
the ordered probit model and the estimated 
coefficients of these variables were tested using t-
test statistics. The statistically significant socio-
demographic variables were age and father 
education. The significant environmental variables 
were environmental awareness and following 
environmental news. However, the variables of 
household size, university and other institutions as a 
main information sources and membership to 
environmental clubs or organization had no 
statistical influence on the environmental attitude. 
The results verified the likelihood for 
environmental attitudes increases with a decrease in 

environmental attitude started at a very early age, 
and if there was no important experience or 
circumstances, it did not change easily. However, 
Masud and Kari [33] concluded that age had a 
positive influence on environmental attitudes. Ercan 
and Bilen [70] determined that education levels of 
both mother and father did not play a role on their 
environmental attitudes, whilst Ozsevgec and Artun 
[72] underlined that educated parents with 
sufficient knowledge about the environment would 
transfer these information and experiences to their 
children, and they could develop positive 
environmental attitudes. As a student had a higher 
environmental awareness score and usually or 
always followed environmental news, it was likely 
that his environmental attitudes would be higher. 
Masud and Kari [33] found also that environmental 

perception and attitudes. Fernandez-Manzanal et al. 
[17] underlined also that it was essential to increase 
the awareness of the actions that made 
environmental problems worse and to define the 
behavior that helped prevent and mitigate these 
problems. The marginal effect for age indicated that 
if the student had an older age, the likelihood of 
having high environmental attitudes decreased by 
1.25% points. However, the likelihood of having a 
moderate and low environmental awareness 
increased by 1.01 and 0.25% points, respectively. If 

the likelihood of having high environmental 
attitudes increased by 1.08% points. However, the 
likelihood of having moderate and low 
environmental attitudes decreased by 0.87 and 0.21% 
points, respectively. If the student had a higher 
environmental awareness, the likelihood of having 
high environmental attitudes increased by 14.6% 
points. However, the likelihood of having moderate 
and low environmental attitudes decreased by 11.77 
and 2.87% points, respectively. If the student 
usually or always followed environmental news, his 
likelihood of having a high environmental attitude 
increased by 8.38% points. However, the likelihood 
of having a moderate and low environmental 

attitude decreased 6.64 and 1.74 percentage 
points, respectively.                   

The chi-square value for the environmental 
behavior (221.43 with 14 degrees of freedom) was 
statistically significant at the 0.01 level of 
probability. The estimated threshold value was 
positive and statistically significant (μ=2.116) at the 
same level of probability. This indicated that there 
was a natural ordering among the three response 

Fifteen independent variables were included in the 
ordered probit model, and the estimated coefficients 
of these variables were tested using t-test statistics. 
The statistically significant socio-demographic 
variable was only gender. The significant 
environmental variables were the environmental 
attitude, information source of media and usually or 
always following environmental news. However, 
the variables of household size, university and other 
institutions as a main information sources, 
membership to environmental clubs or 
organizations and taking environmental courses had 

environmental behavior. The results verified that if 
the student was male and used the media as the 
information source, so the likelihood of the student 
to behave environmental friendly would be less. 
Some previous studies [33, 73] contradicted with 
this phenomenon by indicating that men were more 
concerned about environmental issues, whilst some 

environment knowledge and behavior did not 
significantly differ on gender [62, 63, 74]. On the 
other hand, as the student had a higher 
environmental attitude and usually or always 
followed environmental news, the likelihood for the 
student to behave environmental friendly would be 
higher. Altinoz [61] concluded that taking 
environment classes increased the science and 
technology pre-
knowledge and behavior. Karatekin [62] found that 
while taking environment courses at the university 

behaviors. Timur et al. [48] concluded also that the 
level of environmental literacy of teacher 
candidates, who took courses on environment, was 
higher than the candidate teachers who did not. 
Monroe et al. [75] underlined also that behavior, in 
general, was supported by knowledge and attitude, 
but there was no direct cause-and-effect progression 
from knowledge to attitude and/or behavior..The 
marginal effect for gender indicated that if the 
student was male, his likelihood of having a high 
environmental behavior decreased by 9.36% points. 
However, the likelihood of a having moderate and 
low environmental behavior increased by 8.60 and 
0.76% points, respectively. However, if the main 
information source of student was the media, the 
likelihood of having a high environmental behavior 
decreased by 11.84% points. However, the 
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likelihood of having a moderate and low 
environmental behavior increased by 11.07 and 

were more environmental friendly, the likelihood of 
having a high environmental level increased by 
31.64% points. However, the likelihood of having 
moderate and low environmental levels decreased 
by 29.19 and 2.46% points, respectively. If the 
student usually or always followed environmental 
news, his likelihood of behaving more 
environmental friendly increased by 38.31% points. 
However, the likelihood of having moderate and 
low environmental levels decreased by 34.07 and 
4.23% points, respectively. 

 
 

CONCLUSIONS  
 
In this study, the average levels of 

environmental awareness, attitudes and behaviors 
of students were found to be high. Control variables 
as socio-demographic and economic factors 

environmental awareness. Our findings verified 
also that the st
behavior were generally affected by explanatory 
variables of environmental education or 
information. Gender had very high impacts on the 
environmental awareness and behaviors of the 
students in question. Thus, female students were 
more interested in environmental issues and their 
likelihood of high environmental awareness and 
behaviors were higher by 16.8% and 9.4% than 
male students, respectively. Age had an important 

awareness and attitudes, whereas, age had no 

students aged, their environmental awareness 

their environmental attitudes decreased. The 
students form the rural residences had higher 
positive environmental awareness than the urban 
residence students. This might be that the rural 
residence students were more practically involved 
with environment, so that they are obliged to 
protect their surrounding resources. While high 
level of mother education had negative influence on 

of father education had positive influence on the 
 

As the curiosity levels of the students towards 
environmental news increased, their environmental 
awareness, attitude and behavior levels increased as 
well. While the mass media as a main information 
source had an important positive influence on the 

negative influence on their environmental behaviors. 
While the students who took two or more 
environment courses had significantly higher 
environmental awareness, this had no influence on 

their environmental attitudes and behaviors.  
Since the students had taken about 3.4 environment 
courses, this number might not be enough to show 
their environmental attitude or behavior in their 

have any course or enough courses related to 
environment in their curricula of education 
programs, they may have a direct or indirect impact 

environmental awareness had the biggest positive 
influence on their environmental attitudes. Thus, if 
the students had higher environmental awareness, 
their attitudes would be more environmentally-
conscious. However, this study concluded that the 
students who had higher environmental awareness 
would not behave more environmentally-conscious. 

positive influence on their environmental behaviors. 
Thus, if the students had higher environmental 
attitudes, they would behave more environmentally-
conscious. However, our study concluded that 
environmental awareness of the students was not 
sufficient for them to put this awareness into 
practice in their daily life.  

This study provided a clear picture about the 
environmental awareness, attitude and behavior 
levels of candidate graduates from undergraduate 
programs and the determinants on their 
environmental sensitivities. Therefore, this study 
would help decision makers to improve the 
curricula of undergraduate programs and to 
formulate better strategies for conserving 
environment. Considering the results of the current 
study, the following suggestions could be put 
forward:  

awareness, the departments should put sufficient 
environment courses as compulsory on their 

focus especially on male students in the classes by 
encouraging them to participate in environmental 
conservation activities such as nature and 
environmental trips. However, it should be 
benefited actively from the leadership of female 
students on environmental education and 
conservation activities. The departments should try 

awareness by interference with older age students. 
The departments should enable the students to share 
their environmental knowledge and experiences in 
their classes and environmental activities. Since 
mass media was the main information source of the 
students, the departments should use mass media 
intensively to facilitate the transmission of 
environmental information and promote more 
positive environmental attitudes. However, mass 
media should give accurate information to the 
society on time. Providing accurate information by 
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positively. The department should prepare the 
graduates as responsible people to preserve the 
environment by bringing them environment-related 
knowledge, awareness, skills and values. In order to 

attitudes and behaviors, the departments should 

towards the environmental news, and nature 
executions or tours should be organized. To 

departments should focus on providing the students 
with environmental awareness. To increase an 
environmentally responsible behavior, the 
departments should focus on providing 
environmental attitudes to their students.  

Environmental institutions or organizations 
should focus on especially the families in urban 
areas to increase their environmental awareness by 
means of lifelong environmental education 
programs. Since the students are influenced by non-
formal environments to a great extent, the 
environmental awareness and attitudes of the 
parents should be raised by informing them about 
the difficulties of environmental problems which 
they are not even aware of. The environmental 
literacy levels of parents should be taken into 
account as an explanatory variable into the models 

attitudes and behaviors in the future researches. 
This study is limited to Ondokuz Mayis University. 
The research subject should be also conducted in 
other departments and universities to compare the 
levels of environmental literacy.  
 
 
ACKNOWLEDGEMENTS 
 

The authors thank all students participating in 
the surveys and the lecturers for their help in 
applying the surveys in Ondokuz Mayis University. 
The authors are grateful to the editor and 
anonymous referees for their very useful comments 
and suggestions. The authors gratefully 
acknowledge the help of Birol Kurt and Emine Bol 
Yazici (International Relations Office of Ondokuz 
Mayis University) in the English editing of this 
article. 
  
 
REFERENCES 
 
[1] Coertjens, L., Boeve-De Pauw, J., De Maeyer, 

S. and Van Petegem, P. (2010) Do schools 

environmental attitudes and awareness? 
Evidance from Pisa 2006. International 
Jopurnal of Science and Mathematics 
Education 8, 497-522.        

[2] Décamps, H. (2000) Demanding more 
of Landscape Research (and research). 
Landscape and Urban Planning 47, 105-109.  

[3] Thapa, B. (2001) Environmental concern: A 
comperative analysis between students in  
recreation and park management and other 
departments. Environmental Education  
Research 7, 39-53.  

[4] Watson, K. and Halse, C. M. (2005) 
Environmental attitudes of pre-service 
teachers: a conceptual and methodological 
dilemma in cross-culturel data collection. Asia 
Pasific Education Review 6 (1), 59-71.  

[5] Negev, M., Garb, Y., Biller, R., Sagy, G. and 
Tal, A. (2010) Environmental problems, 
causes, and solutions: an open question. The 
Journal of Environmental Education 4 (2), 
101-115.  

[6] Stern, P. C. (1992) Psychological dimension 
of global environmental change. Annual 
Review of Psychology 43, 269 302.  

[7] Davis, J. (1998) Young children, 
environmental education, and the future. Early 
Childhood Education Journal 26 (2), 117-123.  

[8] Corcoran, P. B. and Wals, A. E. J. (2004) 
Higher education and the challenge of 
sustainability, problematics, promise and 
practice. Dordrecht, The Netherlands: Kluwer.  

[9] Palmer, J. (1998) Environmental Education in 
the 21st Century: Theory, Practice, Progress 
and Promise. New York: Routledge.  

[10] Bradley, J. C., Waliczek, T. M. and Zajicek, J. 
M. (1999) Relationship between 
environmental knowledge and environmental 
attitude of high school students. The Journal 
of Environmental Education 30 (3), 17 21.  

[11] Salequzzman, M. D. and Stocker, L. (2001) 
The context and prospects for environmental 
education and environmental career in 
Bangladesh. Int J Sustain High Educ 2(2), 
104 121. 

[12] Corcoran, P. B., Walker, K. E. and Wals, E. J. 
(2004) A critique of case-studies and case 
stories: A sustainability in higher education. 
Environ. Education Res. 10, 7-21.  

[13] Ozmen, D., Cetinkaya, A. and Nehir, S. (2005) 

Bülteni 4(6), 330-344.  
[14] Mancl, K. M., Carr, K. and Morrone, M. 

(2003) Profile of Ohio adults with low 
environmental literacy. The Ohio Journal of 
Science 103(3), 38-41. 

[15] Madsen, P. (1996) What can universities and 
professional schools do to save the  
environment? In J. B. Callicott and F. J. da 
Rocha (Eds.), Earth Summit Ethics: toward a 
reconstructive postmodern philosophy of 
environmental education. NY: Albany State 
University of New York Press, 71-91 pp.  



by PSP Volume 25  No 7/ 2016  pages 2539-2553    Fresenius Environmental Bulletin  

2551 

[16] Perlstring, L. (1997) Measuring environmental 
attitudes: the new environmental paradigm. 
Retrieved from 
www.docstoc.com/docs/20845968/Environme
ntal-Attitude. 

[17] Fernández-Manzanal, R., Rodríguez-Barreiro, 
L. and Carrasquer, J. (2007) Evaluation of 
environmental attitudes: analyisi and results of 
a scale applied to university students. Inc.Sci 
Ed 91, 988-1009.    

[18] Hernandez, O. and Monroe, M. (2000) 
Thinking about behavior. In B. Day and M. 
Monroe (Eds.), Environmental education and 
communication for a sustainable world. 
Handbook for international practitioners (pp. 
17-22), Academy for Educational 
Development, Washington, DC.  

[19] Aklin, M., Bayer, P., Harish, S. P. and 
Urpelainen, J. (2013) Understanding 
environmental policy preferences: New 
evidence from Brazil. Ecological Economics 
94, 28-36. 

[20] Dillon, P. J. and Gayford, C. G. (1997) A 
psychometric approach to investigating the 
environmental beliefs, intentions and 
behaviours of preservice teachers. 
Environmental Education Research 3, 283-297. 

[21] Fransson, N. and Gärling, T. (1999) 
Environmental concern: Conceptual 
definitions, measurement methods, and 
research findings. Journal of Environmental 
Physhology 19, 369-382.   

[22] Tikka, P. M., Kuitunen, M.T. and Tynys, S. M. 
(2000) Effects of educational background on 

knowledge concerning the environment. The 
Journal of Environmental Education 31(3), 
12 19. 

[23] Jensen, B. (2002) Knowledge, action and pro-
environmental behaviour. Environmental 
Education Research 8(3), 325 334. 

[24] Bamberg, S. (2003) How does environmental 
concern influence specific environmentally 
related behaviours? A new answer to an old 
question. Journal of Environmental 
Psychology 23, 21-32. 

[25] Wong, K. K. (2003) The enwironmental 
awareness of university students in Beijing, 
China. J. Contemporary China 12, 519-536.  

[26] Hsu, S. J. (2004) The effects of an 
environmental education program on 
responsible environmental behavior and 
associated environmental literacy variables in 
Taiwanese  college students. The Journal of 
Environmental Education 35(2), 37-48. 

[27] McMillan, E. E., Wright, T. and  Beazley, K. 
(2004) Impact of university-level 

values. The Journal of Environmental 
Educatin 35(3), 19 28.  

[28] Hassan, A. and Ismail, M. Z. (2011) 
The infusion of environmental education in 

and attitudes towards environment in Malaysia. 
Prodecia-Social and Behavioral Sciences 15, 
3404-3409.        

[29] Ogunbiyi, J. O. and Ajiboye, J. O. (2009) Pre-

some environmental education concepts using 
value education strategies. Anthropologist 
11(4), 293-301.  

[30] Grob, A. (1995) A structural model of 
environmental attitudes and behaviour. 
Journal of Environmental Physhology 15, 
209-220.  

[31] Kaiser, F. G., Wölfing, S. and Fuhrer, U. 
(1999) Environmental attitude and ecological 
behaviour. Journal of Environmental 
Physhology 19, 1-19.   

[32] Klöckner, C. A. (2013) A comprehensive 
model of the pyschology of environmental 
behaviour-a meta analysis. Global 
Environmental Change 23, 1028-1038. 

[33] Masud, M. M. and Kari, F. B. (2015) 
Community attitudes towards environmental 
conservation behaviour. Marine Policy 52, 
138-144. 

[34] Tanner, C. (1999) Constrains on 
environmental behaviour. Journal of 
Environmental Phychology 19, 145-157.  

[35] Klaczynski, P. A. and Reese, H. W. (1990) 
Educational trajectory and action orientation: 
Grade and track differences. Journal of Youth 
and Adolescence 20(4), 441 462. 

[36] Schahn, J. and Holzer, E. (1990) Studies of 
environmental concern. The role of gender, 
knowledge and background variables. 
Environment and Behavior  22, 767 786.  

[37] Zelezny, L. (2000) Elaborating on gender 
differences in environmentalism. Journal of 
Social Issues 5(3), 443-458.      

[38] De La Vega, E. L. (2004) Awareness, 

Education: Responses from Environmental 
Specialists, High School Instructors, Students, 
and Parents. PhD Thesis, The College of 
Education, the University of Central Florida, 
Orlando, 97 p.  

[39] 
Okur, S., Ongun, M., Orçan, S. and Güler, Ç. 
(2007). Environmental risk perception of last 
grade students in Hacettepe University 
Medical Faculty within 2005-2006 education 
period. TSK Koruyucu Hekimlik Bülteni 6(5), 
345-350.      

[40] 
I. (2002) Knowledge of the secondary school 
and university students on the environment, 
environmental concepts and problems and 



by PSP Volume 25  No 7/ 2016  pages 2539-2553    Fresenius Environmental Bulletin  

2552 

suggestions. 
Fakültesi Dergisi 22, 156-162.     

[41] Sadik, F. and Sadik, S. (2014) A study on 
environmental knowledge and attitudes of 
teacher canditates. Procedia-Social and 
Behavioral Sciences 116, 2379-2385.    

[42] Ozsoy, S. (2012) A survey of Turkish pre-
 attitudes towards the  

environment. Journal of Educational Reserach 
12(46), 121-140. 

[43] Önder, S. (2006) A servey of awareness and 
behavior in regard to environmental issues 
among Selçuk University Students in Konya, 
Turkey. Journal of Applied Sciences 6(2), 
347-352.  

[44] Aydin, F. and Çepni, O. (2010) University 

problems: a case study from Turkey. 
International Journal of the Physical Sciences 
5(17), 2715-2720. 

[45] Erkal, S., Kilic, I. and Sahin, H. (2012) 
Comparison of environmental attitudes of 
university students determined via new 
environmental paradigm scale according to the 

Journal of 
Educational Reserach 12(49), 21-39.            

[46] Gürbüz, H. and Çakmak, M. (2012) An 
investigation of biology education department 

Dicle 

Dergisi 19, 162-173.    
[47] 

comparison of the attitudes of prospective 
science teachers and prospective social 
teachers towards the environment. 
International Journal of Social Science 6(7), 
687-696.    

[48] Timur, S., Timur, B. and Yilmaz, S. (2013) 
Determining primary school candidate 

Anthropologist 16(1-2), 57-67.    
[49] Timur, S., Timur, B. and Karakas, A. (2014) 

Investigating pre-
and behaviors toward environment. 
Anthropologist 17(1), 25-35.      

[50] OMU. (2015). From 
http://oid.omu.edu.tr/istatistikler/mevcutsay.

 
[51] Ka

 
[52] Buyukozturk, S., Kilic, C., Akgun, O. E., 

Karadeniz, S. and Demirel, F. (2009). Bilimsel 

Ankara.   
[53] McLean-Meyinsse, P. E. (1997). Factors 

influencing early adoption of new food 
products in Louisiana and Southeast Texas. J. 
Food Distrib. Res. 28(3), 1 10. 

[54] Abdel-Aty, M. A. (2001) Using ordered 
probit modeling to study the effect of ATIS on 
transit ridership. Transp. Res. Part C 9, 265-
267. 

[55] Boz, I. and Akbay, C. (2005) Factors 
influencing the adoption of maize in 
Kahramanmaras province of Turkey. 
Agricultural Economics 33, 431-440. 

[56] Tsui, H. C. (2014) What affects happiness: 
Absolute income, relative income or extected  
income? Journal of Policy Modelling 36, 994-
1007.    

[57] Chen, K., Ali, M., Veeman, M,, Unterschultz, 
J. and Le, T. (2002) Relative importance 
rankings for pork attributes by Asian origin 
consumers in California: Applying an ordered 
probit model to a choice-based sample. J. 
Agric. Appl. Econ. 34(1), 67 79.  

[58] Maddala, G. S. (1983) Limited-Dependent and 
Qualitative Variables in Econometrics.  
Cambridge University Press, Cambridge.  

[59] Greene, H. W. (1993) Econometric Analysis. 
Fifth Edition, Prentice Hall, New Jersey.   

[60] Liao, T. F. (1994) Interpreting Probability 
Models: Logit, Probit, and Other Generalized 
Linear Models. Sage, Thousand Oaks, CA. 

[61] 

Master Thesis (Unpublished), Sakarya 
University, Sakarya.       

[62] Karatekin, K. (2011) Sosyal Bilgiler 

Düzeylerinin Belirlenmesi. PhD Thesis 
(Unpublished), Gazi University, Ankara.      

[63] 
lerinin 

Belirlenmesi. PhD Thesis (Unpublished), Gazi 
University, Ankara.        

[64] 
Views on Global and National Environmental 
Issues. MA Thesis (Unpublished), Institution 
of Education Sciences, Gazi University, 
Ankara.     

[65] 
Environmental Problems in Turkey against the 
Biology 
Thesis (Unpublished), Institution of Education 
Sciences of Gazi University, Ankara.       

[66] Mohai, P. (1991) Men, women and the 
environment. An examination of the gender 
gap in environmental concern and activism, 
Society and Natural Resources 5, 1 19.  

[67] Davidson, D. and Freudenberg, W. (1996) 
Gender and environmental risk concerns: A 
review of available research. Environment and 
Behavior 28, 302 339. 

[68] Yilmaz, O., Boone, W. J. and Andersen, H. O. 
(2004) Views of elementary and middle 
school Turkish students toward environmental 



by PSP Volume 25  No 7/ 2016  pages 2539-2553    Fresenius Environmental Bulletin  

2553 

issues. International Journal of Science 
Education 26(12), 1527-1546.  

[69] Alp, E., Ertepinar, H., Tekkaya, C. and 
Yilmaz, A. (2006) A statistical analysis of 

attitudes in Turkey. International Research in 
Geographical and Environmental Education 
15(3), 210 223. 

[70] Ercan, O and Bilen, K. (2014) A research on 
electronic waste awareness and environmental 
attitudes of primary school students. 
Anthropologist 17(1), 13-23.   

[71] 

 
[72] Ozsevgec, T. and Artun, H. (2012) Ilkogretim 

ogrencilerinin cevreye yonelik tutumlarina 
etki eden faktorlerin degerlendirilmesi. X. 
Ulusal Fen ve Matematik Egitimi Kongresi 
27-30 Haziran, Nigde Universitesi, Nigde. 

[73] Shen, J. and Saijo, T. (2008) Re-examining 
the relations between socio-demographic 
characteristics and individual environmental 
concern: evidence from Shang-hai data. J 
Environ Psychol 28(1), 42 50.  

[74] 
S. and Sucu, M. Y. (2005) Behaviour and 

attitudes of students towards 
environmental issues at faculty of agriculture 
Turkey. Journal of Applied Sciences 5, 1224-
1227.  

[75] Monroe, M., Day, B. and Grieser, M. (2000). 
GreenCOM weaves four strands. In B Day and 
M Monroe (Eds.), Environmental education 
and communication for a sustainable world. 
Handbook for international practitioners. 
Washington, DC: Academy for Educational 
Development, pp. 3-6. 

 
 

 
Received: 04.10.2015 
Accepted: 17.12.2015 
 
 
CORRESPONDING AUTHOR 
 
Mehmet Bozoglu 
Ondokuz Mayis University,  
Faculty of Agriculture,  
Department of Agricultural Economics,  
55200 Samsun, Turkey 
 
e-mail: mehmetbo@omu.edu.tr  

 



© by PSP  Volume 25  No. 7/2016, pages 2554-2562    Fresenius Environmental Bulletin  

2554 
 

 

 
KINETICS OF THE OZONE OXIDATION OF WEAK ACID 

BRILLIANT GREEN IN AQUEOUS SOLUTION 
 

Yongjun Shen,1,2 Qihui Xu,1 Yuwei Pan,1,3 Jiandong Ding1 and Yi Wang1 
 

1 School of Chemistry and Chemical Engineering, Nantong University, Nantong 226019, China 
2 Jiangsu Eastern Coast and Yangtse River Area Development Institute, Nantong 226019, China 

3 Key Laboratory of Pollution Process and Environmental Criteria, Ministry of Education, Tianjin Key Laboratory of Urban Ecology 

Environmental Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071 

China 

 
 
ABSTRACT 

 
An ozone system was used to study the 

degradation of weak acid brilliant green and the 
kinetic model of degradation was established in this 
paper. The effects of oxygen flow rate, temperature, 
initial concentration of the weak acid brilliant green 
and pH were investigated through a series of batch 
tests. To be specific, in this study, the kinetics of 
ozonation of weak acid brilliant green were 
investigated under different experimental conditions 
in an ozone reactor (50-150 mg/L dye, 293-333 K, 
ozone flux in 16-60 L/h, pH in 1-13 range). A 
relatively suitable degradation temperature of dye 
was chosen at 293 K. The degradation rate increased 
with the increase of pH. It can be observed that with 
the increase of the initial concentration of weak acid 
brilliant green, the degradation rate decreased. 
Enhancing oxygen flow rate also enhanced the 
removal of dye. The kinetic model of weak acid 
brilliant green was established and the rate 
constants and the kinetic system of the reaction 
between ozone and dye were obtained by fitting the 
experimental data to a kinetics model based on a 
first order reaction. The ozonation processes and 
the impacts of ozone on dying wastewater 
degradation were clearly identified. 
 
 
KEYWORDS:  

Ozonation, dyes wastewater, weak acid brilliant green, 

kinetics model 

 
 
INTRODUCTION 

 
In terms of its considerable economic 

contribution, there has been a rapid development of 
dye production and consumption, and enormous 

volume of dye-containing wastewater has been 
generated.[1] The printing and dyeing wastewater is 
known to be degraded very slowly by 
microorganisms.[2] This has become an important 
issue that seriously threats the environment and 
human health.[3]  

At present, several treatment technologies 
such as adsorption[4], flocculation[5], 
electrochemical oxidation processes[6] are used to 
remove the organic matters from dye wastewater.[7] 
However, these conventional treatments still can 
not solve some problem. For example, these above 
treatments need more time to degrade printing and 
dyeing wastewater or the degradation can not meet 
the requirements of the out-water. Therefore, 
several advanced oxidation process (AOPs) have 
been proposed for the complete destruction of 
organic dyes in aqueous water.[8] In AOPs, ozone, in 
particular, has been recognized as an efficient 
oxidant for treatment of some industrial 
wastewater.[9] Ozone-based AOPs involving the 
generation of radical intermediates, particularly the 
hydroxyl radicals (·OH) which are highly reactive 
with most organic compounds,[10-12] can be widely 
used in dye industrial areas. Since ozone was very 
effective in removing color from textile wastewater, 
numerous published studies have emerged over the 
last decades.[13] However, when applied, most of 
studies completed on the treatment of wastewater 
were restricted to the exposition of experimental 
data with no inclusion of the kinetics governing the 
process. The purpose of the paper was to study 
dynamic models of ozonation based on the weak 
acid brilliant green as the object. 

In this paper, the main work of study was to 
investigate the decomposition of weak acid brilliant 
green by ozone oxidation process. More specifically, 
it was to investigate the effects of the main 
parameter influence on the degradation amount 
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such as (pH, temperature, oxygen flow rate, initial 
concentration). Dynamic model was established and 
verified according to the above experimental datum 
and detailed analyses. 
 
 
EXPERIMENTAL 

 

Experiment procedure.  The molecular 
formula of weak acid brilliant green is 
C20H13N2NaO5S. Fig. 1 showed the molecular 
structure of weak acid brilliant green and its 
UV/Vis spectrum. The ozone reactor and the 
technical processes can be seen in Fig. 2 (1.oxygen 
bottle; 2.glass rotameter; 3.ozone generator; 
4.venturi jet; 5.thermommeter; 6.thermal couple; 
7.resistance wire; 8.rotor; 9.thermostatic water bath; 
10.reactor; 11.circulating pump; 12.attemperator; 
13.KI absorption bottle). In the course of the 
experimental run, the pure oxygen in oxygen bottle 
was measured by glass rotameter and then entered 
the ozone generator for reaction. Furthermore, it 

was necessary to ensure the total flow rate remain 
unchanged. Part of the gas mixture was released to 
the outdoor after the production rate of ozone 
getting stable and the other part of the gas mixture 
evenly added into the reaction solution by Venturi 
water injector. Afterwards, the ozone contacted with 
the solution for reaction. The reaction temperature 
was indicated by thermocouple in the reaction 
process. In addition, the thermostatic water bath 
was used to control the reaction temperature, so as 
to meet the temperature condition of experimental 
operation. At the end of the reaction, the residual 
ozone in the off-gas was released into the KI 
absorption bottle, and was absorbed by the KI 
solution with mass fraction of 2%. The distilled 
water was used to clean a beaker, and to configurate 
weak acid brilliant green whose concentration was 
100 mg/L (analytical pure, Shanghai Jiaying Co., 
Ltd.). NaOH or H2 SO4 was used to adjust suitable 
pH to a certain value. The absorbance of the 
reaction solution was determined by ultra-violet and 
visible spectrophotometer (752N). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2 
Schematic diagram of experimental set-up. 

FIGURE 1 
Molecular structure and UV/Vis spectrum of weak acid brilliant green.  
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RESULTS AND DISCUSSION 

 
The analysis of the ozone degradation of 

weak acid brilliant green.  The effect of initial 
pH on weak acid brilliant green degradation.  
Fig. 3(a) showed that under the condition of weak 
acid brilliant green initial concentration of 100 
mg/L, the ozone flux of 32 L/h and temperature of 
293 K, the effects of ozone degradation were 
respectively investigated with the pH varied from 1 
to 13. 

It can be found from Fig. 3 that in the range of 
pH from 1 to 13, the degradation rate was strongly 
pH dependent. The degradation rate increased with 
the increase of pH. It was also not difficult to see 
that it had higher degradation rate at alkaline 
condition. Under the acid condition, the dominance 
of the degradation reaction of the weak acid 
brilliant green was direct oxidation of ozone 
molecules.[14] At this time the generation of 
hydroxyl radicals (·OH) was suppressed. In alkaline 
conditions, the ·OH oxidation played a leading role. 
At OH- catalytic ozone, decomposition triggered a 
chain reaction to obtain the ·OH which was more 
lively than ozone molecules. And they can quickly 
and indiscriminately reacted with weak acid 
brilliant green, so as to speed up the weak acid 
brilliant green removal rate.[15] Under alkaline 
conditions, OH- can help produce hydroxyl radicals. 
The above discussions also indirectly demonstrated 
that hydroxyl radical was indeed present. [16] 

By processing the data and fitting the figure, 
the reaction was determined for the first order 
reaction. And the changing of kobs with pH could be 
shown in the following data. What can be seen from 
Fig. 3(b) and Fig. 3(c) that kobs increased together 

with pH but they were two linear upward trend 
lines. When pH < 6.21, kobs rose faster; when the 
pH > 6.21, kobs went up slowly. Under the condition 
of low pH, the reaction was mainly related to 
molecular O3 degradation. When pH was elevated, 
OH- had a catalytic effect on ozone decomposition. 
It had generated a lot of strong oxidizing ·OH to 
promote the degradation of the weak acid brilliant 
green. When the pH was greater than a certain 
value, the increasing rate of the kobs was leveling off, 
for the ·OH from ozone decomposition was 
sufficient.[17] 

 

The influence of initial concentration of 
weak acid brilliant green degradation.  Fig. 4(a) 
showed that under the condition that pH of 6.21, the 
ozone flux of 32 L/h and temperature of 293 K, the 
effects of ozone degradation were respectively 
studied with the initial concentration of the weak 
acid brilliant green solution for 50, 75, 100, 125 and 
150 mg/L. 

It can be seen from Fig. 4(a) that with the 
increase of initial concentration, the degradation 
rate decreased. After putting into ozone, the 
instantaneously generated ·OH was changeless. 
From the principle of chemical equilibrium, the 
larger the concentration of reactant was, the more 
beneficial it was for chemical reactions to move 
forward, which was helpful to increasing 
degradation and the efficiency of ozone.[18] 
However, as the high initial concentration of 
reaction solution leaded to the high content of the 
intermediate product and made the productions of 
hydroxyl free radicals be limited so that promoted 
the reverse reaction.[19] Finally, it leaded to the 
decrease of the calculated degradation rate. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

FIGURE 3 
(a)The effect of initial pH on degradation rate, (b)The pseudo-first-order kinetics fitting curve in different initial pH, 

(c)The diversification of kobs in different pH. 
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By processing the data and fitting the figure, 

the reaction was determined for the first order 
reaction. And the changing of kobs with initial 
concentration could be shown in the following 
figures. From Fig. 4(b) and Fig. 4(c), it could be 
seen that kobs decreased from 1.32 to 0.83 when the 
initial concentration of the weak acid brilliant green 
increased from 50 mg/L to 150 mg/L, and the 
change of kobs with concentration was very obvious. 
This was because that there were the intermediate 
products in the reaction process, which participated 
in the competition reaction. The higher the initial 
concentration was, the larger the amount of the 
intermediate products was, and the more obvious 
the inhibitory effect on the reaction was. 

 
The influence of ozone flux of weak acid 

brilliant green degradation.  The initial 
concentration of weak acid brilliant green was set at 
100 mg/L, the pH value was controlled at 6.21 and 
the temperature was on 293 K, then the effects of 
ozone degradation were respectively investigated 
under the conditions of the ozone flux in 16 L/h, 24 
L/h, 32 L/h, 40 L/h, 50 L/h and 60 L/h.  

Fig. 5(a) showed that the weak acid brilliant 
green degradation rate increased with the increase 
of ozone flux, but when the flow rate was over the 
optimal value of ozone, the degradation rate 
decreased instead. It was mainly because that with 
the increase of ozone flux, dosing quantity 
increased which also made the flow rate per unit 
area increase accordingly.[20] The amount of ozone 
and ·OH increased in the reaction system. In 
consequence, it would be beneficial to the 
degradation of weak acid brilliant green.[21] 
However, with the increase of the flow rate, liquid 

phase the main body of ozone generation 
accumulated, and the concentration increased. 
When the ozone concentration exceeded a certain 
value, the ozone in the liquid phase tended to 
saturate, and achieved the stable concentration of 
ozone.[22] As a result, ozone utilization rate reduced 
and the growth of the degradation rate of weak acid 
brilliant green became small too.  

By processing the data and fitting the figure, 
the reaction was determined for the first order 
reaction. The changing of kobs with flow rate could 
be shown in the following Fig. 5(a) and Fig. 5(c) 
showed that kobs increased gradually with the 
increase of ozone flux. Nevertheless, the increase 
was not linear. When the flow rate of ozone 
exceeded a certain value, the increase trend of kobs 
gradually flattened out. This was because that the 
greater the ozone flow rate was, the more the 
hydroxyl free radicals in the reaction system were. 
At the same time, the degradation of weak acid 
brilliant green was promoted. When the ozone flux 
reached a certain value, however, the amount 
of ·OH in the liquid phase tended to saturate, and 
its effect on the degradation of weak acid brilliant 
green was less, so the increase of kobs was slow. 

 
The influence of temperature on the weak 

acid brilliant green degradation.  Under the 
conditions that the initial concentration of weak 
acid brilliant green was set at 100 mg/L, the pH 
value was adjusted to 6.21 and ozone flow was 
controlled to 32 L/h. The effects of ozone 
degradation were respectively examined under the 
condition of the water bath temperature of 293 K, 
303 K, 313 K, 323 K and 333 K.

FIGURE 4 

(a)The effect of initial concentration on degradation rate, (b)The pseudo-first-order kinetics fitting curve in different 

initial concentration, (c)The diversification of kobs in different concentration. 
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Fig. 6(a) showed that in the experiment where 

the temperature was above 293 K, as the 
temperature rose, degradation rate also rose. This 
reason was that according to the principle of 
chemical balance, with the increase of reaction 
temperature, the activation energy reduced, the 
generation rate of hydroxyl radicals improved, the 
degradation reaction rate of weak acid brilliant 
green speeded up, and the degradation rate 
increased.[23]  

By processing the data and fitting the figure, 
the reaction was determined for the first order 
reaction. And the changing of kobs with the 
temperature could be shown in the following 
figures. Fig. 6(b) and Fig. 6(c) showed that the 
higher the temperature was, the greater the kobs was. 
When temperature increased from 293 K to 333 K, 
kobs increased from 0.92014 to 1.16. But the growth 
was not linear. As the temperature continued to rise, 
the increase of kobs became slowly until the 
temperature increased to a certain value. It shows 
that in the early stage of the range, with the rise of 
the temperature, activation energy basically 

remained unchanged. When the degradation rate 
accelerated, the increasing amplitude of the kobs got 
faster. 

Ozone degradation kinetics analysis of 
weak acid brilliant green.  It has been said that 
the mechanisms of ozone reactions may follow two 
possible degradation pathways which 
simultaneously exist during ozone reaction 
processes: molecular ozone attack (direct reaction) 
and the free radical mechanism (indirect reaction). 
The following reaction kinetic Eq. 1 was obtained: 

3

i
o i OH i OH

dc
k c k c c

dt                
(1) 

The Eq. 8 could be explained that degradation 
rate of dye follows first order kinetic with respect to 
both ozone and dye. (ci: the concentration of weak 
acid brilliant green, O3: ozone in the solution, ·OH: 
hydroxyl free radical in the solution.) kO3 was the 
reaction rate constant between ozone molecule and 
weak acid brilliant green, and k·OH was the reaction 
rate constant between hydroxyl radicals and weak 
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FIGURE 6 

(a)The effect of temperature on degradation rate, (b)The pseudo-first-order kinetics fitting curve in different initial 

temperature, (c)The diversification of kobs in different initial temperature 
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(a)The effect of ozone dosage on degradation rate, (b)The pseudo-first-order kinetics fitting curve in different initial 

ozone dosage, (c)The diversification of kobs in different initial ozone dosage. 
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acid brilliant green.[24]  
Under simplified conditions, weak acid 

brilliant green degradation can be thought of as 
conforming to the fitting of first order reaction,[25] 
namely: 

obs

dc
k c

dt                       (2) 
The logarithm was taken on both sides, and the Eq. 
3 can be got: 

tkcc obs)/ln( 0                     (3) 

The dynamics model of ozone degradation 
of weak acid brilliant green.  The whole reaction 
of ozone degradation may proceed through two 
pathways, including direct reaction by molecular O3 

and indirect reaction by ·OH both direct oxidation 
of ozone. Therefore, there must be a certain 
relationship between the apparent rate constant kobs 

and affecting factors including ozone flux Q, 
temperature T, pH value and the initial 
concentration of the weak acid brilliant green c0. 
The following empirical model could be used to 
fit:[26-28] 

OHcQRTEAk Oobs 03
)/(             (4) 

The logarithm removed on both sides, and the Eq. 5 

can be got: 

3
/ [ ]obs O oInk InA E RT InQ Inc In OH (5) 

For linear fitting the data of different 
experimental conditions, the results can be seen in 
Table 1. 

 
 

TABLE 1 
kobs of the weak acid brilliant green under different conditions for the ozonation. 

 
pH c0/(mg/L)  QO3/(L/h)  T /K  kobs/min-1 
1 100 32 293 0.412 
3 100 32 293 0.553 
6.21 100 32 293 0.898 
9 100 32 293 0.959 
13 100 32 293 1.104 
6.21 50 32 293 1.323 
6.21 125 32 293 0.902 
6.21 100 16 293 0.555 
6.21 100 40 293 1.007 
6.21 100 60 293 1.159 
6.21 100 32 303 1.061 
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FIGURE 7 
(a)The fitting curve of Inkobs- In[OH-], (b) The fitting curve of Inkobs-Inc0 

(c)The fitting curve of Inkobs-In QO3 , (d)The fitting curve of Inkobs-InT-1. 
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3
0.0337 [ ] 0.431 0.598 589.49 /obs o OInk InA In OH Inc InQ T

                          (6) 

0337.0431.0
0

598.0

3
)/4901exp( OHcQRTAk Oobs                                              (7) 

0337.0431.0
0

598.0

3
)/4901exp(95.10 OHcQRTk Oobs                                           (8) 

)exp(0 tkcc obs                                                                        (9) 

tOHcQRTcc O

0337.0431.0
0

598.0
0 3

)/4901exp(95.10exp                                 (10) 

 
From the regression results of Fig. 7(a), the 

-0.431 was got. From 
regression of  
was got. From the regression results of Fig. 7(d), the 
slope of a straight line was calculated to be 
-E/R=589.49, and E=589.49×8.314=4901 J.mol-1. 

Therefore, the experience model was as follows 

Eq. 6 and Eq. 7. 

Bringing the data in Table 1 to the above 
empirical model, the mean value of A was got to be 
10.95. Bringing A into this empirical model, then the 
empirical model was as follows Eq. 8 and Eq. 9.  

The kinetics model of ozone degradation for 

weak acid brilliant green was as follows Eq. 10. 

In order to study the dynamic model of ozone 
degradation of weak acid brilliant green, other 
experimental points were used in different periods to 
conduct model calculation, and compare the error 
between the actual concentration and the model 
values in different reaction time. The results were 
shown in Table 2. Table 2 showed that the model 
error was within 20%, and the model was relatively 
stable, and pH had the greater impact on the stability 
of model. 

 
 
CONCLUSIONS 

 
Through the above analysis, pH, ozone dosing 

quantity, temperature and the initial concentration of 
weak acid brilliant green had significant influence on 
the degradation efficiency. When pH was in the range 
of 1-13, ozone flux was within 16-60 L/h, 
temperature was within 293-333 K and initial 
concentration was within 50-150 mg/L, the ozone 
oxidation of weak acid brilliant green conformed to 
the rule of pseudo first order kinetics degradation. 

The establishment of indirect oxidation kinetics 
model showed that when pH was 6.21, ozone flux 
was 24 L/h, temperature was 293 K and initial 
concentration was 100 mg/L; when the weak acid 
brilliant green was degraded after 5 min, the 
measured degradation was 94.43% while the model 
degradation was 94.70%. It achieved quite stable 
effect with the model error was only 0.29%. 
Meanwhile, the model value kobs was 10.28 while the 
measured value kobs was 10.25. In addition, the max 
error was also within 20%. Hence, the model was 
relatively stable, and had a good prediction on the 
ozone oxidation process of weak acid brilliant green. 

 
TABLE 2 

Ozone degradation parameters of the weak acid brilliant green and its comparison of stability analysis 
model. 

 

pH c0/(mg/L) Q0/(L/h) T/K t/min Model /(mg/L) Value/(mg/L) error/ % 
5 100 32 293 1 44.05 50.25 14.07 
11 100 32 293 2 7.33 8.59 17.19 

6.21 75 32 293 3 3.52 2.87 18.47 
6.21 150 32 293 2 33.04 32.43 1.85 
6.21 100 24 293 3 10.28 10.25 0.29 
6.21 100 50 293 2 9.52 9.94 4.41 
6.21 100 32 293 1 41.97 41.38 1.41 
6.21 100 32 313 2 13.75 12.98 6.25 
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ABSTRACT 
 

The objective of this study was to investigate 
the impact of anthropogenic activities on the water 
quality of the Mellah lagoon using the shrimp 
Palaemon adspersus (Crustacea, Decapoda) as a 
bioindicator. The activities of glutathion S-
transferase (GST) and acetylcholinesterase (AChE), 
biomarkers of oxidative stress and neurotoxicity, 
respectively, were measured in shrimps collected 
from each site. The samples were collected for two 
consecutive years (i.e. 2013 and 2014) and two 
seasons, summer and autumn, were considered in 
each year. Three sampling sites were chosen: the 
first one corresponds to the channel of the Mellah 
lagoon (site 1) is considered as reference site, the 
second one located in the output of El Mellah River 
(site 2) is characterized by their proximity to urban 
activities, and the last one situated in the output of 

domestic activities. GST and AChE activities were 
found to vary between sites and by season and year. 
The results showed a significant induction in GST 
and also a significant inhibition in AChE activities 
in individuals from the sites 2 and 3 compared to 
those of the site 1. Indeed, marked responses are 
observed in the summer compared to autumn. Also, 
induction of GST and inhibition of the activity of 
AChE were higher in 2014 compared to 2013. The 
differences recorded between the sites studied in 
the Mellah lagoon are related to their level of 
pollution, while the seasonally and annually 
variations were due to the water supply by the 
Rivers during rainy periods.  
 
 
KEYWORDS:  
Pollution, Biomonitoring, Lagoon El Mellah, Crustacea, 
Palaemon adspersus, Glutathione S-transferase, 
Acetylcholinesterase. 
 
 
 
 
 

INTRODUCTION 
 
Urbanization, industrialization and agricultural 

intensification have caused an increase and 
diversification of discharges which caused in long-
term a high risk of degradation of ecosystems. 
Coastal lagoons are receiving increasing attention 
worldwide in recognition of their multiple uses and 
services [1, 2], but also because of their exposure to 
anthropogenic disturbances and stress [3, 4]. Today 
aquatic ecosystems were exposed to pollution such 
as radioactive wastes, organic matter, heavy metals, 
polychlorinated biphenyls (PCBs), pesticides, 
polycyclic aromatic hydrocarbons (HAPS) or drugs 
and nanoparticles [5-8]. These compounds exert 
their negative impacts on environment even on very 
low concentrations and often have great spatial and 
temporal variability which complicates the 
assessment of quantity released and their impacts 
on ecosystems [9]. However, both complementary 
approaches were used as pollution indicators: 
biomarkers and bioindicators [10-12]. In recent 
years, ecotoxicological researches on biomarkers 
have made considerable progress, to synthesize 
biological responses of organisms to pollutants for 
diagnosing the degree of contamination and the 
state of the environments health [9].  

The Mellah lagoon belongs to the complex of 
wetlands National Park of El Kala (PNEK) (North-
eastern Algeria), with Oubeira and Tonga lakes. 
Created in 1983, this park is classed as Biosphere 
Reserve in 1990 and Category II (National Park) as 
classified by the International Union for 
Conservation of Nature. Various studies were 
performed in ecosystem [13,14,2] exposed to 
agricultural and domestic pollutants provides by the 
R'kibet and El Mellah Rivers, causing 
contamination of aquatic organisms such as fish, 
mollusks and crustaceans [15, 16]. In this context, 
the current study, in continuation with previous 
works especially made on bivalve molluscs from 
this lagoon [17, 18]. Moreover some crustacean 
species from the Annaba gulf have been the subject 
of research on physiological [19-21] and 
toxicological aspects [22-25]. This study aims to  
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FIGURE 1 
Location of the sampling sites in the Mellah lagoon (Northeast Algeria). Site 1: constriction zone of the 

channel with Mediterranean, site 2: output of El Mellah River in South of the lagoon, site 3: the output of 
 [14]. 

 
evaluate the response of two biomarkers, 

glutathione S-Tansferase (GST) a biomarker of 
oxidative stress and acetylcholinesterase (AChE) a 
biomarker of neurotoxicity, measured in Palaemon 
adspersus (Ranthke, 1837) (Crustacea, Decapoda). 
The activity of both biomarkers was determined 
during the summer and autumn seasons during two 
consecutive years 2013 and 2014. 
 

 
MATERIALS AND METHODS 

 
Study sites and sampling. The Mellah lagoon 

is located in the extreme northeast of the Algerian 
coast, between Rosa Cap and Roux Cap (36 ° 53' 
565 N - 8 ° 19' 560 E). It is extended from North to 
South on 4 Km and from East to West on 2 Km 
covering an area of 865 hectares. The salinity 
varied from 15.9 to 37.1 psu and the temperature 
from 11.4 to 30.5 °C [14]. The lagoon 
communicates with the Mediterranean by a channel 
with 870 meters long and 15 meters wide [26] and 
received gentle waters from three rivers: El Mellah 
and Bouaroug to the South and R'kibet in the West 
(Fig. 1). Three sites were chosen for collecting the 
shrimps. The site 1 is considered as reference site, 
the second one located in the output of El Mellah 
River (site 2) is characterized by their proximity to 
urban activities, and the last one situated in the 

(site 3) is exposed to 
agricultural and domestic activities. 

Sampling of shrimps. P. adspersus (Rathke, 
1837) is a common shrimp distributed in 
Norwegian coast and South of the Baltic Sea to the 
Mediterranean Sea. This species is clear with no 
lines or bands, excepting presence of dark 
chromatophores on the half ventral rostrum. 
Shrimps length: 25 mm, weight: 850 mg were 
fished by the seine net (mesh: 4 mm; length: 1.80 
m) at three sites in the Lagoon during two seasons 
(summer and autumn) of two consecutive years 
2013-2014. 

 
Determination of glutathion S-transferase 

activity. Shrimps were collected and the flesh 
fragments and the shrimp heads were used for 
quantification of GST and AChE activities, 
respectively. GST activities were determined with 
the soluble fraction as enzyme source. GST 
activities toward 1-chloro-2, 4-dinitrobenzene 
(CDNB) were measured [27] as previously 
described [20]. Flesh fragments were homogenized 
in sodium; phosphate buffer (0.1 M, pH 6) and 
centrifuged (14000 g, 30 min). 200 μl of the 
resulting supernatant was added to 1.2 ml of 
reaction mixture containing 1 Mm CDNB and 5 
Mm reduced glutathione (GST) in the 
homogenization buffer. Changes in absorbance 
were recorded at 340 nm. 
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TABLE 1 
Annual rainfall (mm) and number of rainy days during the experimental study. 

 
Years Rainfall  Number of rainfall days 
2013 938 63 
2014 649 39 

 
 

Determination of cholinesterasic activity. 
The AChE activity was determined [28] as 
previously described [29] using acetylthiocholine as 
a substrate. Heads were homogenized in the 
following solution containing 38.03 mg ethylene 
glycol tetraacetic (EGTA), 1ml Triton X-100, 5.845 
g NaCl and 80 ml Tris buffer (10Mm, pH 7). After 
centrifugation (9000g, 5 min), the AChE activity 
was measured in aliquots (100μl) of resulting 
supernatants added to 100 μl of 5-5' dithiobis -(2- 
nitrobenzoic acid) (DNTB) in Tris buffer (0.01 M, 
pH 8) and 1 ml Tris (0.1 M, pH 8). After 5 min, 100 
μl acetylthiocholine was added. Measurements 
were conducted at a wavelength of 412 nm with a 
run time of 20 minutes. In parallel, total protein 
content was quantified according to Bradford [30] 
using bovine serum albumin as a standard. Enzyme 
activities were expressed as μM/min/mg proteins. 

 
Rainfall data. The annual rainfall data (mm) 

and number of rainy days from two consecutive 
years 2013 and 2014 were kindly provided by the 
Agricultural Service of El-Tarf, Algeria (Table 1). 

 
Data analysis. Results were represented as 

mean ± standard deviation (SD). The statistical 
analyses were performed using prism version 6.01 
for Windows (GraphPad software, La Jolla 
California, USA, www Graphpad.com). The 

s 
and Brown-Forsythe tests. Data from enzyme 

activities (GST, AChE) were tested using three-way 
analysis of variance (ANOVA) followed by a post-
hoc HSD Tukey test. 

 
 

RESULTS 
 
Seasonal and annual variations of 

glutathione S-transferase activities. The GST 
activity was performed on flesh adults of P. 
adspersus fished in the different sites. Data were 
summarized in table 1. Results obtained during the 
summer of 2014 showed a higher significant 
increase (p < 0.001) in the GST activities in P. 
adspersus from the sites 2 (75.17 ± 8.06 μM/ 
min/mg) and 3 (85.97 ± 25.69 μM/ min/mg) as 
compared to individuals the site 1 (46.05 ± 3.1 
μM/min/mg). In addition, the values of the GST 
activity in individuals from the site 1 and 3 were 
higher in summer in comparison to values obtained 
in autumn. The induction of GST is also higher in 
2014 compared to 2013 (Table 2). The three-way 
ANOVA (sites, seasons and years) showed a 
significant difference (F2, 41

between the three sites: 1, 2 and 3 between the two 
seasons: summer and autumn (F1, 41 
0.001) and the years: 2013 and 2014 (F1, 41 = 

. 
 

 
TABLE 2  

Glutathione S-transferase (GST) activity (μM/min / mg protein) in the flesh of P. adspersus in three sites 
from Mellah lagoon in the summer and autumn of 2013 and 2014 (m ± SD, n = 4-7). 

 
Years Seasons Site 1 Site  2 Site 3 

2013 

Summer 10.89 ± 1.90  a 
A 

14.19 ± 1.49  ab 
A 

21.24 ± 1.52   b 
A 

Autumn 6.86 ± 0.48   a 
A 

13.46 ± 2.23  ab 
A 

24.25 ± 2.25   b 
A 

2014 

Summer 46.05 ± 3.10  a 
A 

75.17 ± 8.06  b 
A 

85.97 ± 25.69 b 
A 

Autumn 21.16 ± 0.08  a 
B 

61.42 ± 1.02   b 
A 

51.74 ± 4.65   b 
B 

For the same season and year, means followed by the same small letter are not significantly different (p> 0.05) 
while for the same site and season, means followed by the same capital letter are not significantly different (p> 
0.05). 
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TABLE 3  
Glutathione S-transferase (GST) activities (μM/min/ mg protein) in the flesh of P. adspersus in three sites 

from Mellah lagoon in the summer and autumn of 2013 and 2014 three-way ANOVA. 

DF: Degrees of freedom; SS: Sum of squares; MS: Mean squares 

TABLE 4 
Acetylcholinesterase (AChE) activity (μM / min / mg protein) in the head of P.  adspersus in three sites 

from Mellah lagoon in the summer and autumn of 2013 and 2014 (m ± SD, n = 4-7). 
 

For the same season and year, means followed by the same small letter are not significantly different (p> 0.05) 
while for the same site and season, means followed by the same capital letter are not significantly different (p> 
0.05) 

TABLE 5  
Acetylcholinesterase activities (μM / min / mg protein) in the head of P. adspersus in three sites from 

Mellah lagoon in summer and autumn of 2013 and 2014 three-way ANOVA (sites, seasons and years). 
DF: Degrees of freedom; SS: Sum of squares; MS: Mean squares 
Sources of variation DF SS MS Fobs P 

Sites 2 9766.2 4883.1 101.01 0.000 *** 

Seasons 1 2347.1 23471 48.55 0.000 *** 

Years 1 19200.3 19200.3 397.17 0.000 *** 

Sites/Seasons 2 95.0 47.5 0.98 0.383 ns 

Seasons/years 1 3973.7 3973.7 82.20 0.000 *** 

Sites/Years 2 89.9 44.9 0.93 0.403 ns 

Interactions 
Sites/Seasons/years 

2 861.8 430.9 8.91 0.000*** 

Residual  Error 42 2030.4 48.3 - - 

Total 53   - - 
 
 

Sources of variation FD SS MS Fobs P 

Sites 2 6634.9 3317.4 44.96 0.000***  

Seasons 1 2305.9 2305.9 31.25 0,000***  

Years 1 23468.8 23468.8 318.04 0.000***  

Sites/Seasons 2 265.3 132.6 1.80 0.179 ns 

Seasons/Years 1 2110.9 2110.9 28.61 0.000*** 

Sites/Years 2 2302.7 1151.4 15.60 0.000 

Interactions 
Sites/Seasons/Years 

2 485.3 242,6 3.29 0.047* 

Residual  Error 41 3025.4 73.8   

Total 52     

Years Seasons Site 1 Site 2 Site 3  
2013 Summer 62.03 ± 10,04 a 

A 
51.32 ± 2.09 ab 

A 
45.5 ± 3.25   b 

A 
Autumn 107.45 ± 13,96 a 

B 
77.77 ± 4.82  b 

B 
66.22 ± 3.54  b 

B 
2014 Summer 44.18 ± 6.66 a 

A 
26.38 ± 2.21  b 

A 
14.23 ± 1.08  c 

A 
Autumn 55.50 ± 2.78 a 

B 
24.44  ± 3.92 b 

A 
15.37 ± 2.85  c 

A 
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Seasonal and annual variations of 
acetylcholinesterase activities. The AChE activity 
was evaluated in heads of adult P. adspersus 
collected in three sites of Mellah lagoon. As shown 
in table 4, data obtained in summer 2013 indicated 
a maximum AChE activity was about 62.03 ± 10.04 
μM / min / mg in shrimp collected in the site 1. 
This activity was inhibited significantly (p < 0.05) 
at 

first one. As for the summer of 2014 showed a 
significant inhibition (p < 0.001) of the AChE 
activity with the respective values of 26.38 ± 2.21 
and 14.23 ± 1 08 μM / min / mg in the sites 2 and 3 
compared to the site 1 which was about 44.18 ± 
6.66 μM / min / mg. The three-way ANOVA (sites, 
seasons and years) showed a (F2, 42 
0.001) between the three sites 1, 2 and 3 between 
the two seasons, summer and autumn (F1, 42 = 

1, 42 = 
 

 
 
DISCUSSION AND CONCLUSIONS 
 

Lagoon environments are sensitive ecosystems 
due to their situation of interface between 
continental and marine environments and their 
proximity to anthropogenic activities. During 
environmental stress caused by presence of the 
pollutants, the biochemical responses are immediate 
in exposed organisms [31]. GST is involved in 
various operations of transport and biosynthesis 
intracellular [32]. This is one of the most solicited 
enzymes during a detoxification process of 
organisms subjected to pollution [33]. GST and 
AChE activity were found to vary between sites and 
by season. Indeed, the results obtained in this study 
showed an induction of GST in individuals 
collected from the both polluted sites 2 and 3, 
compared to reference site 1. This increase in GST 
activity suggests that the detoxification process 
against pro oxidation forces, which are mediated by 
this enzyme, is induced. In addition, the highest 
levels of GST activity were registered during the 
summer and also during the year 2013 in 
comparison to 2014. The climate of the study areas 
is Mediterranean, with an average annual 
temperature of 18 °C and an annual rainfall ranging 
from 650 to 1,000 mm with peak rainfall in winter 
and deficits occurring typically during summer 
[34]. Thus, the effect of seasons may be due to 
autumn rains which promote dilution of pollutants 
following water supply by the Rivers, while the 
year effect can be explained by a rainfall higher in 
2013 in comparison to 2014. Similarly, in the 
mollusc Cerastoderma glaucum, a maximum of 
GST activity was recorded in summer and the 
highest values were obtained from sites 2 and 3 by 
comparison to the site 1 [16]. Moreover, an 

induction in the GST activity was observed in 
several crustacean species such as Palaemonetes 
argentinus a exposed to fenitrothion [35], 
Macrobrachium borelli treated with 
organophosphorus insecticides [36] and also 
Palaemon serratus exposed to benzo a pyrene 
(BaP) [37]. Previous studies on the biomonitoring 
of health status of the Annaba gulf reported a 
highest GST activities in Donax trunculus 
(Mollusca, Bivalvia) from Sidi Salem as compared 
to El-Battah [17, 38-40].  

 Several works were focused on 
measurement of the enzymes activity involved in 
the degradation of some neurotransmitters such as 
AChE [41, 42]. Measurements of AChE activity 
provided information about exposure to 
contaminants such as pesticides [43,44] and other 
contaminants as heavy metals [45] or oils [46]. In 
the current study, the AChE activity in P. adspersus 
was inhibited in the individuals collected from sites 
2 and 3 compared to the site 1. In addition, 
inhibition is higher in summer compared to the 
autumn and also in 2013 than 2014. This result 
suggests a contamination by neurotoxic pollutants 
such as heavy metals and/or pesticides. Indeed, a 
contamination of sites 2 and 3 by several heavy 
metals (iron, nickel and chromium) [47] support the 
inhibition of AChE activity observed in the clam 
Ruditapes decussates [48] and also our finding 
using P. adspersus. Similarly, an inhibition of 
AChE activity due to different effluents to the clam 
R. decussatus from the lagoon of Bizerte in Tunisia 
was also demonstrated [44]. Many studies revealed 
an inhibition of AChE activity in P. argentinus a 
freshwater shrimp exposed to fenitrothion 
organophosphoree [35] and in the bivalve Modiolus 
babatus exposed to thermal stress [49] and 
Scrobicularia plana subjected to stress by metal 
nanoparticles [50]. There is also an inhibition of 
AChE activity in crabs Carcinus maenas, exposed 
to the fluoranthene [51] and in shrimp M. borelli 
contaminated with organophosphates [36]. Also, 
inhibition of AChE activity is due to neurotoxic 
insecticides and metal heavy was observed in the 
mussel Dreissenna polymorpha collected from 
different contaminated sites from French coast [52] 
and among the clam Ruditapes phillipinarium 
collected from different contaminated sites from 
Venice (Italy) [53]. 

Induction of GST and inhibition of AChE 
activities were higher in both sites 2 and 3 
compared to the site 1 and it was higher in summer 
and during 2014 compared to 2013. Then, it can be 
concluded that site 2 and 3 were more polluted to 
site 1 as supported by heavy metal analysis. The 
most contaminated sites were located near the 
sources of the domestic and agricultural pollutants. 
In addition, season and annual effects were due to 
the water supply by de River during rainy that 
dilute the concentration of pollutants. Based on the 
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biomaker responses, the shrimp P. adspersus is 
more suitable for the assessment of the health status 
of the Mellah lagoon than the mollusc C. glaucum 
[16]. 
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ABSTRACTS 
 

Tubular resistance furnace was used as heavy 
metal generation system to simulate smelter flue 
gas of heavy metals by heating heavy metal oxides. 
Sodium sulfide solution was employed to remove 
lead (Pb), cadmium (Cd), mercury (Hg) and arsenic 
(As) from the flue gas. The experiment was 
conducted to investigate the effects of Na2S 
concentration, temperature and pH of Na2S solution 
as well as the presence of SO2 on removal 
efficiency. The results show that the better 
concentration of sodium sulfide solutions are 0.4 
mol/L, 0.4 mol/L, 1.0 mol/L and 0.4 mol/L for Pb, 
Cd, Hg and As respectively, the better temperatures 
are 40 oC, 50 oC, 40 oC and 40 oC respectively, and 
the better pH is 12. The removal efficiency of Pb, 
Cd, Hg and As could reach 94.2%, 94.6%, 99.9%, 
and 93.5% respectively under the optimum 
conditions. In addition, the presence of SO2 in 
smelter flue gas could reduce the removal 
efficiency of heavy metals. The reasons may be that 
SO2 will consume S2 - in the solution and change 
pH, which will result in reduction of the removal 
efficiency. Physical precipitation is the main 
process for removing Pb, while for Cd and As 
chemical precipitation is main, as to Hg, both 
Physical and chemical precipitation contribute to 
removing. 

 
 

KEYWORDS: 
Sodium Sulfide; Smelting Flue Gas; Heavy Metal; 
Precipitation 
 
 
INTRODUCTION 

 
The major heavy metal pollution species in 

lead and zinc metallurgy industry are Pb, Cd, Hg 
and As, which can pollute water, air and soil [1, 2]. 
Pb, Cd, Hg and As are known to be toxic metals 
that can accumulate in the human body [3-7]. 

Lead smoke and dust are the main lead 
pollution in atmosphere, which mainly come from 
mining, soldering, petrol burning and lead 
manufacturing process [8, 9]. For high volatility of  

 
 
lead at high temperature, smelting process generally 
results serious lead volatilization and environmental 
contamination. Cadmium pollution mainly comes  
from lead and zinc metallurgy, coal and trash 
burning [10]. Cadmium can accumulate in 
organism and environment for long years [11]. 
Mercury mainly presents as two states in flue gas: 
gaseous mercury (Hg2+, Hg0) and solid particles 
attached objects [12, 13]. When the temperature is 
higher than 800 oC, the mercury compounds easily 
decomposes into gaseous mercury which has high 
volatility and low solubility in water. Gaseous 
mercury is very difficult to control [14, 15]. 
Gaseous mercury Hg2+ and solid particles attached 
objects are the main status of Hg in smelter flue gas. 
Arsenic, entering into the environment by the flue 
gas, is mainly in the form of solid oxide and 
arsenate particles. The particles suspend in the air 
and settle to the ground and water, resulting in 
environment contamination [16, 17].  
At present, research focus on mercury and less on 
lead, cadmium and arsenic. The heavy metals in 
flue gas are mainly removed by adsorption [18-21], 
catalytic oxidation [22-25] and chemical method 
[26, 27]. Sulfuration method [28-31] is one of the 
chemical precipitation methods, which is widely 
used in domestic, mainly focus on the removal of 
heavy metals from waste water while removal from 
the gas is rare. Sulfuration method is effective for 
removing Pb, Cd, Hg and As from smelting flue gas 
simultaneously, as a simple and easy way. The 
major affecting factors concerning the removal 
process are the main objectives of this study. 
 
 
MATERIALS AND METHODS 
 

Equipments and reagents. The equipments 
required in the experiment are Z-2010 polarized 
Zeeman atomic spectrophotometer (Tian Mei 
Technology Co. Ltd.); F-732 cold vapor atomic 
absorption mercury analyzer (Shanghai Huaguang 
Instrument Factory); limited tubular atmosphere 
furnace (Shanghai Yi Feng Electric Furnace Co. 
Ltd.); corundum tube (Shanghai Yifeng electric 
furnace Co. Ltd.); air pump (Sensen Group Co. 
Ltd.); mass flowmeter (Dongguan Dexin. 
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FIGURE 1  

Schematic of the experimental apparatus. 
 
 

Electronics Group Co., Ltd.,); PHS-3C pH 
meter (Shanghai Lei Yun Experiment Instrument 
Manufacturer Co. Ltd.). 

The chemicals used in the experimental are 
sodium sulfide (Na2S), red lead oxide (Pb3O4), 
cadmium oxide (CdO), mercuric oxide (HgO), 
arsenic trisulfide (As2O3), all of which are of 
analytical grade and purchased in Shanghai 
Sinopharm Group Co. LTD. 

 
Experimental apparatus. A schematic flow 

diagram of the experiment is shown in Fig.1. The 
simulation smelter flue gas of heavy metals is 
produced from the tubular flow type and then 
carried by argon to the absorption bottles which are 
filled with sodium sulfide solution. The simulation 
flue gas in experiment consists of single heavy 
metal and each of them is produced by calcining 
metal compounds which are red lead oxide (Pb3O4), 
cadmium oxide (CdO), mercuric oxide (HgO) and 
arsenic trisulfide (As2O3) respectively. After 
absorption by sodium sulfide solution, the off gas 
flow through HNO3/H2O2 mixture (volume 1:1), 
HNO3/H2O2 mixture (volume 1:1) and acidic 
KMnO4 solution successively to analyze the content 
of heavy metals in the mixture. As shown in Fig.1, 
when valve 1 and valve 2 are open, valve 3 and 
valve 4 are close for 15 min, the off gas will be 
absorbed by absorption device (1) to detect the 
concentration of heavy metals in the simulated flue 
gas without removing, which denoted as C0; when 
open valve 3 and valve 4 are open, valve 1 and 
valve 2 are for 15 min the off gas will be absorbed 
by absorption device (2), the concentration of heavy 
metals in the simulated flue gas after absorbing by 
sodium sulfide solution can be gain, denoted as Cn 

 

Experiment methods. Smelting flue 
simulation experiment is made as follows: the 
initial concentration of simulate smelter flue gas 
can be controlled by adjusting heating temperature 
of furnace and gas flow rate. According to a large 
number of exploratory experiments[32], we get that 

a better operating temperature of Pb, Cd, Hg and As 
are 900 oC, 1000 oC 450 oC and 700 oC respectively, 
and the flow are 200 ml/L, 200 ml/L, 150 ml/L and 
200 ml/L. Under these conditions, the concentration 
of Pb, Cd, Hg and As in the simulation flue gas can 
be ranged 10 ~ 15 mg/m3, 2 ~ 7 mg/m3, 10 ~ 30 
mg/m3 and 1 ~ 5 mg/m3respectively, which 
consisting with smelter actual condition. The 
conditions were employed to generate simulate 
smelter flue gas. 

To study the influence of Na2S solution 
concentration on heavy metal absorption, 50 ml 
Na2S solution with different concentration (0-0.1 
mol/L) were used to absorb Pb, Cd, Hg and As 
contained in smelting flue gas respectively and then 
gained a better concentration of Na2S solution. 

The influence of pH on heavy metals 
absorption was studied, 50 ml better concentration 
Na2S solution(based on above experiment) with 
different pH, which was controlled by adding 1% 
NaOH or 1% HCl solution, were used to absorb Pb, 
Cd, Hg and As contained in smelting flue gas 
respectively.  

SO2 was introduced into Na2S solution with 
the better concentration (based on the over work) to 
study the influence of SO2 on heavy metal 
absorption. With the SO2 addition, the pH of Na2S 
solution will decrease. And Na2S solution with 
different pH in the process of SO2 addition were 
used to absorb Pb, Cd, Hg and As contained in 
smelting flue gas. 

Calculation formula of heavy metals 
concentrations in flue gas (mg/m3) is shown with 
Equation (1). 

 (1) 
 where: C is concentrations of heavy metal in 

flue gas, mg/m3; CL is concentrations of heavy 
metal in absorption solution, mg/L; VL is the 
volume of absorption solution, mL; Q is gas 
volumetric flow rate, mL/min; t is absorption time, 
min.

1000
L LC V

C
Q t
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FIGURE 2  
The influence of sodium sulfide concentration on removal efficiency of Pb , Cd, Hg and As from flue gas. 

The efficiency calculation formula is shown 
with Equation (2). 

  (2) 
where: Cn is concentrations of heavy metal in 

flue gas after absorption, mg/m3; C0 is 
concentrations of heavy metal in flue gas before 
absorption, mg/m3. 

The concentration of Pb, Cd, Hg and As in the 
tail gas absorption solution were detected by flame 
atomic absorption spectrophotometry (HJ538-
2009), flame atomic absorption spectrophotometry 
(HJ/T 64.1 2001) and cold atomic absorption 
spectrophotometry (HJ542-2009) respectively. 

The phase and crystalline orientation of 
precipitations were determined by XRD (X-ray 
diffraction) analysis. In this paper XRD were 
obtained with a D/MAX-2200 X-ray diffraction at 
20~60 kV and 2~50 mA by using Ni-

precipitations were analyzed with treatments of 
washing, drying and grinding. The identification of 
crystalline phases was made by matching the 
JCPDS files.  

 
 

RESULTS AND DISCUSSIONS 
 

Effect of sodium sulfide concentration. 
Effects of sodium sulfide concentration on the 
removing of Pb, Cd, Hg and As contained in the 
flue gas were studied, as shown in Fig. 2Fig. 2 
indicates the removal efficiency of Pb, Cd, Hg and 
As increase with the concentration of Na2S solution 
increased, and the outlet concentration of the heavy 
metals are decreased. When the concentration of 

Na2S solution changes from 0 mol/L to 0.4 mol/L, 
the removal efficiencies of heavy metals increase 
relatively quickly and reach high rates. Among this, 
the removal efficiency of Pb increases from 86.1% 
to 96.7%, Cd increases from 85.2% to 94.6%, Hg 
increases from 87.3% to 98.8% and As increases 
from 85.8% to 93.9%. 

The concentration of sodium sulfide increase 
to 0.4 mol/L, the concentrations of Pb, Cd, Hg and 
As in the outlet flue gas are up to 0.61 mg/m3, 0.45 
mg/m3, 0.055 mg/m3 and 0.47 mg/m3respectively. 
When the concentration is above 0.4mol/L, the 
removal efficiencies are till increase, but the 
increase rate become low. In order to reduce the 
concentration of Hg to meet the emission standard 
in China (0.015 mg/m3) the removal efficiency has 
yet to be improved by increasing the concentration 
of sodium sulfide. When the concentration of Na2S 
solution reach to 1.0 mol/L, the removal efficiency 
can improve to 99.9%, thus the concentration of Hg 
in outlet flu gas was just 0.009 mg/L. In spite the 
fact that the higher is the sodium sulfide 
concentration the better is the removal effect of 
heavy metals we can get. Taking the industrial cost 
into consideration, a better concentration of Na2S 
solution to remove Pb, Cd, Hg and As in flue gas 
are 0.4 mol/L, 0.4 mol/L, 1.0 mol/L and 0.4 mol/L 
respectively. 

 
Effect of temperature. The effect of 

temperature on the absorption of Pb, Cd, Hg and As 
with Na2S solutions at the better concentrations (4 
mol/L, 0.4 mol/L, 1.0 mol/L and 0.4 mol/L 
respectively) were studied, the results are shown in 
Fig.3. 

As shown in Fig.3, the removal efficiencies of 
all the heavy metals increase first and then decrease 
as the temperature increases from 20 oC to 70 oC.  

0

(1 ) 100%nC

C
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FIGURE 3 

The influence of react temperature on removal efficiency of Pb, Cd, Hg and As from flue gas. 
 

Pb, Hg and As gain the highest removal 
efficiency when temperature is up to 40 oC, which 
are 96%, 99.9% and 93.4% respectively. As to Cd, 
the highest removal efficiency is 93.9% at 50 oC. 
For higher temperatures, the removal efficiency of 
the three heavy metals will decrease. It might be 
because with the increase of temperature, the ions 
in solution became more reactive, reacted with 
heavy metals more easily, and accelerated the 
reaction rate with them. When temperature was too 
high, precipitation dissolving rate increased and 
inhibited the reaction. Fig.3 shows that when the 
temperature above 50 oC, the removal efficiencies 
begin to decrease. Although the rise of temperature 
can promote the dissolution of metals and improve 
the ions reactivity, against gas-liquid phase reaction. 
Therefore, too high temperature of solution will 
reduce removal efficiencies of heavy metals. By 
this way it can maintain a higher removal rate. A 
better temperature of sodium sulfide absorption 
liquid for the removal of Pb, Cd, Hg and As are 40 
oC, 50 oC, 40 oC and 40 oC respectively. 

 
Effect of Ph. The pH value of an aqueous 

system is one of the most important parameters 

the surface properties of ionization/dissociation of 
the molecule.[24] In the solution contained S2-, a part 
of S2- combined with H+ and formed HS- and H2S. 
H+ combined with S2- and formed HS- and H2S, 

which would decrease the use efficiency of S2-. The 
processes were showed in equations (3) and (4) 
[33]. Therefore, pH value of (NH4)2S solution plays 
an important role in removal of heavy metals by 
sodium sulfide solution. 

 

     
SH

HHS
K

-

2
1

99.61pK  

 (3) 
 

-

-2

2 HS

HS
K 4.172pK  

 (4) 

Based on the better concentration of sodium sulfide 
and the better reaction temperature in the 
experiment, effects of pH on removal of Pb, Cd, Hg 
and As in flue gas were studied. The results are 
showed in Fig.4. As shown in figure 4 that as pH 
rises from 2 to 12, the removal efficiencies of heavy 
metals through a decrease and then increase process. 
The removal efficiencies of Pb, Cd, Hg and As 
were in the range of 86.8%~94.2%, 89.5%~94.6%, 
96.33%~99.9% and 89.3%~93.5%, with the lowest 
 
efficiency appearing at pH is 7. 
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FIGURE 4 
The influence of pH on removal efficiency of Pb, Cd, Hg and As from flue gas. 

 
 

In the experiment, there was some 
precipitation formed after removal process of Pb, 
Cd and Hg in alkaline solution, while there was 
none in acid solution. However, there was 
precipitation appeared after removal process of As 
in weak alkaline solution and acid solution. The Pb, 
Cd and Hg in the off gas will be broken down into 
ions after absorbed under the strong acid condition, 
and then react with sulfur ions state ion and to form 
sulfide precipitation. On account of the strong 
acidity sulfide precipitation will dissolve quickly, 
thus most of the heavy metals exist in the state of 
ions and no precipitation can be observed. In the 
alkaline solution, the Pb, Cd and Hg in off gas 
reacted with sulfur ions and formed sulfide 

pH of solution is around 7, the advantage of strong 
acid and alkali to remove metals was not obvious, 
so the removal efficiency was low. It can be seen 
that the removal efficiency of heavy metals is high 
under strong acid and strong alkali conditions. For 
As, there was precipitate appeared in weak alkaline 
solution and acid solution because As is different 
with Pb, Cd and Hg. As is easy to combine with 
water or hydrogen ion and generate arsenic acid 
(H3AsO3) that is Hydroxide arsenic (As(OH)3). 
H3AsO3 is weak acid, the dissociation of it will 
form arsenic ion, and the equation is showed in 
equations (5). Arsenic ions react with Na2S and 
generate arsenic sulfide no matter in acid or 
alkaline solution (equation (6) ). But As2S3 will 
dissolve when pH is over 8 and change to AsO3

3- 
and AsS3

3-
 (equation (7) ), which match the 

potential-pH diagrams of As-S-H2O [34]. Another, 
arsenic sulfide solubility is lower under acid 
condition, so more precipitation appeared in acid 
solution. 
H3AsO3 3 3+ + 3OH- (5) 

As3+ +S2- 2S3  (6) 
As2S3 + 6OH- 

3
3-

 +AsO3
3- +3H2O  (7) 

 
Effect of SO2 content. Most of the lead and 

zinc ores in nature contain sulfide and the content is 
as high as 27% ~ 32% [35]. Smelting flue contains 
a large amount of SO2 which can affect the removal 
of the heavy metals. Effects of SO2 on outlet 
concentration and removal efficiencies of Pb, Cd 
and Hg in flue gas were studied. Solution pH will 
continue to fall with the bubbling of SO2, so pH 
was applied to assess the mass of SO2. The results 
were similar to the effect of pH in section 2.3. 

According to the experiment, it can be gained 
that SO2 affect heavy metals removal efficiency by 
influencing solution pH and the concentration of S2-. 
For SO2 addition, the pH of solution declined from 
12 to 2, and the removal efficiency of heavy metals 
increased after a decline. The reactions are easy to 
take place between sodium sulphide and SO2, 
which will consume S2 - in the solution, thus 
inhibiting the S2 - react with heavy metals and 
leading to the decline of removal efficiency of 
heavy metals. With continuous ventilation of SO2, 
SO2 dissolved in water and generated sulfurous acid, 
which turned the alkaline solution into acid 
gradually. The reactions were showed in equation 
(8). 
6SO2 + 4S2- + 3H2 2O3

2- + 2HSO3
-+ 2H2S 

8  
With the acidity of solution getting stronger, 

heavy metals in the flue gas decomposed directly 
into ions and trapped in the solution. When pH = 7, 
due to SO2, the removal rates of heavy metals 
reduced to a minimum: the removal efficiency of 
Pb reduced from 94.2% to 88.8%, Cd reduced from 
94.6% to 90.2%, Hg reduced from 99.9% to 96.4%,  
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FIGURE 5 
The XRD analysis of precipitation (a: Pb,   b: Cd,   c: Hg,   d: As). 

  
and As do from 93.5% to 88.5%. 

Correspondingly, the exit concentration of the 
heavy metals were 0.77 mg/m3 0.78 mg/m3 0.44 
mg/m3 and 0.55 mg/m3 respectively. As a result of 
the work above that SO2 has a certain inhibitory 
effect on removal efficiency of the heavy metals in 
flue gas. 

 
XRD analysis of precipitations. In order to 

make the process clear that how Na2S solution 
removed heavy metals, the precipitations were 
investigated by XRD analysis. The results of Pd, Cd, 
Hg and As are showed in a, b, c and d of Fig.5.  

It can be seen from Fig.5 a that Pb mainly 
exists in the form of Pb4O3 in the precipitation after 
the absorption of flue gas, associated with some 
PbO, as well as few PbS. Pb4O3 is the raw material 
of simulate flue gas. PbO may be converted from 
Pb4O3 in the heating process. These two matters are 
the major position in the precipitation, PbS can be 
observed but very few. These indicated that the 
removal of Pb in the flue gas by Na2S solution 
mainly involved in the physical absorption and few 
of them formed precipitation with Na2S. CdS is the 
main composition of precipitation as shown in Fig.5 
b. In Fig.5 b, the weak diffraction peaks of CdS are 
very strong and few weak diffraction peaks of CdO 
are appeared, which proved that chemical 
precipitation was absolutely superior to physical 
precipitation for Cd. From Fig.5 c, both diffraction 
peaks of HgS and HgO are clearly with HgS has a 

slight advantage. This indicates that in the 
precipitation process, both chemical precipitation 
and physical precipitation were important for 
removing Hg. It can be observed that As2S3 is the 
main position of the As precipitation after 
absorption, which indicate chemical precipitation is 
superior for As. 

According to the XRD analysis, during the 
process of the removal of heavy metals by Na2S 
solution physical precipitation is the main process 
for removing Pb; while for Cd and As, chemical 
precipitation is preponderant; for Hg, both physical 
and chemical precipitation contribute to removing. 
It can be inferred that the reactions of chemical 
precipitation between heavy metals and sodium 
sulfide solutions are as follows equation (9) - (12): 
PbO+Na2S+H2 (9) 
CdO+Na2S+H2 (10) 
HgO+Na2S+H2 (11) 
As2O3+Na2S+H2O=As2S3  (12) 
 
 
CONCLUSION 
 

Take removal efficiency and economic 
benefits into consideration, the better concentration 
of sodium sulfide solutions are 0.4 mol/L, 0.4 
mol/L, 1.0 mol/L and 0.4 mol/L for the removal of 
Pb, Cd, Hg and As, the better temperatures are 40 
oC, 50 oC, 40 oC and 40 oC respectively, and the 
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better pH is 12. Under the better conditions, the 
removal efficiency of Pb, Cd, Hg and As can reach 
94.2%, 94.6%, 99.9% and 93.5% respectively with 
the outlet concentrations of Pb, Cd Hg and As were 
0.65 mg/m3, 0.45 mg/m3, 0.01 mg/m3 and 0.48 
mg/m3. 

The presence of SO2 of in smelter flue gas can 
reduce the removal efficiency of heavy metals. The 
reasons may be that SO2 will consume S2- in the 
solution, and change pH, which will result in the 
reduction of the removal efficiency. 

During the process of the removal of heavy 
metals by Na2S solution, physical precipitation is 
the main process for removing Pb; while for Cd and 
As, chemical precipitation is main; as to Hg, both 
physical and chemical precipitation contribute to 
removing.  
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ABSTRACT 
 

The bisorption characteristics of Thallium 
using live and dead cells of Bacillus strain as 
biosorbents have been investigated in the present 
research. Optimum condition for biosorption were 
determined to be: pH adjusted to 6.0, agitated at 
150 r/min and at a dose of 1 g/L. For initial 
Thallium concentration of 0.5-20 mg/L, The 
adsorption isotherms fitted well with both the 
Langmuir and Freundlich isotherm models with 
high values of correlation coefficient (R2>0.92). 
Experimental maximum biosorption capacity turned 
out to be 12.38mg/g for living material and 
19.84mg/g for dead sorbents, respectively.  The 
nature of the biosorbents and metal ion interactins 
were evaluated by Fourier transform infrared(FT-
IR) spectroscopy. FT-IR analysis of live and dead 
biomass revealed the presence of amine, carboxyl, 
hydroxyl, and carbonyl groups, which are likely 
responsible for the biosorption of Thallium. And 
FT-IR analysis indicated that more functional 
groups were involved in the biosorption process of 
dead adsorbents, compared with those linked to live 
biomass, taken together, it can be concluded the 
dead cell of Bacillus were better and cheaper 
biosorbents than live ones, which can be a suitable 
biosorbent for the removal of Thallium ions from 
aqueous solution.  
 
 
KEYWORDS:  
Bacillus, biosorption Thallium, live, dead 
 
 
INTRODUCTION 

 
The presence of heavy metals in the 

environment poses a problem due to their harmful 
affects on human health. Thallium is considered a 
non-essential and highly toxic element, which is 
produced as a by-product in the combustion of coal, 
cement plants using pyrite,smelting if non-ferrous 
metals, refining of iron, cadmium and zinc[1-2] A 
lack of detailed knowledge of distribution and 
dispersion of TI, from both natural process and 

human activities has led to an adverse impact on the 
local ecosystem and human health. Since the 
discovery of high-temperature superconducting 
compounds in the system TI-Ca-Ba-Cu-O, thallium 
has attracted greater attention as a potential 
pollution source on a large scale in the future[3]. The 
maximum contaminant levels of thallium in 
drinking water and wastewater(effuent) set by the 
United States Environmental Protection Agency 
(USEPA) are 2 and 140μg/l, respectively[4]. 

In literatures, metal removal treatment systems 
using micro-organisms is a cheap and practical 
alternative to conventional processes, conventional 
physicochemical methods such as electrochemical 
treatment, ion-exchange, precipitation, reverse 
osmosis, evaporation and oxidation/reduction for 
heavy metal removal from wastewater are 
expensive, not eco-friendly and inefficient for metal 
removal from diluted solutions containing from 1 to 
100mg/L of dissolve metal[5-6]. In the past few 
years, more and more biological material have been 
employed as inexpensive biosorbents in the 
removal of heavy metals[7]. Some of these 
alternative adsorbent materials are sea algae[8], 
yeast biomass[9], maple sawdust[10],brown marine 
macroalgae[11], coal fly ash[12], etc., including living 
and non-living microorganisms, in the removal and 
possibly recovery of toxic or precious metals from 
industrial wastes, has gained important credibility 
during recent years[13], such as, The biosorption of  
thallium from wastewater by Aspergillus niger 
biomass was reported by A.L. John Peter et al. In 
another study, Saima Q.Memon et al. studied the 
biosorption of thallium by sawdust. In recent 
research ,dead microbial strains were also widely 
used in the biosorption of metal ions, especially in a 
series of research of Selatnia et al[14-15] and Li[16]. 
Hower, little work has been done to compare the 
biosorption of thallium using live and dead cells of 
bacterial strain[17]. 

In this study, Bacillus isolated from industial 
metal mine and exhibited high resistance to a 
variety of heavy metals. Thallium was used as the 
target metal pollutant in this work, which is 
frequently found in the industrial effluents and 
wastes in China. 
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The objective of the present work is to 
investigate the biosorption potenial of live and dead 
cells of bacterial strain in the removal of thallium 
from aqueous solution. The influence of different 
parameters on thallium biosorption, such as pH, 
agitation speed, biosorbent dose, intial metal 
concentration and contact time were performed. 
Different equilibrium and kinetic models were 
applied to describe the biosorption process of live 
and dead biomass. while the Fourier transform 
infrared(FT-IR)analysis were also used in this study 
to look at potential binding sites and possible 
functional groups of live and dead biomass. 

 
 

MATERIALS AND METHODS 
 
Bacterial preparation as a biosorbent. The 

bacterial strains were cultured in nutrient broth, 
which contained (per liter of deionized 
water):peptone 10g/L,yeast extract 5g/L,NaCl 5g/L, 
and 150 r/min agitation was employed for shake-
flask culuring at 25 . Then live cells were 
harvested by centriguation(14,000 r/min,5min)at 
the end of the exponential phase, while dead cells 
were first subjected to autoclaving at 121  for 
30min as suggested by Tamer[18] and A. Selatnia et 
al[19]. After rinsing with ddH2O three times, live and 
dead cells of Bacillus were prepared as biosorbents 
for Thallium biosorption. 

 
Metal solution for biosorption. A 1000mg/L 

stock thallium solution used for this study  was of 
analytical grade, and it was supplied by analytical 
center of Guangzhou. 

 
Effect of pH, agitation speed and biosorbent 

dose on biosorption. The impact of solution pH 
,agitation speed and biosorbent dose on thallium 
biosorption was investigated using the different 
biosorbents and conducted at different pH values 
(ranging from 2.0 to 7.0) containing 20ml of metal 
solution. The pH adjustment was done with the 
addition of either 0.1 M HCl or NaOH[20] , agiation 
speeds from 60-180 r/min and different biomass 
densities(0.5-2.5g/L)were tested in parallel. 

 
Effect of contact time on biosorption 

experiments. The bacterial biosorbent(1g/L)was 
suspended in 20ml of thallium solutions in 100 ml 
flasks. The cell/metal suspensions were 
shaken(150r/min) at 25 . The pH of the solution 
was initially adjusted to 6.0, to avoid precipitaion of 
thallium in the form of thallium hydroxides[21]. 
Samples were taken from the solutions at desired 
time intervals from 0 to 540min and were 
subsequently centrifuged at 14,000r/min for 5min. 
the Thallim concentration in the resulting 
supernatant was determined using FAAS. 

 

FT-IR analysis.  Samples were 
analyzed using Fourier transform Infrared(FT-IR) 
spectroscopy to give a qualitative and preliminary  
characterization of the main functional chemical  
groups present on the bacterial biomass, which are 
responsible for thallium biosorption. A raw sample 
and biomass loaded with thallium were analyzed 
using the KBr pressed disk technique[22-23]. 

 
Adsorption  experiments. In this study, the 

biosorption isotherms of thallium were obtained at 
a pH of 6.0. The sorption experiments were carried 
out using 50mg of each biosorbent in conjunction 
with different concentration of thallium in 50ml of 
deionized water. The solutions were shaken at 150 
r/min for 1h until equilibrium was attained. Then, 
the sample were centrifuged at 14,000 r/min for 
5min and the thallium conecntration in the 
supernatants was measured by FAAS. Experiments 
were conducted at room temperature(22±1 ). All 
the adsorption experiments were performed in 
duplicate. 

 
Data evolution. The specific metal 

biosorption was calculated using the following 
equation: 

                    (1) 

Where qe is the specific metal biosorption (mg 
meatl/g biomass) , V is the volume of metal 
solution(L), Ci and Ce are the initial and equilibrium 
concentration of metal(mg metal/L),respectively, 
and M is the dry weight of the biomass[24]. 

 
 

RESULTS 
 
Effect of pH on the biosorption capacity. 

The pH is one of the most important parameters 
having a strong influence on the adsorption of metal 
ions. Many research showed that the affinity of 
cationic species for the functional groups presents 
on the cellular surface is strongly depended on the 
pH of the solution. The effect of pH on the 
biosorptive capacity of Thallium by Bacillus was 
evaluated at an initial concentration of 20mg/L, 
60min contact time, and 25 . At low pH, there 
was a high concentration of proton in the solution 
and this proton competed with metal ions in 
forming a bond with the active sites(the functional 
groups) on the surface of the strains. These bonded 
active sites thereafter became saturated and was 
inaccessible to other catioin. These results were in 
good agreement with the findings of previous 
researchers[25]. On the other hand, an increase in pH 
meant a lower quantity of protons, which caused a 
decrease in the competition between proton and 
heavy-metal ions. Hence, an increase in the 
sorption capacity(or removal efficiency) could be 
observed. To ensure no interference from metal  
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FIGURE 1 

Transmission Electron Microscope mocrograph of the crinkly spore surface of strain Bacillus after 24h 
culture on nutrient agar medium.( JEM-1230). 

 
FIGURE 2  

Effect of pH on biosorption of Thallium by live and dead cells of Bacillus(Initial Thallium 
concentration:20mg/l; temperature:25 ; agitation speed 150rpm/min; biosorbent dose:1g/l). 

 
FIGURE 3 

Effect of agitation speed on biosorption of Thallium by live and dead cells of Bacillus(Initial Thallium 
concentration:20mg/l; temperature:25 ; pH:6.0; biosorbent dose:1g/l). 
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precipitation, subsequent experiments were carried 
out at pH 6[26]. 

 
Effect of agitation speed on the biosorption 

capacity. As can be seen in Fig. 3, the effect of 
agitation speed on Thallium biosorption by live and 
dead Bacillus had similar trends, where maximum 
biosorption capability was found at 150 r/min. The 
monitored biosorption capacity increased to 
12.38mg/g for live cells and 19.84mg/g for dead 
ones as the agitation speed changed from 60 to 180 
r/min. It has been reported that in the biosorption 
system, agitation brought more contant between the 
metal ions and biosorbent bindings sites, which 
promoted the transference of Thallium by live and 
dead biomass was more effective with little high 
agitation. Showing good agreement with fomer 
reports of Li [27]. 

 
Effect of biosorbent dose. Many researchs 

have indicated that biosorbent dose was also an 
important parameter affecting biosorption acpacity 
as well as removal efficiency. As clearly depicted 
in Fig. 4 the removal ratio increased gradually as 
the biosorbent concentration increased from 0.5 to 
2.5g/L, simultaneously the biosorption capacity fell 
inversely. When using live strain, a maximum 
Thallium biosorption of 12.38mg/g was observed at 
a dosage of 0.5g/L,  while the corresponding 
removal ration was 47.7%. As shown at the cross 
point of the two lines for live cells,47.55% of 
Thallium was removed at a 1.0g/L dosage,where 
the biosoption capacity was 9.51mg/g, not much 
lower compared with 8.05mg/g at 1.5g/L or 
7.01mg/g at 2.0g/L. As to dead biosorbents, the 
removal efficiency was only whilst the maximum 
capacity of 19.08mg/g was attained at the lowest 

dosage. At the dose of 2.0g/L, 7.84mg/g of 
biosorption capacity was achieved with 78.35% 
removal, being better than 6.83mg/g biosorption 
and 85.65% removal vaules at 2.5g/l dosage, It s 
obvious that with the increase of biosorbents, more 
bindings sites were available and thus the removal 
efficiency went up. However, under specific initial 
concentration. Redundant biosorbents were not 
necessary for an efficiency began to reduce with the 
decrease of metal ions. Hence, it could be stated 
that 1g/L was the optimum biosorpent dose for 
further tests, where adequate biosorption capability 
could be obtained with a high removal ratio. 

So far, the optimum conditions for Thaillum 
biosorption and removal were determined as pH 
6.0, agitated at 150 rpm and at a dose of 1g/L, and 
all the following biosorption experiments were 
conducted under these conditions. 

 
Effect of initial concentration. As shown in 

Fig.4, with the increase of initial metal ions, 
biosorption capacity and removal ratio changed 
inversely. The Thallium biosorption process of live 
and dead cells of Bacillus exhibited similar trends 
over the initial concentration range of 0.5 to 20 
mg/L. However, the removal ration of live 
biosorbents decreased more rapidly compared with 
that of dead ones. The equilibrium biosorption 
capability of live biomass was always lower than 
that of dead strain and the difference seemed to 
increase with increased initial concentration. The 
lowest removal ratio was achieved at the highest 
initial Thallium concentration. Where the 
equilibrium biosorption capacity for live biomass 
was 9.79mg/g, while dead cells were able to uptake 
14.25mg/g Thallium by each gram of dry cells. 

 

 
 

FIGURE 4 
Effect of biosorbent dose on biosorption capacity and removal efficiency of Thallium by live and dead cells 

of Bacillus(Initial Thallium concentration:20mg/l; temperature:25 ; pH:6.0; agitation speed 
150rpm/min). 
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FIGURE 5   
Biosorption capacity and removal efficiency of Thallium by live and dead cells of Bacillus over initial 

concentration ranging from 0.5 to 20mg/l. 

 
FIGURE 6  

Effect of contact time on biosorption of Thallium by live and dead cells of Bacillus at an initial Thallium 
concentration of 20mg/l. 

 
Effect of contact time. The effect of contact 

time on biosorption equilibrium by live and dead 
cells of Thallium at initial concentration of 1g/L 
were represented in Fig.5, from which the least time 
required for biosorption equilibrium could be 
concluded. In the case of dead biomass, the time 
required for equilibrium was 60min[28], after that 
the q value was nearly constant,indicate that the 
first phase of biosorption is always rapid, and it is 
considered to be a spontaneius process with no 
energy consumed. When using live cells of Bacillus 
as biosorbents the contact time necessary to reach 
equilibrium was different initial metal 
concentration. When the initial Thallium 
concentration was 1mg/L, 91% of total biosorption 
capacity was obtained within 60min, as the capacity 
began to increase slowly from 60min. it suggested 
that the intracellular bioaccumuation might also 
contribute to be uptake of Thallium ions, in 

addition to the rapid adsorption to the rapid 
adsorption by the cell surface. 

 
FT-IR analysis. FT-IR analysis was 

performed to give a qualitative and preliminary 
analysis of the main functional groups present on 
the cell wall which may be responsible for Thallium 
biosorption. Fig.7 represents the FT-IR spectrum 
for the bacterial biomass controls of lyophilized no 
added Thallium and the biomass after Thallium 
biosorptiion. The FT-IR spectra of natural live and 
dead biomass showed broad and strong bonds at 
3378.70cm-1 and 3438.58cm-1, respectively, 
indicating bounded hydroxyl(-OH) or amine(-NH) 
groups. The peaks at 2951.51 cm-1 of live biomass; 
the peaks at 2943.52 cm-1 of dead biomass were 
attributed to the stretching vibration of (-CH2) 
groups. The absorption bonds to observed at 
1637.31 cm-1 of live biomass, 1645.99 cm-1 of dead 
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biomass are an indication of the presence of C=O, 
1398.47 cm-1(live),1372.92 cm-1(dead) are mainly 
attributed to NH,-CN stretch and 1245.15 cm-

1(live), 1236.37 cm-1(dead) (mainly C-N stretch) 
could be attributed to the amine I, II and III bonds 
of protein fractions. The peak at 1245.15 cm-1 
might also be due to a symmetrical vibration of 
C=O for live biomass. The moderately strong bonds 
at 1065.89 cm-1 for living material and 1048.3 cm-1 
for dead biosobent could be assigned to the C-N 
stretching vibration of an amide bond or C-O 
stretching of alcohols and carboxylic acids. 
Praticular absoption bonds for an aromatic structure 
were also obtained at 579.22 cm-1 for live biomass 
and 570.83 cm-1 for dead biomass as reported by 
LinVien et al[29]. It seemed that the FT-IR spectra of 
the two biosorbents were nearly the same except for 
the significants shifts at 3438.58 cm-1 and 1372.92 
cm-1 for dead biomass. 

The FT-IR spectrum of the loaded biomass 
with Thallium, is shown in(Fig.7). A trial to 
compare between the spectrum of a native biomass 
with a biosorped one it can reval the following: 
The broadening and stretching of the band 
characterzing the presence of C=O groups was 
observed at the range of 1630-1650 cm-1 and 
indicates an interaction between Thallium and C=O 
groups on the surface of the biomass. II) The 
shifting and broadening of the bands located at 

1637.31 cm-1 and 1645.99 cm-1 [30]were due 
to the loading effect of metal. These broadenings 
can be explained by the involvement of H-
bonding(Sar et al., 1990).III)The stretching of the 
1048.73 cm-1 band was attributed to the loading of 
Thallium as a result of the interaction of Thallium 
with phosphate groups[31].IV)The bands located in 
the range 3350-3450 cm-1 verify the interaction that 
took place on both the hydroxyl and amine groups-
the bands became more intense and broader after 
the biosorption reaction had taken place indicationg 
the formation of more OH- groups by Thallium 
complexation. V) Also the bands at 1637, 1645 cm-

1 became broader after biosorption had taken place 
on carboxyl. The transmittance of the peaks in the 
loaded biomass is substantially lower than those in 
the raw sample of the bacterial biomass[32]. This 
indicates that bond stretching occurs to a lesser 
degree due to the prenence of Thallium, and the 
following peak transmittance is reduced. The 
change in the transmittance of the amino, hydroxyl, 
and phosphate groups in the FT-IR spectrum for 
metal-loaded biomass of Bacillus indicated that 
these groups are possibly involved in 
Thalliumbiosorption. These results are in agreement 
with Norton et al., who stated that the biosorption 
of Thallium to the biosolids of activated sludge 
caused a decrease in the absorbance compared to 
the raw sample. 
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FIGURE 7 

FT-IR spectrum of live and dead biosorbents loaded with and without Thallium. 
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FIGURE 8 

The linear form of Langmuir biosorption of Thallium by live and dead cells of Bacillus. 
 
 

 

 
FIGURE 9 

The linear form of Freundlich biosorption of Thallium by live and dead cells of Bacillus. 
The above observations indicate the 

involvement of these functional groups in the 
biosorption process. These result are in good 
agreement with those obtained by other 
authors(Komy)et al.,2006; who come to the 
conclusion that the main functional groups 
responsible for biosorption of heavy metals are 
carboxylic, hydroxyl,and amine groups. 

 
Biosorption isotherm. The biosorption 

isotherm curve represents the equilibrium 
distribution of metal ions between the aqeous and 
solid phases. The equilibrium distribution is 
important in determing the maximum biosorption 
capacity. Several isotherm models are available to 
describe this equilibrium distribution. The two most 
common types for describing biosorption are the 
Langmuir and Freundlich models[33-34]. The 
Langmuir isotherm model was chosen to estimate 
the maximum adsorption capacity corresponding to 
complete monolayer coverage on the biomass 

surface. The Freundlich model was chosen to 
estimate the adsorption intensity of the biosorbent 
towards the biomass. The mathematical formula of 
Langmuir equation can be expressed as[35]: 

                                   (2) 
 

The linear Langmuir isotherm is represented 
by the following equation: 
 

      (3) 
Where, qmax is the Langmuir costant(mg/g) 

reflecting the biomass adsorption capacity of the 
metal ion per unit weight of biomass to form a 
complete monolayer on surface bound at high Ceq. 
The value Langmuir constant, b(L/mg), represents a  
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TABLE 1 
The Langmuir and Freundlich biosorption isotherm constants for Thallium by live and dead Bacillus 

biosorbents. 
 

strain 
Langmuir model   Freunclich  

qmax(mg/g) b(l/g) R2 Kf n R2 

live 12.38±0.007 0.1401 0.9739 2.717 0.9321 0.9655 
dead 19.84±0.01 0.0667 0.9867 8.722 0.9671 0.9242 

 
ratio of adsorption rate constant to desorption 

rate constant, which also gives an indication of the 
affinity of the metal for binding sites on the 
biosorbent. The maximum adsorption capacity qmax, 
and b can be determined from the linear form of 
Langmuir equation Eq(3) by plotting Ceq/qeq verus 
Ceq. 

The Thallium biosorption performance by live 
and dead cells of Bacillus biomass was achieved by 
measurements at initial concentration of 0.5-
20mg/L, 60min contact time,and pH 6.0 as shown 
in Fig.4. The figure indicate the relationship 
between the amount of Thallium adsorbed(mg/g) by 
live and dead cells versus the concenration of 
Thallium ion remaining in solutin(Ceq). A good fit 
by the Langmuir model indicates that the 
biosorption fo Thallium could be characterized by a 
monolayer formation of the metal on the surface fo 
the biomass and belongs to a single type 
pheomenon with no interactions between sorbed 
metal. The data were found to fit the Langmuir 
model reasonably well as shown in Fig.5. Linear 
transfomation of the data using the Langmuir 
parameters are summarized in Table 1. The 
maximum biosorption capacity(qmax)of live and 
dead cells are 12.38 and 19.84mg/g, respectively. 
The results indicated that the biosorption of 
Thallium by dead cells was higher than live cells. 
The b value of live and dead cells are 0.1401 and 
0.0667 l/mg, respectively. 

The Freundlich isotherm equation is originally 
empirical in nature, but it was later interpreted to be 
used in the case of sorption on heterogeneous 
surface or surfaces supporting sites to different 
affinities. The general form of the Freundlich 
isotherm equation is written as follows[36]:   
 

                                                 (4) 
 

The linear form of this model is given in 
eq.(5) 
 

                                  (5) 
 

Where, Kf and n are the adsorption capacity 
and the intensity of adsorption, respectively. 
Freundlich parameters can be determined from the 

linear form of the eq.(5) by plotting the In q verus 
In Ce, the slope is the value of 1/n and the intercept 
si equal to In Kf. The linear form of the Freundlich 
equation for the biosorption of Thallium by live and 
dead cells of Bacillus is shown in Fig.6. The value 
of Freucdlich parameters are summarized in Table 
1. From Tabel 1, the magnitude of Kf and n show a 
higher uptake of Thallium using dead cells 
compared live cells. The highest Kf and n values 
were 8.722 and 0.9671 for dead cells and 2.717 and 
0.9321 for live cells, respectively. Table 1 also 
indicates that n is greater than unity, indicating tha 
Thallium ions are favorably adsorbed by live and 
dead cells of Bacillus. 

From Table 1, very high regression correlation 
coeffcients(>0.92) were found at all Thallium 
biosorption studied. The high correlation 
coefficients show that both the Freundlich and 
Langmuir models describe the biosorption 
equilibrium of Thallium by the live and dead cells 
of Bacillus in the studied concentration range. 

Generally, these data indicate that the 
biosorption capacity increased with increased with 
increasing initial Thallium concentration. This 
biosorption characteristic indicates that the surface 
saturation is dependent on the initial metal ion 
concentration. At low concentration, adsoption sites 
took up the available metal more quickly. However, 
at higher concentration, metals need to diffuse into 
the biomass surface by intraparticular diffusion and 
greatly hydrolyzed ions will diffuse at a lower 
rate[37]. 
 
 
DISCUSSION AND CONCLUSIONS 
 

The biosorption of Thallium by live and dead 
cells of Bacillus strain has been investigated at 
optimum conditions determined in advance. Batch 
biosorption experiments with regard to initial metal 
concentrations, contact time, competitive 
biosorption and FT-IR analysis were performed in 
this research. When live and dead cells of Bacillus 
were employed as biosorbents, the experimental 
maximum biosorption capacity turned out to be 
19.84mg/g and 12.38mg/g, respectively. At various 
initial Thallium concentrations, batch biosorption 
data of live and dead cells was fitted with well with 
the Langmuir and Freundlich adsorption isotherms 
equations in the studied metal concentration. 
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Taking into consideration of present findings, dead 
cells of Bacillus proved to be more efficient and 
low-cost biosorbents than live ones, which can be 
utilized as an alternative for the treatment of 
wastewater. 
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ABSTRACT 

 
Izmit Bay, located in the Marmara Sea, is a 

highly important region in terms of aquatic 
ecosystems, marine transportation, shipping and 
industrial sector. Due to the residential areas and  
the industrial activities around the bay, this region 
is affected by both domestic and industrial wastes. 

In this study, the environmental relationships 
between the macro algae species Ulva rigida C. 
Ag., Enteromorpha sp., Gracilaria sp., Porphyra 
sp., Gelidium sp. and Ceramium sp. in the littoral 
zone of Izmit Bay and the heavy metals in the sea 
water (Al, Fe, Cd, Zn, As, Cr, Mn) were evaluated 
using the Canonical Correspondence Analysis 
(CCA). The same method was also used to evaluate 
the environmental relationships between these 
macro algae species and the sea water parameters, 
such as; NH4-N (mg/L), NO3-N (mg/L), NO3

- 

(mg/L), PO4-P (mg/L), PO4
-3 (mg/L), suspended 

solids (mg/L), Temperature (0C), Conductivity 
(μS/cm), Ph and Dissolved oxygen mg l ). 

According to the Canonical Correspondence 
Analysis (CCA) results, the marine algae species 
and the heavy metals show that the correlation 
between the variables on the axis 1 was significant 
(p = 0.01).  Enteromorpha sp., Gelidium sp., and 
Gracilaria sp. The distributions were positively 
correlated, especially with the heavy metals such 
as; As, Mn and Zn, whereas, the situation for Ulva 
rigida C. Ag. and Ceramium sp. was the opposite. 
On the other hand, Enteromorpha sp. and Gelidium 
sp., both showed positive correlations with the 
values of PO4-P and   PO4

-3, where Ulva rigida C. 
Ag. and Ceramium sp. showed a negative 
correlation with these parameters. 

 
 

KEYWORDS: 
Canonical correspondence analysis, heavy pollutant, 
environmental factors. 

 
 

INTRODUCTION        
 
In our world, where industrialization is rapidly 

increasing, ecological and biological balances are 

also changing. Urban and industrial activities, such 
as; power industry, transport, municipal waste 
management, waste dumping sites and fertilisers, 
contribute to the introduction of significant amounts 
of pollutants in the marine environment which, 
directly or indirectly affects the coastal ecosystem. 
Many contaminants entering the marine 
environment, however, have the ability to move 
into various solid components of an ecosystem. For 
example, heavy metals accumulate in sediment and 
macro-algae or can be connected within the organic 
matrix [1]. Marine organisms can be used as 
monitors to give information on the concentrations 
of heavy metals in the surrounding environment. 
Marine algae species are usually used to indicate 
heavy metal levels in both estuarine and coastal 
waters all over the world. In benthic food webs, 
marine algae are the key links, and they act as time 
integrators of pollutants [2]. Pollution by heavy 
metals, is considered to be a serious problem, due 
to their toxicity and their ability to accumulate in 
the biota [3]. Heavy metals, such as lead (Pb), 
copper (Cu), cadmium (Cd), zinc (Zn), and nickel 
(Ni), are among the most common pollutants found 
in both industrial and urban effluents. In low 
concentrations, some heavy metals (Cu, Ni, and 
Mn) are essential trace elements for photosynthetic 
organisms; however, at higher concentrations, it is 
important to determine the cause of serious toxic 
effects of these metals [4]. There are several studies 
that are related to the water quality, heavy metal 
and the sources of pollution of the Izmit Bay [5 - 
10].The Bay, which is an important region in terms 
of the marine ecosystem, is heavily affected by the 
pollutants caused by marine transportation and by 
discharged industrial and domestic wastes. Illegal 
discharges into the bay, also lead to an increase in 
the heavy metal load within the sea area [11].  

In this study, the environmental relationships 
between the macro algae species  of Ulva rigida C. 
Ag., Enteromorpha sp., Gracilaria sp.,Porphyra 
sp., Gelidium sp. and Ceramium sp.,  showing a 

Bay and the heavy metals such as; Al, Fe, Cd, Zn, 
As, Cr and Mn in the sea water were evaluated 
using the Canonical Correspondence Analysis 
(CCA). The same method was also used to evaluate 
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the environmental relationships of these macro 
algae species with the sea water parameters; that is, 
NH4-N (mg/L), NO3-N (mg/L), NO3

- (mg/L), PO4-P 
(mg/L), PO4

-3 (mg/L), suspended solids (mg/L), 
Temperature (0C), Conductivity (μS/cm), pH and 
Dissolved oxygen (mg l ) respectively. 

 
 

MATERIALS AND METHODS  
 
Izmit Bay, which has a surface area of 261 

km2
, is approximately 50 km long, 1.8-9 km wide 

and a narrow marine space, that is located at the 
eastern end of the Marmara Sea.  The study area is 
located between the coordinates of 29° 37.16' and 
29° 56.70' E and 40° 39.73' and 40° 49.46' N 
respectively (Figure 1). The eastern section, which 
is the smallest component of the entire system, is 
about 15 km in length and relatively shallow, 
having a maximum depth of about 35 m. The 
c
component of the system, is about 20 km long, and 
the bottom topography varies considerably, north-
southerly in direction; its northern part is relatively 
shallow, with an average depth of about 60 m and 
the depth increases to  approximately 180 m in the 
southern section   [12]. 

 
 

FIGURE 1 
 

(http://www.koeri.boun.edu.tr.sismo.map). 
 
 

The relationships of the macro algae 
communities with the concentrations of heavy 
metal  like; Al, Fe, Zn, Cd, As, Cr and Mn and the 
physicochemical parameters of the sea water were 
investigated seasonally during the study period, 
from January 2011 to November 2011 in 4 stations 

sampling stations, were chosen in accordance with 
the objectives of the study, because of the seasonal 
distribution of the species which were in an orderly 
manner and the polluting factors which are also at 
high density. The samples of Ulva rigida C. Ag., 
Enteromorpha sp., Gracilaria sp., Porphyra sp., 
Gelidium sp., Ceramium sp. were collected by hand 
from a depth between 0 and 2.5 m of the Izmit Bay 
and fixed in a 4% formaldehyde solution. The water 
samples were collected at the same time with the 
algal sampling at the research stations, to measure 
the heavy metal concentrations and physico-
chemical parameters.  

The concentrations of the heavy metals were 
measured using an Agilent 7700 series ICP-MS 
instrument. The temperature of the water, dissolved 
oxygen, pH, and specific conductivity were 
measured in situ at all sampling stations with 
portable instruments (with CTD probe, YSI 
Incorporated). The nutrient concentrations of 
seawater were measured as milligram per liter 
(mg/l) by the methods of Solorzano and Mc Greery 
[13] for ammonia (NH4-N), Snel and Snel [14] for 
nitrite (NO2-N), the Braun Systematik 
(Methodenblatt N 60) for nitrate (NO3

-N) and 
Vanadate-Molybdate-Reagent (Merck 
Wasseruntersuchung) [15,16] for phosphate (PO4-
P) in the study. For each measurement, analytical 
grade chemicals were used [17]. 
Spectrophotometric measurements were carried out 
by using a Hach DR 2000 spectrophotometer. CCA 
was used to examine the relationship between the 
marine algae species, ecological factors, the most 
important factors in the separation of heavy metals 
and the distribution of the species [18]. The 
variables and the algae used in the statistical 
analysis were abbreviated with relevant codes  that 
are given in Tables 1,2,5 and 6 

Canonical Correspondence Analysis (CCA) 
was used to examine the relationship between the 
marine algae species and the ecological factors 
[18]. The variables and the algae used in the 
statistical analysis, were abbreviated with relevant 
codes that are given in Tables 1,2,5 and 6. 
 
 
RESULTS 
 
When the correlation between the marine algae 
species and the heavy metals were evaluated, 
Enteromorpha sp., Gelidium sp., and Gracilaria sp. 
were determined to have a positive correlation, 
especially with As, Mn and Zn (heavy metals), 
whereas, Ulva rigida C. Ag. and Ceramium sp. had 
negative correlations. Tables 1 and 2.  
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TABLE 1 
Inter-set correlations for 7 factors, that is, heavy pollutants. 

 
Correlations 
Variable and code Axis 1 Axis 2 
Aluminium (Al) 0.483  0.652 
Iron (Fe) -0.181 0.699 
Cadmium (Cd) -0.545 0.818 
Arsenic (As) 0.799 0.313 
Chromium (Cr) 0.722 0.182 
Manganese (Mn) 0.805 0.204 
Zinc (Zn) 0.657 0.339 
 
 

TABLE 2 
Inter-set correlations for 6 factors, that is, marine algae species. 

 
Correlations 
Variable and code Axis 1 Axis 2 
Ulva rigida C. Ag. (ulvrig) -0.875 -0.149 
Enteromorpha sp.(entrsp) 0.876 - 0.466 
Gracilaria sp.(gracsp) 0.603 0.616 
Porphyra sp. (porpsp) -0.003 0.144 
Gelidium sp.(gelisp) 0.669 0.394 
Ceramium sp.(cerasp) - 0.739 -0.049  
 
 

TABLE 3 
Monte Carlo test results-eigen values. 

 
 Randomized data 
--------------------------------------------------------------------------------------------------------     
   Real data                                              Monte Carlo test  99 runs 
  ------------                                           ------------------------------------- 
  Axis      Eigenvalue                            Mean    Minimum   Maximum       p 
  ------------------------------                -------------------------------------------------- 
     1         0.571                                     0.316       0.124          0.498        0.0101 
     2         0.172                                     0.125       0.067          0.202 
     3         0.146                                     0.069       0.024          0.114 
-------------------------------------------------------------------------------------------------------- 
p = proportion of randomized runs with eigen value greater than or equal to the observed eigen value; that is, p = 
(1 + no. permutations  observed)/(1 + no. permutations) p is not reported for axes 2 and 3 because, using a 
simple  randomization test for these axes may bias the p values. 
 

 
As seen above, the value of the axis 1 

indicates the highest change in marine algae 
distribution. According to the Monte Carlo test 
(Table 3), the marine algae and the heavy metals 
show that the correlation between the variables on 
the axis 1 is significant (p = 0.01).  

According to Figure 2, heavy metals, such as; 
Al, Cd, Mn, Zn and As, all show parallel variations 
with Ent.sp, Geli.sp and Grac.sp because they are 

located on the right part of the graph. On the other 
hand, even though it is not so clear, Fe and Cr tend 
to be located on the left part of the graph and the 
species of Cera.sp and ulvrig are also found on the 
left side of the graph. The distribution of the species 
indicates insignificant variation in terms of seasons.  
However, the stations play an important role in 
deciding the locations of the species in the graph.  
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FIGURE 2 

The relationships between heavy metals and marine algae. 
 

 
TABLE 4 

Monte Carlo test results: Marine algae - heavy metals correlations. 
 
Randomized data 
--------------------------------------------------------------------------------------------------------  ----   
   Real data                                              Monte Carlo test  99 runs 
  ------------                                           ------------------------------------- 
  Axis   Spp-Envt Corr.                             Mean       Minimum        Maximum               p 
---------------------------------------------------------------------- -------------------------------------- 
    1         0.986                                          0.770         0.599              0.934                 0.0101 
    2         0.968                                          0.779         0.421              0.965 
    3         0.907                                          0.638         0.342              0.964 
p = the proportion of randomized runs with species-environment correlation is greater than or equal to the 
observed  species-environment correlation; that is, p = (1 + no. permutations observed)/(1 + no. permutations) 
p is not reported for axes 2 and 3 because, using a simple   randomization test for these axes may result in a 
biased p values. 
 

In the study, Ulva rigida C. Ag., 
Enteromorpha sp., Gracilaria sp., Porphyra sp., 
Gelidium sp.,  Ceramium sp. and the chemical 
parameters in the sea water, ((NH4-N (mg/L), NO3-
N (mg/L), NO3

- (mg/L), PO4-P (mg/L), PO4
-3 

(mg/L), suspended solids (mg/L), Temperature 

(0C), Conductivity (μS/cm), Ph and Dissolved 
Oxygen (mg l )) were evaluated using the 
Canonical Correspondence Analysis (CCA). The 
Inter-set correlations for 10 factors, which is the 
chemical parameters and the Inter-set correlations  
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TABLE 5 
Inter-set correlations for 10 factors,  that is, chemical parameters. 

 
Correlations 
Variable and code Axis 1 Axis 2 
NH4-N (mg/L) - NH4N - 0.148 -0.446 
NO3-N (mg/L) - NO3N 0.534 0.229 
NO3

- (mg/L) - NO3 0.283 0.930 
PO4-P (mg/L) - PO4P 0.773 - 0.081 
PO4

-3 (mg/L) - PO43 0.778 - 0.184 
Suspended solids (mg/L)   sussol - 0.155 0.065 
Temperature (0C) -TEMP -0.082 0.078 
Conductivity (μS/cm) - EC 0.318 - 0.247 
pH  pH -0.267 0.204 
Dissolved oxygen (mg l ) -  DO 0.085 - 0.024 
 
 

TABLE 6 
Inter-set corelations for 6 factors  i.e. marine algae species. 

 
Correlations 
Variable and code Axis 1 Axis 2 
Ulva rigida C. Ag. (ulvrig) -0.891 0.157 
Enteromorpha sp.(entrsp) 0.855 0.468 
Gracilaria sp.(gracsp) 0.571 -0.610 
Porphyra sp. (porpsp) 0.050 -0.222 
Gelidium sp.(gelisp) 0.702 -0.389 
Ceramium sp.(cerasp) -0.727 0.024 
 

TABLE 7 
Monte Carlo test results-eigenvalues. 

 
 Randomized data 
--------------------------------------------------------------------------------------------------------     
   Real data                                              Monte Carlo test  99 runs 
  ------------                                           ------------------------------------- 
  Axis      Eigenvalue                            Mean    Minimum   Maximum           p 
  ------------------------------                ----------------------------------------------------- 
     1         0.566                                     0.417       0.156          0.553            0.0101 
     2         0.175                                     0.164       0.100          0.214 
     3         0.152                                     0.106       0.049          0.163 
-------------------------------------------------------------------------------------------------------- 
p = proportion of randomized runs with eigenvalue greater than or equal to the observed eigenvalue; that is, p = 
(1 + no. permutations observed)/(1 + no. permutations) p is not reported for axes 2 and 3 because, using a 
simple randomization test for these axes may bias the p values. 
 
 
or 6 factors, the marine algae species are given in 
Table 5-6. 

When the correlation between the marine 
algae species and the chemical parameters were 
evaluated for axis 1, Enteromorpha sp. (0.855) and 
Gelidium sp. (0.702) were determined to have a 
positive correlation with the values of PO4-P and 
PO4

-3; whereas, Ulva rigida (- 0.891) and 

Ceramium sp. ( - 0.727) showed a negative 
correlation with these parameters as shown in 
Tables 5 and 6.  

Marine algae and chemical parameters showed 
that  axis 1 were significant (p = 0.01). However, 
the correlations with the other axes were less 
significant (Table 7). 
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FIGURE 3 

The relationships among chemical parameters and marine algae. 
 
 

NO3-N, NO3
-, PO4-P and PO4

-3 showed 
parallel variations because those chemical 
parameters are located on the right part of the 
graph. Ent.sp, Geli.sp and Grac.sp, are also found 
on the right hand side of the diagram. NH4-N tends 
to be located on the left part of the graph and 
Cera.sp and ulvrig are also found on the left side of 
the graph. The distribution of the species indicates 
insignificant variation in terms of the seasons. It 
was determined that NO3-N, NO3

-, PO4-P and PO4
-3 

parameters were effective in the distribution of 
Ent.sp, Geli.sp and Grac.sp in the 1st and 3rd 
stations, and   NH4-N  parameter was effective in 
the distribution of Cera.sp and ulvrig in the 2nd 
station. However, the stations play an important 
role in the locations of the species in the graph 
which is given in figure 3. 
 
 

DISCUSSION  
 
Aquatic systems are one of the most important life 
sources of the ecosystem with their physical, 
chemical and biological structures. In this study, the 

(Ulva rigida C. Ag., Enteromorpha sp., Gracilaria 
sp., Porphyra sp., Gelidium sp. and Ceramium sp.) 
and the environmental parameters were evaluated 
using  Canonical Correspondence Analysis (CCA). 

temperature was measured as 16.46±6.11 ºC  
(maximum 24 ºC, minimum  10 ºC), pH as 7.5  
0.37 (8.1- 7.1), dissolved oxygen as  9.51  1.43 
mg/L  (12.7- 7.2 ),  electrical conductivity as 
38.18 2.64 μS/cm (41.8 - 30.2), suspended solids 
as 16.60 mg/L (33.5  0.8), PO4

-3 as 0.36 0.17 
mg/L (1.3  0.11), PO4-P as 
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TABLE 8 
Monte Carlo test results: Marine algae  chemical parameter correlations. 

 
Randomized data 
--------------------------------------------------------------------------------------------------------  ----   
   Real data                                              Monte Carlo test  99 runs 
  ------------                                           ------------------------------------- 
  Axis   Spp-Envt Corr.                             Mean       Minimum        Maximum               p 
---------------------------------------------------------------------- -------------------------------------- 
    1         0.982                                          0.865         0.675              0.978                 0.0101 
    2         0.968                                          0.893         0.669              0.985 
    3         0.903                                          0.802         0.530              0.979 
 
 
p = the proportion of randomized runs with species-environment  with correlation greater than or equal to the 
observed  species-environment correlation; that is, p = (1 + no. permutations  observed)/(1 + no. permutations) 
p is not reported for axes 2 and 3 because, using a simple  randomization test for these axes may result to a 
biased p values. 
 
 
0.19 0.01 mg/L (0.45-0.11), NO3

- as 8.16 1.20 
mg/L (10.2 - 6.4), NO3-N as 1.77  0.05 mg/L (2.1- 
1.3) and NH4-N as 0.18 0.02 mg/L (0.5 -0.06). The 
temperature, the oxygen values and the other 
physico-chemical parameters of aquatic systems 
vary depending on the location of the stations, 
seasons, the polluting factors around them, the 
amount of the substances in them and wave 
motions. The values determined in the study show 
similar results with the previous studies carried out 

 [11,12,19]. 
There were many environmental factors 

affecting the growth and distribution of  marine 
algae.  However, the main impacting factors varied 
between station areas. According to figure 3, NO3-
N, NO3

-, PO4-P and PO4-3 showed parallel 
variations because, those chemical   parameters are 
located on the right of the graph. Ent.sp, Geli.sp 
and Grac.sp, are also found on the right hand side 
of the diagram. NH4-N tends to be located on the 
left part of the graph, and Cera.sp and ulvrig are 
found on the left side of the graph. In the study, the 
values of Nitrate Nitrogen (NO3-N), Nitrate (NO3

-), 
Orthophosphate (PO4-P) and Phospate (PO4

-3), 
which are effective in the development of the algae, 
were determined to be significant in the distribution 
of the species Enteromorpha sp., Gelidium sp. and 
Gracilaria sp. It was determined also, that these 
factors were not very effective in the distribution of 
the species Ceramium sp. and Ulva rigida, and 
were not determinative in the distribution of 
Porphyra sp. as it is a specie that is sensitive to 
seasonal conditions. The chemical parameters were 
determined to be effective in the first, second and 
the third stations. It is considered that the 
parameters NO3-N, NO3

-, PO4-P and PO4-3 

determined the distribution of Enteromorpha sp., 
Gelidium sp. and Gracilaria sp. at stations 1 and 3, 
whereas, the NH4-N is effective in the distribution 
of Ceramium sp. and Ulva rigida in station 2. 

Phosphorus may be related to the use of detergents 
and the discharge of phosphate through the sewage 
system, particularly in the stations. The 
composition of macro algal communities, has also 
been found to reflect changes in environmental 
conditions. 

Heavy metal concentrations were found as Al 
(<0,001  - 3.79 ppm), Fe (<0,001 - 0.44 ppm), Cd  
(0.002 - 0.004 ppm), Zn (0.05 - 1.70 ppm), As 
(<0,001 - 0.03 ppm), Cr (<0,001 - 0.13 ppm), Mn 
(< 0,001 -  
Due to its complex in marine ecosystems, 
environmental factors were important in the 
distribution of marine algae. According to CCA 
analysis, Enteromorpha sp., Gelidium sp. and 
Gracilaria sp. were determined to have a positive 
correlation with the values of Zn, Cd, Mn and As, 
whereas, Ulva rigida and Ceramium sp. had a 
negative correlation. Entromorpha sp. and 
Gelidium sp. exhibits remarkable tolerances to a 
range of most of the environmental factors. 
However, Ulva rigida and Ceramium sp. shows a 
more sensitive distribution of the heavy metals such 
as; Mn, As, Zn, Cd. In figure 2, Al, Cd, Mn, Zn and 
As showed parallel variations because, those heavy 
metals are located on the right part of the graph and 
Enteromorpha sp., Gelidium sp. and Gracilaria sp. 
are also found on the right hand side of the 
diagram. These species were determined to be more 
tolerant of the values of Al, Cd, Mn, Zn and As. Fe 
and Cr tend to be located in the left part of the 
graph and the species that is, Ceramium sp. and U. 
rigida are found on the left side of the graph. The 
values of Fe and Cr are not thought to be an active 
factor for Ceramium sp. distribution in various 
environmental conditions and in the distribution of 
Ulva rigida, which is a heavy metal bio-indicator. 
However, Porphyra sp., which is a sensitive species 
to environmental factors, being found insignificant 
in the upper part of the graph, may be due to its low 
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ecological tolerance. When evaluated in terms of 
the stations, it was determined that Al, Cd, Mn, Zn 
and As values at station 1, and Fe and Cr values at 
Station 2, were higher, compared to the other 
stations. That is because of the density of the 
residential areas and heavy industrial plants within 
the vicinity of Station 1 and Station 2, and its also, 
a transit area mostly used for maritime 
transportation. The distribution of the species 
indicates insignificant variation in terms of the 
seasons. However, the stations play an important 
role to decide the locations of the species in the 
graph. At the same time, physical and chemical 
characteristics of the seawater are determined 
largely by the climatic, geomorphological and 
geochemical conditions prevailing in the drainage 
basin, and the underlying aquifer. The chemical 
quality of the aquatic environment varies according 
to local geology, the climate and the amount of soil 
cover, and so on[20]. These metals come from the 
effects of ships gasoline combustion, cathodic 
protection of the 
metal smelter industries (especially Dil Creek), Zn 
is derived from the domestic and industrial sewage. 
Fly ash constitutes a major pollutant of the coal 
burning process and is known to contribute notable 
quantities of Cd and Zn into the environment [21]. 
Elevated Cr, and Zn values indicate some 
anthropogenic pollution by the Dil Creek in the 
station 1 and station 2. On the other hand, Cd is 
bound to the ferro- manganese oxides and/or 
organic matter fraction, suggesting anthropogenic 
sources  [22].  Cr and Zn pigments and their 
compounds are used in metal plating and probably 
contributing some quantities of these metals into 
the coast region. Cd and Zn originate primarily 
from anthropogenic sources, whereas, the major 
part of the Al seems to come from natural sources. 
On the other hand, results showed that 
Enteromorpha sp., Gelidium sp. and Gracilaria sp. 
are tolerant to Al, Cd, Mn, Zn and As, while, 
Ceramium sp. and Ulva rigida are more tolerant to 
Fe and Cr. The distribution of the species indicates 
insignificant variation in terms of seasons.  
However, the stations play an important role in 
deciding the locations of the species on the graph. 
This situation is thought to be as a result of the 
proximity of the research stations to residential 
areas, the domestic and industrial pollutants carried 
by the streams flowing into the sea, marine 
transportation and fishery activities. In this study, 
which was carried out seasonally, it was determined 
that the seasons are not a determinant of the species 
except Porphyra sp. On the other hand, the 
locations of the stations and their structural 
properties were determined to be the most effective 
in the distribution of the other algae species. The 
difference in the distribution of metals and algae 
was attributed to the differences in inflow of 
effluents from industries, anthropogenic wastes, 

ship unloading and welding activities, which are the 
probable source of heavy metals in this region. 

In conclusion, long-term monitoring studies in 
the Izmit Bay are necessary for better 
understanding of the heavy metal and chemical 
parameters as well as macro algae distributions. 
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ABSTRACT 

 
The impacts of two hydroponic plants 

(Cyperus alternifolius and Canna generalis) and the 
apple snail (Pomacea canaliculata) on nutrient 
change behaviors and kinetics of alkaline 
phosphatase in eutrophic water were studied in this 
paper. A mesocosm experiment contained six 
different treatment systems was conducted from 
October to November 2014. The total removal rates 
of C. alternifolius and C. generalis for total 
nitrogen (TN), total phosphorous (TP) and 
chlorophyll a (Chl-a) contents were 74.9%, 79.8%, 
85.9% and 70.9%, 79.2%, 83.0%, respectively, and 
the function of organic P hydrolysis decreased as 
well, in terms of the lower velocity of reaction 
(lower Vmax) in overlying water combined with 
lower affinity for substrate (higher Km values) in 
interstitial water and surface sediment. On the 
contrary, the snails exhibited an activation on 
alkaline phosphatase in water body (higher Vmax 
and lower Km values), interstitial water (higher Vmax) 
and sediment (higher Vmax), despite the high P 
concentrations in these mesocosms. No obvious 
correlation was found between orthophosphate 
(PO4

3--P) and alkaline phosphatase activity (APA) 
in our study, indicated that the 

-
hypereutrophic water. Additionally, a remarkable 
feature is that snails coupled with plants would 
aggravate eutrophication in water column, due to 
the grazing of snails on plants as their food source. 
Our study highlighted to investigate the 
enzymology mechanism of 
macrophyte-snail-phytoplankton systems and to 
give some implications on the restoration of 
eutrophied water by using floating-bed systems. 
 
 
KEYWORDS: 
Hydroponic plant; Snail; Nutrient; Alkaline phosphatase 
activity; Eutrophic water 

INTRODUCTION 

 
Aquatic plants have been widely used for the 

treatment of wastewater and restoration of 
eutrophic water bodies, which are considered to 
have merits of low cost and aesthetic value [1-3]. 
Much attention has been paid to the effects of 
nutrient removal by plants, in relation to 
constructed wetland systems [4-6]. In those systems, 
plants are recognized as an indispensable part to 
regulate biological structures due to their essential 
chemical and physical properties. Through plant 
growth, nutrients can be assimilated continuously 
and eventually removed from water bodies by 
harvest. Moreover, the plants could provide a 
sizable surface area for attached microorganisms to 
thrive, and reduce flow intensity which would 
encourage particle settling and entrapment of 
suspended matters [1,5]. However, in terms of in 
site purification of hypereutrophic water, planted 
floating-bed technology is more flexible than 
traditional macrophyte-based constructed wetlands, 
not only because of occupying no land area, but 
because the improvement of nutrient uptake rate 
with rooting in water column directly [7-10]. 

The utilization of the floating-bed has been 
also found to be susceptible to ambient 
environmental factors. The growth of aquatic plants 
can be suppressed by some freshwater snail species 
which can graze extensively on macrophyte tissues 
according to some researches [11,12]. Nevertheless, 
the relationship existed between herbivorous snails 
and macrophytes seems to be complicated. Li et al. 
[13] found that the relationship may be a 
mutualistic one at low grazing pressure, whereas at 
high grazing pressure the plant biomass would 
decline result from overgrazing. But anyway, snails 
could have important influence on aquatic 
ecosystem by their metabolism. 

Previous studies have mainly focused on 
either the interactions between snails and aquatic 
plants or the efficiency of nutrients removal by 
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macrophytes in waterbody. Few investigations have 
been carried out to explore the 
macrophyte-snail-phytoplankon systems from the 
perspective of enzymology mechanism. 

Microbial enzymatic activities are believed to 
play a key role in the degradation of organic matter 
in the nutrient cycles of freshwater ecosystems, 
among which extracellular phosphatases are mostly 
studied [14]. When soluble inorganic phosphorus   
is scarce in water column, phytoplankton can 
produce extracellular phosphatase to hydrolyze 
organic phosphorus into orthophosphate for the 
compensation of phosphorus deficiency [15-17]. 
Thus it is not enough to focus on the nutrient 
variations without investigating the effects of snails 
and macrophytes on alkaline phosphatase activity 
(APA) in aquatic ecosystems. In order to achieve 
this objective, we conducted a mesocosm 
experiment of the response of two hydroponic 
plants and herbivorous snails on nutrient change 
behaviors coupled with the kinetics of alkaline 
phosphatase in eutrophic water. 
 
 
MATERIALS AND METHODS 

 
Material preparation. C.alternifolius and 

C.generalis were two of the most common plant 
species that used in constructed wetland and 
floating bed systems in many parts of China [5,18]. 
C.alternifolius and C.generalis were selected for 
uniformity in growth state (average root length = 30 
± 1cm) from planted floating-bed in Lake Dianchi 
(24°40'-25°03'N,102°37'-102°48'E), a typical 
eutrophic lake located in Southwest China [19], 
then cleaned with a soft brush and washed with 
deionized water to get rid of periphyton and 
acclimated in tap water for four days. When the 
experiment started, the plants were transplanted 
into polyethylene foam plates with small holes, 
through which the roots could completely immerse 
into water of the mesocosms. 

P. canaliculata, as an invasive species, was 
found to be widely distributed around South China, 
including Lake Dianchi watershed in Yunnan 
Province [20]. And Since 1980s, Lake Dianchi has 
attracted the attention of the whole world for its 
severe cyanobacterial blooms, the chlorophyll 
concentration remains at a high level in water 
column during the bloom [21]. After a long period 
of eutrophication, macrobenthos can hardly exist 
except apple snails due to their strong adaptability 
and competitiveness for food resources [22]. 
P.canaliculata was collected from Lake Dianchi, 
then rinsed with deionized water and kept without 
food for one day before being placed into the 
mesocosms.  

 

Mesocosm structure and experimental 
design. The mesocosm experiment was performed 
outdoors by using circular polyethylene plastic 
tanks (top diameter=45 cm, bottom diameter=30 cm, 
height=45 cm), consisting of sediments and water 
column. The sediments were sampled from the 
north of Lake Dianchi (Fig.1), before being 
introduced into each tank, the sediments needed to 
be  sieved (mesh size = 1mm) to wipe out 
macrofauna and then kept at -20  for one week to 
ensure that no animals would be alive [23]. A 
10-cm thick layer of homogenized sediments were 
added to these tanks and the upper part of tanks was 
subsequently filled with eutrophic lake water 
carefully that getting from the same sampling site 
of sediments. All the mesocosms were under a shed 
of glass roof to receive natural sunlight as well as to 
avoid the dilution by rainfalls. After equilibration 
for two weeks, nutrient and Chl-a concentrations in 
these tanks were:  
TN=6.89±0.15mgL-1,TP=0.226±0.010mgL-1,PO4

3--
P=0.011±0.008mgL-1,Chl-a 
concentration =24.32±0.28ug L-1. 

Then the six treatments were set as follows: 
1. No plants and snails added (as control systems), 
hereafter CON; 
2. C. alternifolius (wet weight=550±10g, per tank) 
added, hereafter CA; 
3. C. generalis (wet weight=840±10g, per tank) 
added, hereafter CG; 
4. P. canaliculata (wet weight=106.2±0.6g, per 
tank) added, hereafter PC; 
5. C. alternifolius (wet weight=550±10g, per tank) 
+ P. canaliculata (wet weight=105.5±0.6 g,per 
tank)added, hereafter AP; 
6.  C. generalis (wet weight=840±10g, per tank) + 
P. canaliculata (wet weight=105.9±1.3 g, per tank) 
added, hereafter GP. 

All treatments were carried out in triplicate. 
During the period of experiment, dead snails were 
cleaned out and replaced by living ones with similar 
size immediately. 

 
Sampling and analysis. Sampling continued 

approximately six weeks from 1 October to 16 
November 2014. Water and surface sediment 
samples were taken from each tank every week at 
8:00-9:00a.m. 100 ml of water was collected at 
15cm depth with a siphon pipe for the analysis of 
water quality parameters and alkaline phosphatase 
activity (APA). And in order to maintain the water 
level, appropriate amount of deionized water was 
added to each tank after sampling every week.  

Total nitrogen (TN), total phosphorous (TP) 
and orthophosphate (PO4

3--P) were detected with an 
automatic continuous flow analyzer (San++, Skalar, 
Netherlands). Chl-a was determined 
spectrophotometrically after extraction with ethanol  
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FIGURE 1 
Map of sampling site in Lake Dianchi. 

 
 
which described by Jespersen et al. [24]. 

APA assays used a modification of the method 
described by Sayler et al. [25]. The actual 
procedures were as follows: Sediment samples were 
slurried by Tris buffer (pH=8.6), then eight 
concentrations of p-nitro-phenylphosphate (pNPP) 
substrate were added, which ranged between 0.01 
and 3.0mmol l-1. The samples were incubated at 37  
for 1 h, 1.6 ml of slurry was centrifuged at 3000rpm 
and 1 ml of the supernatant was mixed with 4 ml of 
0.1 M NaOH to stop the reaction. Absorption was 
measured at 410 nm. pNPP was added to reagent 
blanks after the reaction had been stopped. APA was 
converted to absolute units using a standard curve of 
p-nitrophenol (pNP). Computer programme 

the kinetics parameters (Vmax and Km values) and the 
values were estimated by fitting Michaelis-Menten 
equations. All samples were run in triplicate. 

APA in unfiltered overlying water and 
interstitial water (obtained by centrifugation at 3000 
rpm for 30 min from the sediment samples ) was 
also determined with a procedure modified from the 
method described by Berman et al. [26].  

Statistical analysis was performed using SPSS 
16.0 for windows and the diagrams were drawn by 

using Origin 8.0. 
 
 
RESULTS 

 
Effects of different treatments on water 

column. Variation of nutrient concentrations in 
overlying water. Fig.2a showed the variations of 
TN concentrations in the overlying water of 
different treatment systems. TN concentrations of 
all systems tended to decrease significantly over 
time (RM-ANOVAs, time effect, p<0.05), from an 
average initial concentration of 6.89mg L-1 to less 
than 3.0mg L-1 by the end of the trial. The total 
removal rate of TN in a decreasing order is CA, CG, 
PC, AP, CON and GP (Table 1). In comparison 
with the CON system, all treatment systems had 
better performances on the removal of TN except 
GP system. Among these systems, CA was the best 
system to removal TN, with total removal rate of 
74.9% and it was significantly different from other 
treatments (RM-ANOVAs, treatment effect, 
p<0.05). TN decreased sharply during the first 4 
weeks and then reached a steady state with a final 
TN concentration less than 1.8 mg L-1 in CA system. 
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FIGURE 2 
Variations of TN(a), TP(b) and PO4

3--P(c) concentrations in water columns of different treatment systems. 

 
Unlike TN, TP concentrations presented 

various trends (Fig.2b). TP concentrations of these 
treatment systems (PC, AP and GP) which added 
with snails. took on a fluctuant increasing process 
and were higher than CON system (except the first 
week). The removal rates of TP concentration in 
AP, GP and CON systems were 79.8%, 79.2% and 
52.7%, respectively (Table 1). Compared with other 
treatment systems, PC had the largest increase of 
TP concentration from 0.226 mg L-1 to 0.343 mg L-1. 
However, in CA and CG systems, TP concentration 
showed a consistent decrease over time and there 
was no significant difference between them 
(RM-ANOVAs, treatment effect, p>0.05). 

PO4
3--P concentrations in all systems only 

accounted for few portion of TP throughout the 
experiment, for example, the proportion of initial  

 
FIGURE 3 

Variation of chlorophyll a contents in water 
columns of different treatment systems 
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TABLE 1 
Nutrient removal rates or variation ranges of different treatment systems. 

 
 CON CA CG PC AP GP 

TN     63.2% 74.9% 70.9% 69.7% 66.0% 58.7% 
TP 52.7% 79.8% 79.2% -51.7%a -18.8%a -13.8%a 
PO4

3--Pb 0.002~0.012 0.004~0.018 0.000~0.023 0.002~0.018 0.002~0.053 0.003~0.063 

a the minus indicates an increase of TP concentration, 
b the unit is mg L-1 

 
 
PO4

3--P concentrations of all mesocosms were 
less than 5% (4.87%) of TP concentrations (Fig.2c). 
PO4

3--P concentrations were fluctuating with time 
in all systems, AP and CA systems were significant 
different with CON system RM-ANOVAs, 
treatment effect, p<0.05 , while other treatment 
systems had no significant difference with CON 
system p>0.05  

 
Variation of Chl-a contents in overlying 

water.Fig.3 showed the time course of Chl-a 
concentrations in all systems, Chl-a concentrations 
were lower in the two plant treatments systems (CA 
and CG ) than in CON system, while in the three 
snail treatment systems (PC, AP and GP) were 
higher.  The removal rates of Chl-a concentrations 
in CA and CG systems were 85.9% and 83.0%. 
Chl-a concentration in PC system was rapidly 
increasing during the first four weeks and 
subsequently declined. By contrast, the similar 
decrease appeared after the fifth week in AP and 
GP systems.  

 
Effects of different treatments on kinetics of 

alkaline phosphatase in the mesocosms. 
Variation of Vmax and Km values of alkaline 
phosphatase in overlying water. Fig.4 reflected 
the changes of kinetic parameters (Vmax and Km) of 
APA in overlying water, Vmax values in CA and CG 
systems were always significantly lower than other 
treatment systems with a range from 24.77 to 
73.10nmol L-1min-1. Vmax values in PC system was 
gradually increased at the first four weeks and then 
began to decrease, while a similar pattern was 
observed in AP and GP systems, the Vmax values 
increased at the first five weeks and subsequently 
declined, which lagged behind PC system. The Km 

values in CON system remained fluctuant and were 
significant higher than in PC system (p<0.05), the 
other treatment systems were lower than CON 
system except the first week.  

 
Variation of Vmax and Km values of alkaline 

phosphatase in interstitial water. The Vmax values 
were less than 75noml L-1min-1 in interstitial water 
after the first week, the PC system had the highest 

Vmax values among all the treatment systems. CA 
max values were always higher than CG 

m 
values were lower than CG (except the fourth week) 

m values were lower than AP (after the 
second week).  

FIGURE 4  
Variation in Km (a) and Vmax (b) values of total 

alkaline phosphatase in different systems in 
overlying water during study period. 

 
 
Variation of Vmax and Km values of alkaline 

phosphatase in surface sediments. All treatment 
systems had little effect on the Vmax values in 
surface sediments which fluctuated within a narrow 
range from 3.356 to 9.837umol g-1h-1, the Vmax 

values were significant higher in the plant treatment 
systems (CA and CG) than in CON system, and 
similarly in the snail added systems (PC, AP and 
GP) which were higher than in CON system (apart 
from the first week). In terms of Km values, CA and 
CG systems were always higher than surface 
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sediments of CON system, GP system was higher 
than AP system in general. 

 
FIGURE 5 

Variation in Km (a) and Vmax (b) values of total 
alkaline phosphatase in different systems in 

interstitial water during study period. 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
FIGURE 6  

Variation in Km (a) and Vmax (b) values of total 
alkaline phosphatase in different systems in 

surface sediments during study period. 

DISCUSSION 

 
It was observed that C. alternifolius and C. 

generalis both had good removal effects of TN, TP 
and Chl-a during the simulated experiment, while 
the former plant was slightly better. This result was 
in accordance with previous study made by Bu et al. 
[27], who found that using floating beds vegetated 
with Canna indica have better removal 
performance of COD, TN, TP and Chla than that 
with C. alternifolius, and more than 60% TN and 
TP were considered to be removed by 
sedimentation in the floating bed systems. Besides, 
many macrophytes species such as M. verticillatum 
[28] and C. globularis var. globularis [29] were 
reported to affect algae growth through allelopathic 
effects. Zhao et al.[30] confirmed that the growth of 
C. pyrenoidosa and M. aeruginosa could be 
strongly depressed by the culture solution of H. 
sibthorpioides, and culture solutions of macropytes 
were superior to their extract solutions for the 
control of algal blooms in eutrophic water. The 
lower level of Chl-a concentrations in CA and CG 
systems (Fig. 3) suggested that C. alternifolius and 
C. generalis might have certain allelopathic effect 
on algae growth. 

Moreover, the obvious lower Vmax values of 
APA in overlying water of these two systems could 
also be partly explained by the inhibition of algal 
growth, algae were demonstrated as the major 
producers of alkaline phosphatase in surface water 

 (Poland) during the 
phytoplankton blooms, while APA in bacterial size 
fraction only accounted 9.6% of the total activity 
[31]. Thus, the rate of enzymatic release of 
inorganic phosphate decreased with the decreasing 
of algae biomass, however, the two macrophytes 
seemed to elevate the substrate affinity of 
phosphatase in their overlying water (the lower Km 
values than the control systems), this might differ 
from the results obtained by Zhou et al. [32] who 
investigated the impacts of two kinds of submerged 
macrophytes on phosphatase activity in Lake 
Donghu, a shallow freshwater lake in China. The 
APA in filtered and unfiltered water, which 
sampled from the macrophyte covered zone, were 
both inactivated with a expression of lower Vmax 
and higher Km values. One possible explanation is 
that the DOP in natural waters mainly consisted of 
a high molecular weight fraction which was against 
to hydrolysis by alkaline phosphatase [33]. 
Whereas the organic phosphorus compounds in 
phytoplankton was more likely to hydrolysed. After 
decomposition of dead algal cells which could be 
attributed to plant inhibition in our study, 
easy-hydrolysable DOP would be released into 
water bodies, as a result, improved the enzymatic 
affinity to the substrate [34].On the other hand, 
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unlike the dynamic real lake investigations, our 
experiments were conducted under a relative static 
state, this might also have some effect on the final 
conclusion. 

As to the overlying water, the Vmax values of 
CA and CG systems varied over time in interstitial 
water, and the Km values were higher than the 
control systems, nevertheless, the Vmax and Km 
values in surface sediments were both higher than 
the control systems. Since the growth of plant roots 
could smooth water fluctuation and reduce the total 
suspended substance (TSS) effectively [35], Zhao 
et al. [36] found that 41% and 54% of TSS can be 
removed from water column, monitored in 
integrated floating island systems on June 16 and 
October 18, respectively. 

The particulates, especially organic 
particulates and decaying algae would accumulate 
on surface sediment by sedimentation, and the 
growth of bacteria could be stimulated by 
decomposition of the organic compounds. 
Meanwhile, bacteria was regarded as the main 
producer of alkaline phosphatase in the benthic 
layer [37]. So the Vmax values were observed higher 
in surface sediment of CA and CG systems in our 
study, the result could also be supported by the 
observation in Kiel Bight, where an response in 
enzymatic activity was suddenly emerged through 
the input of organic matter into the sediments [38]. 
And in the presence of macrophytes (CA and CG 
systems), the alkaline phosphatase seemed to be 
more difficult to utilize the substrate in sediment as 
well as in interstitial water, in terms of higher Km 
values. It probably associated with the high 
molecular-weight humic compounds generated by 
macrophyte debris, APA could be inactivated by 
means of humic-enzyme complexation, abiotic 
mechanism related to iron and humic materials 
demonstrated to be involved with phosphorus 
availability under certain conditions [39]. In general, 
the lower velocity of reaction (lower Vmax values) in 
overlying water combined with lower affinity for 
substrate (higher Km values) in interstitial water 
and sediment of CA and CG systems, indicated that 
APA in eutrophic water could be effectively 
suppressed by C. alternifolius and C. generalis. 

The results of snail treatment system in our 
experiment suggested that snails could remove TN 
to some extent, but would increase TP 
concentrations. Carlsson et al. [40] found that the 
invasion of Pomacea in tropical wetland 
ecosystems led to elevation of nutrients, however, 
nitrogen and phosphorous concentrations remained 
low and even showed a slight temporal decrease 
when P. canaliculata was used to examine the 
impact on wetland biodiversity and function [41]. 
Freshwater snails facilitated nutrient cycling and 
microbial growth through some manners, such as 

bioturbation and feeding on organic detritus [42,43], 
dissolved N and P would be excreted into 
surrounding water through the metabolism of snails. 
And despite the respiration of snails, the oxygen 
demand of mollusks was demonstrated less than 
that of bacteria in eutrophic aquatic systems [44]. 
Bacterial metabolism along with the respiration of 
snails consumed so much of the oxygen in water 
body that resulted in an anoxic state in sediment, 
causing sediment-bound phosphorus to release and 
inhibiting diffusion of soluble inorganic nitrogen 
[45], and the denitrification process was also be 
enhanced under an anoxic condition These might be 
regarded as the reasons why TN not increased as 
TP concentrations in the snail treatment system in 
our study. The macrophytes could promote aerobic 
degradation of organic matter and nitrification by 
transferring oxygen to rhizosphere [1]. Thus, the 
removal efficiency of TN and the increase range of 
TP concentration decreased when plants added (AP 
and GP system). 

Chl-a, recognized as an important index of the 
primary productivity and phytoplankton community, 
was detected firstly increase and then descend in 
PC systems. This was not completely consistent 
with the study conducted by Fang et al. [41], who 
observed an increase of Chl-a concentration caused 
by grazing of P. canaliculata during an enclosure 
experiment. Snails and bivalves had the ability to 
ingest algae, submerged macrophytes and organic 
detritus via their food chain [46]. Snails seemed not 
prior to feed on phytoplankton under the condition 
of sufficient food in the early stage of PC systems, 
because of its mobility and buoyancy [47]. But 
snails strengthened their feeding ability on 
phytoplankton biomass when there was inadequate 
food in the later stage, led to a decline of Chl-a.  

Significant phosphatase activities were 
recorded in overlying water of PC systems (Fig.4), 
the Vmax values in PC systems were higher than in 
control systems and the Km values were lowest 
among all the treatment systems. This might 
because of the growth of microorganism was 
accelerated by metabolism and bioturbation of 
snails, taking into account the high phytoplankton 
biomass (high Chl-a), the APA associated with 
phytoplankton community seemed to dominate that 
of bacterial community [48], and the strong positive 
relationship (R2=0.84) between Chl-a 
concentrations (Fig.3) and the Vmax values of APA 
(Fig. 4b) in overlying water provided an evidence 
for the explanation. Similarly, the snails displayed a 
stronger ability to degrade organic P in interstitial 
water and sediment in terms of higher Vmax values 
as well, although there was no obvious trend of 
change in Km values. Based on former research, the 
sediments were found to be the primary site for the 
hydrolysis of phosphomonoester compounds by 
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phosphatase, playing an important part in nutrient 
regeneration processes after the summer algal 
bloom [49]. The oxygen depletion resulted from 
respiration of snails followed by anaerobic bacteria 
proliferation, concomitantly, bacteria, attached to 
organic matter in sediment, enhanced their APA to 
release soluble reactive phosphorous into overlying 
water [50]. Generally speaking, snails would 
stimulate APA in water body, interstitial water and 
surface sediment. 

A notable feature observed in Chl-a contents 
(Fig.3) and APA (Fig.4b) in water column was that 
there appeared a hysteretic effect of variation in AP 
and GP systems compared to PC system. A possible 
reason for this phenomenon was that the addition of 
macrophytes extended the scope of snail food 
source, so the durations of Chl-a and APA increase 
lasted longer than the sole snail treatment systems. 
P. canaliculata preferred submerged or floating 
freshwater macrophytes, and grazing by the snails 
evoked not only the loss of aquatic plants but an 
increase in phytoplankton biomass   [40,51,52]. 
We did found the roots of C. alternifolius and C. 
generalis were grazed by snails at the end of our 
experiment, and the C. generalis suffered more 
serious grazing pressure from the snails (Fig.7), 
furthermore, the higher peak values of Chl-a and 
APA curves in later stage of AP and GP systems 
illustrated that the macrophytes lost their important 
role as inhibitions to algal bloom, when they were 
treated as food source of snails. More 
orthophosphate would be released into water 
column by hydrolysis of the activated phosphatase, 
and the phosphorous cycle would also be 
accelerated. Another feature to stress out was that 
there had no obvious relationship between PO4

3--P 
and APA in overlying water in our study, which 

-re
mechanism was swamped when come to the 
eutrophic waters [14,17]. ELFA-positive dots or 
structures indicated that attached bacteria or 
heterotrophic microorganism played a major role in 
hydrolysis of organophosphoric compounds by 
releasing extracellular phosphatases into eutrophic 
lakes, in order to supplement as an organic carbon 
source, and this process led to high phosphatase 
activity [17]. It was indicated that phosphatase 
activity was not inhibited in eutrophic station.   

A notable feature observed in Chl-a contents 
(Fig.3) and APA (Fig.4b) in water column was that 
there appeared a hysteretic effect of variation in AP 
and GP systems compared to PC system. A possible 
reason for this phenomenon was that the addition of 
macrophytes extended the scope of snail food 
source, so the durations of Chl-a and APA increase 
lasted longer than the sole snail treatment systems. 
P. canaliculata preferred submerged or floating 
freshwater macrophytes, and grazing by the snails 

evoked not only the loss of aquatic plants but an 
increase in phytoplankton biomass   [40,51,52]. 
We did found the roots of C. alternifolius and C. 
generalis were grazed by snails at the end of our 
experiment, and the C. generalis suffered more 
serious grazing pressure from the snails (Fig.7), 
furthermore, the higher peak values of Chl-a and 
APA curves in later stage of AP and GP systems 
illustrated that the macrophytes lost their important 
role as inhibitions to algal bloom, when they were 
treated as food source of snails. More 
orthophosphate would be released into water 
column by hydrolysis of the activated phosphatase, 
and the phosphorous cycle would also be 
accelerated. Another feature to stress out was that 
there had no obvious relationship between PO4

3--P 
and APA in overlying water in our study, which 

-
mechanism was swamped when come to the 
eutrophic waters [14,17]. ELFA-positive dots or 
structures indicated that attached bacteria or 
heterotrophic microorganism played a major role in 
hydrolysis of organophosphoric compounds by 
releasing extracellular phosphatases into eutrophic 
lakes, in order to supplement as an organic carbon 
source, and this process led to high phosphatase 
activity [17]. It was indicated that phosphatase 
activity was not inhibited in eutrophic station. 

 
FIGURE 7 

Initial and final root lengths of plants and the 
variation of root growth rate in different 

treatment systems. 
 
Our study may provide some implications for 

the restoration of eutrophic water bodies, through 
our experiment, C. alternifolius and C. generalis 
are demonstrated effective on nutrient removal and 
APA inhabitation, they are appropriate choice for 
floating bed system construction. Nonetheless, 
floating bed system should be used with caution 
when apple snails or other herbivorous snails 
invade, since their potential grazing on 
macrophytes can increase the trophic state of water 
bodies by activating APA. Limited by the scale and 
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the high density of snails (1486 g m-2)used in this 
trial, further studies are needed to carry out under a 
larger scale with natural density of snails.   
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ABSTRACT 

 
Nymphaea tetragona and Pontederia cordata 

were cultivated in six tanks, to investigate 
physiological responses in plants and 
physicochemical characteristics of effluents. Our 
results indicated that peroxidase activity, and Chla, 
Chlb, and soluble protein contents all varied 
significantly between the two species. Peroxidase 
and catalase activities in N. tetragona exceeded P. 
cordata by 0.08 U (g ·  min)-1 and 0.08 mg (g ·  
min)-1, while Chla, Chlb, and soluble protein 
contents of P. cordata were higher than N. 
tetragona by 0.19, 0.04, and 24.08 mg g-1. N. 
tetragona roots were longer than P. cordata, 
although culms and leaves were shorter, and tiller 
numbers, root densities, and biomass were lower 
than P. cordata. Nitrogen and phosphorus contents 
were higher in P. cordata than N. tetragona; 
comparisons of the two species showed differences 
of 1.88 and 0.30 g kg-1 in roots, 3.07 and 0.54 g kg-1 
in culms, and 4.22 and 0.59 g kg-1 in leaves, for 
nitrogen and phosphorus between P. cordata and N. 
tetragona. Removal of total phosphorus and soluble 
phosphorus was lower for N. tetragona than for P. 
cordata by 15.8% and 13.5%, while total nitrogen 
and NH -N removal rates were higher by 13.8% 
and 15.6%. 
 
 
KEYWORDS  
polluted river water; Nymphaea tetragona; Pontederia 
cordata; physiological characteristic; phytoremediation 

 
 

INTRODUCTION 

 
Some reports have demonstrated that 

macrophytes are effective in treating polluted 
water, including municipal wastewater [1-2], 
agricultural non-point source pollution [3-4], and 
eutrophic water [5]. Macrophytes can take up 
nitrogen and phosphorus from surface water [6-7], 
filter suspended particulate organic matter, increase 

the oxygen concentration in the water, and reduce 
flow velocity, which increases the water residence 
time. A study of a waste stabilization pond system 
showed that the plant uptake of nitrogen is a major 
mechanism for its removal [7]. Macrophytes 
promote nitrogen removal in the process of treating 
wastewater by floating beds, as the efflux of 
oxygen from plant roots promotes the develop of 
aerobic nitrifying bacteria [8]. The plant-periphyton 
complex plays a role as a biofilter in the absorption 
and retention of cations [9]. Submerged aquatic 
vegetation can absorb nutrients from both the water 
column and the sediments, and change the oxygen 
concentration in the overlying water [10-11]. Other 
studies have shown that macrophytes can improve 
the quality of eutrophic river water [12-13]. 

The physiology of macrophytes has been 
found to be correlated with water purification. Li et 
al. [14] analyzed the morphological and 
physiological responses of macrophytes during 
long-term soaking in wetland wastewater treatment 
processes. Their results indicated that both the 
morphology and physiology of the plants were 
greatly affected. Furthermore, the photosynthesis 
and transpiration of the plants affect nitrogen 
removal rates in wetlands [15]. Variations in 
photosynthesis affect the oxygen release of the 
roots and the degradation of water pollutants [15]. 
Zhao et al. [16] analyzed the correlation between 
water quality and the plant physiology and found 
that changes in the transpiration influenced 
absorption of most of the dissolved ionic 
contaminants in the water. Peroxidase (POD) and 
catalase (CAT) activities in macrophytes have been 
reported to be correlated with stress tolerance 
[17-19]. The rate of photosynthesis is an important 
indicator of the physiological state of the plant, and 
the output of photosynthetic oxygen is associated 
with the degree of water purification [8, 20]. 

Few reports exist on the treatment of polluted 
river water with Nymphaea tetragona and 
Pontederia cordata. Both plants grow best under 
strong sunlight. Each of them has a widespread 
distribution and can be commonly found in almost 
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every province of China. Each of them has 
ornamental value, as well as a good capacity for 
removing water pollutants [18, 21], but has not yet 
been extensively used in ecological restoration 
projects [16]. 

Most urban rivers in China have become 
seriously polluted. Because of this, 
phytoremediation technology has attracted 
increasing attention in the field of water pollution 
treatment. Recently, scientists have compared the 
purification capacities of some aquatic plant species 
[22-23]. However, to date, there have been few 
studies describing both water quality improvement 
by different plant species and the physiological 
responses of the plants themselves. The 
physiological status of the plant is closely 
correlated with its ability to remove pollutants. 
Chlorophyll content is associated with the 
photosynthetic rate, which affects oxygen release 
by the plant during photosynthesis and also 
pollutant removal by the plant. Soluble proteins 
(SP) is vital to the performance of the metabolic 
activity of photosynthesis. POD (peroxidase) and 
CAT (catalase) enzymes play an important 
cooperative role in eliminating and preventing 
damage caused by active oxygen radicals that are 
induced by stress [24]. POD is very sensitive to 
conditions that cause stress, and the variation in its 
activity is closely correlated with plant resistance to 
stress [25]. 

In this study, nine purifying tanks and a 
reservoir tank were constructed with a planting 
density of 20 plants (N. tetragona and P. cordata) 
per tank used for on-site treatment of severely 
polluted urban river water. The accumulation of 
nitrogen (N) and phosphorus (P) in the plants was 
then determined. The variation in plant physiology 
and the level of N and P removal was analyzed and 
compared for the two species. The objective of this 
study was to compare (1) the efficiencies of the two 
plant species in their abilities to remove N and P 
from polluted water, and (2) the physiological 
responses of the plants. The data from this study 
will provide valuable guidelines for the use of 
macrophytes for wastewater treatment and for the 
ecological restoration of polluted aquatic 
environments. Our results will also establish a 
theoretical basis for the application of aquatic 
plants in the restoration of the heavily polluted 
urban rivers.  

 
 

MATERIALS AND METHODS 

 
Device construction and plant cultivation. 

The Gongye river flows through Taopu town in the 
Putuo district of Shanghai, China. The river is 
heavily polluted and the water quality is inferior to 

the type 5 (  (COD) > 40 mg L-1,  (NH -N) > 2.0 
mg L-1,  (TP) > 0.4 mg L-1), according to the water 
quality standards of China.  

Two aquatic plant species, Nymphaea 
tetragona Georgi (pygmy waterlily) and Pontederia 
cordata L. (pickerelweed), were cultured 
hydroponically in six tanks (three parallel tanks for 
each plant species; sk and hk tanks for N. tetragona 
and P. cordata, respectively) with the same planting 
density of 20 plants/tank.  

 
 

 
FIGURE 1 

The test apparatus that consisted of nine 
purifying-tanks and one reservoir tank. 
 
 
A test apparatus that consisted of nine 

as the experimental system. The device (Figure 1) 
was composed of one reservoir tank (upper 
dimensions, length 150 cm, width 100 cm; lower 
dimensions, length 145 cm, width 95 cm; height, 60 
cm) and nine plastic purifying tanks (upper 
dimensions, length 124 cm, width 62 cm; lower 
dimensions, length 115 cm, width 55 cm; and 
height, 76 cm). A tube in the reservoir tank kept a 
constant water level of 60 cm and ensured that each 
purifying tank received the same volume of water. 
An effluent tube in each purifying tank kept a 
constant water level of 60 cm. A 25SFBX-13D 
water pump (Boyu Banye Limited, Shanghai) 
pumped polluted river water through a plastic pipe 
(diameter 4 cm) into the reservoir tank directly 
from the polluted river through the fixed effluent 
tube and into the purifying tanks. A wire mesh with 
a 0.2-mm pore diameter placed at the water outlet 
of the reservoir tank prevented suspended matter in 
the river water from entering the purifying tanks. 
Each purifying-tank was separated by a baffle 
through the center and by a space to the tank 
bottom of about 20 cm to avoid causing water 
circuit flow. In order to control the effects of the 
pollutants released from sediment into the water; 
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each purifying tank had a sediment exit on the 
bottom to remove the daily accumulation of mud.  

The water flow into each tank was continuous 
with a hydraulic retention time of 8 h. Seedlings of 
N. tetragona and P. cordata (height, 10 cm; each 
seedling had one leaf slice) were collected from 
Zelong Biology Engineering Limited, Shanghai. No 
other growth medium was used to cultivate the 
seedlings directly except the heavily polluted river 
water. The seedlings were water-cultivated in 
purifying tanks with the planting density of 20 
plants per tank on 26 February 2008, and three 
additional tanks without plants were established to 
act as control (CK). The treatment period was from 
26 February 2008 to 16 October 2008. There were 
no human influencing factors and the plants showed 
natural growth. The test equipment was located in 
an open field. 

 
Plant sampling and water quality 

measurements. On July 3, August 3, September 3, 
2008, five healthy plants were collected from each 
tank randomly, and 0.3 g of leaf and root were 
collected from each of these plants. Simultaneously, 
water samples were collected from the outlet of 
each tank for analysis. The water quality was 
determined using standard method [26] and the 
average value was obtained for use. 

 
Plant root, culm, and leaf length, biomass, 

root density and tiller numbers. The plant root 
density and the number of plant tiller in each tank 
were measured and then the average value was 
obtained, respectively. The healthy plants were 
collected. The lengths of plant root, culm and leaf 
were measured and the average value was 
calculated for use. 

The biomass (dry weight) of the plant tissues, 
including the roots and the shoots, were measured 
in five replicates for each plant and the means were 
obtained for individual plants. 

 
Leaf chlorophyll contents and N and P 

contents in the roots, stems, and leaves. The 
absorption capacity of the plants was indicated by 
determining nitrogen and phosphorus accumulation 
in the plant tissues. The N contents in five replicate 
samples each of roots, culms and leaves were 
determined by the Dumas combustion method using 
an automated CN analyzer (LECOCHN-1000, 
LECO Company, St Joseph, MI, USA). The P 
contents in five replicates of the corresponding 
plant tissues were determined by colorimetry 
(Hitachi U-1100 spectrophotometer) using the 
vanado-molybdate method after the material was 
digested in a 3 : 1 (v/v) mixture of concentrated 
nitric acid of 65 68% (Shanghai Zhenxin No.2 
Chemical Plant Co., Ltd.) and perchloric acid of 

70 72% (Shanghai Taopu Chemical Factory) [27]. 
The plant material was dried using GZX-DH30A 
bake oven (Shanghai Xiheng Shiye Limited, 
Shanghai, China) at 45 oC. 

The method reported by Hegedüs et al. [28] 
was employed to analyze chlorophyll (Chl-a, Chl-b) 
content. It was modified as follows: 0.05 g plant 
leaf was soaked in 5 mL of 80 % acetone solution 
for 24 h and the absorbance of the resulting solution 
at the wavelengths of 645 and 663nm was measured 
with a HITACHI U-1100 spectrophotometer 
(Hitachi, Tokyo, Japan).  

 
Enzyme solution preparation, soluble 

protein content, and enzyme activity 
measurements. Fresh roots (0.3 g) and leaves (0.3 
g) were prepared and refined in the freezing 
phosphate solution (pH 7.8), centrifuged at 13,000 r 
min 1 and in 4 oC for 30 min. The supernatant was 
collected for use. 

The soluble protein (SP) content of the root of 
the plant was measured with Coomassie Brilliant 
Blue [29]. Standard curve was reported with using 
bovine serum albumin (BSA) in units of mg g 1. 
A240 represented the absorbance value at the 
wavelength of 240 nm. Catalase (CAT) activity in 
the root was performed by UV-spectrometer 
analysis [30], where a change of 0.1 A240 units 
represented one activity unit. 

Peroxidase (POD) activity of the roots of the 
two plant species was analyzed with guaiacol [31]. 
The variation of the light intensity in per min 
represented the enzyme activity. A460 represented 
the absorbance value at the wavelength of 460 nm. 
A change of 0.1 A460 units represented one activity 
unit (U), measured in U (g·min) 1. 

Statistical analyses. The means of each 
physiological parameter of each plant species (n = 
5) and each physiochemical index of three 
independent water samples were calculated for 
analysis. Statistical differences in the plant 
parameters and the water quality indices among 
various purifying-tanks were assessed by 
performing Tukey tests. 

 
 
RESULTS AND DISCUSSION 

 
Comparison of physiological characteristics 

of N. tetragona and P. cordata. The roots of N. 
tetragona were longer than those of P. cordata, 
while the culms and leaves were shorter. The 
number of tillers in P. cordata were higher than in 
N. tetragona. The root densities did not vary 
significantly between the P. cordata tank and the N. 
tetragona tank. The POD and CAT activities 
measured in N. tetragona roots were higher than the 
activities in P. cordata roots, while the Chla, Chlb, 
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and SP contents of N. tetragona leaves were less 
than those of P. cordata leaves. The POD activity 
and the Chla, Chlb, and SP contents varied 
significantly between P. cordata and N. tetragona, 
whereas the CAT activities were not significantly 
different between the two species.  

 
Comparisons of plant biomass and the N 

and P contents of the roots, culms, and leaves in 
N. tetragona and P. cordata. Plant biomass and the 
N and P contents of the roots, culms, and leaves of 
N. tetragona were lower than in P. cordata. 
Therefore, the N and P accumulation in N. 
tetragona was less than in P. cordata. For the two 
plant species, the capacity to absorb nutrients 
through the foliage was different, and plants mainly 
take up soluble N and P from the water through the 
foliage [15, 32]. In this study, the aquatic plants in 
the tanks developed by foliar absorption of soluble 
N and P from the water, and there was no N and P 
released from the substrate. Comparing N. 
tetragona and P. cordata, we found that for plant 
parts, the capacity for N and P removal by P. 
cordata was higher than it was for N. tetragona. 
The amounts of N and P absorbed by N. tetragona 
roots were less than in P. cordata, which resulted in 

a decrease in the N and P contents of N. tetragona 
roots. Transport of N and P from the roots to the 
shoots was then affected, and this led to a reduction 
in the N and P contents of the shoots. In addition, 
the P. cordata plants were markedly larger than 
those of N. tetragona (Table 1).  

 
Comparison of water quality among the 

different purifying tanks. The removal rates of 
chemical oxygen demand (COD), total nitrogen 
(TN), and NH +-N in the N. tetragona tanks were 
higher than in the P. cordata tanks, while the 
removal rates of TP and soluble P and dissolved 
oxygen (DO), pH, and water temperature were 
lower than in the P. cordata tanks. The removal of 
TN and NH +-N mainly depended on degradation 
and transformation by microorganisms and plant 
absorption through the foliage, and the former was 
dominant [15, 32]. For the plants, the absorption of 
NH +-N by N. tetragona was not as effective as it 
was for P. cordata (Table 2). However, the results 
indicated that the removal rate in the N. tetragona 
tanks was higher than in the P. cordata tanks. This 
was because root length in N. tetragona was ~2.6 
times that of P. cordata, and the difference in root 
density between the two plants was not significant; 

 
 

TABLE 1 
Comparison of physiological characteristics between N. tetragona and P. cordata in the different purifying 

tanks. 
 

Mean     Root    Culm      Leaf        POD       CAT        SP        Chla       Chlb   Tiller amount   Root density 

cm      cm        cm      U (g·min)-1  mg (g·min)-1   mg g-1      mg g-1      mg g-1     /tank        /m2 

N. tetragona 
   55.8±4.6a  44.5±3.7a  8.9±0.73a  0.13±0.03a  0.54±0.14a  40.57±7.90a  1.74±0.12a  0.49±0.04a   173±7a    1192± 48a 

P. cordata 
21.5±2.0b  64.0±5.7b  15.2±1.21b  0.05±0.01b  0.45±0.08a  64.65±4.44b  1.93±0.05b  0.53±0.02b  225±10b   1253±61a 

Note: all data in the above form are the means ± standard errors of five replicates; different letters in the same 
column mean significant at 5 % level between different purifying-tanks, same as follows. 

 
TABLE 2 

Comparison of plant biomass and the N and P contents of roots, culms, and leaves in N. tetragona and P. 
cordata. 

 

 
N. tetragona

P. cordata

Note: all data in the above form are the means ± standard errors of five replicates; different letters in the same 
column mean significant at 5 % level between N. tetragona and P. cordata, same as follows. DW= dry weight 
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therefore, the total root surface area in N. 

tetragona most probably exceeded that in P. 
cordata, which was helpful to the growth of the 
microorganisms associated with the root surface. In 
addition, differences in the DO between the N. 
tetragona and P. cordata tanks did not vary 
significantly. Therefore, removal of NH4

+-N by 
microorganisms in the N. tetragona tanks was more 
effective than in the P. cordata tanks. Additionally, 
most of the N. tetragona culms were immersed in 
water, which also increased the surface area for the 
growth of microorganisms, and at the same time, a 
slightly higher water temperature was also 
beneficial to the removal of pollutants by 
microorganisms. The higher levels of P that 
accumulated in P. cordata were evidence of the 
more effective removal of TP and soluble P in 
polluted river water in the P. cordata tanks as 
compared to the N. tetragona tanks (Table 2). The 
removal of TP and soluble P was mainly dependent 
on natural sinks and the foliar absorption by the 
plants [32]. A lower pH in the N. tetragona tank 
resulted from the higher removal rate of NH4

+-N. 
Similarly, the increased growth rate of attached 
heterotrophic microorganisms on the plant surface 
in the N. tetragona tanks led to the higher removal 
rate of COD.  

The physiological variations between N. 
tetragona and P. cordata led to differences in the 
removal rates of N and P between the two plant 
species and also the two different types of plant  
tanks. The Chl content of P. cord ata leaves was 
higher than in N. tetragona (Table 1). Under the 
same levels of illumination, the photosynthetic 
efficiency of P. cordata surpassed that of N. 
tetragona, and the content of photosynthetic 
metabolites derived from SP increased. Also, the 
oxygen release increased correspondingly, resulting 
in the DO concentration in the P. cordata tank 
exceeding that in the N. tetragona tank (Table 3). 
This type of DO increase observed in our study was 
in agreement with that previously reported by Wang 

et al. [7]. Luo et al. [15] also reported that the net 
photosynthesis rate of reeds was closely correlated 
with the DO concentration of the water. However, 
the mechanism behind the variation in pH of the 
tank water was different from the effects of 
Vallisneria spiralis on the water pH. V. spiralis 
increased the water pH through the photosynthetic 
absorption of CO2 in the water [7], while P. cordata 
and N. tetragona decreased the pH of the water 
through foliar absorption of NH4

+-N. The 
absorption of N and P by the plants mainly depends 
on the roots. Thus, the process is correlated with the 
biological characteristics of the roots and the 
physicochemical characteristics of the water [33]. 
In the plant parts, the removal of N and P by N. 
tetragona was weaker than in P. cordata. 
Furthermore, the DO in the P. cordata tanks was 
slightly higher than it was in the N. tetragona tanks 
(Table 3), which was more suitable for the removal 
of NH4

+-N by nitrifying bacteria and denitrifying 
bacteria [34]. However, the morphological 
characteristics of the roots and culm of N. tetragona 
contributed to the growth of the attached 
microorganisms, which resulted in higher rates of 
removal of COD, TN, and NH4

+-N in the N. 
tetragona tanks. The highly polluted river water 
caused an increase in superoxide radical levels in 
the plant, leading to oxidative stress [24]. Li et al. 
[14] also reported that the increase in activity of the 
resistant enzyme in the plant resulted from the 
foliar absorption of large amounts of soluble 
pollutants. Foliar absorption is a key way for plants 
to remove soluble pollutants such as soluble P, and 
NH4

+-N etc. from polluted water Therefore, aquatic 
plants which are highly tolerant of polluted water 
are very important for the restoration of polluted 
urban rivers. 
Comparing the two species included in this study 
(Table 1), the POD activity in the roots of N. 
tetragona was higher than in roots of P. cordata, 
while CAT activities measured in the roots of the 

 
TABLE 3 

Comparison of water quality between the different purifying tanks. 
 

Mean    Soluble P removal  NH -N removal    DO     pH value  Water temperature  COD removal   TP removal   TN removal 

%            %           mg L-1                 oC               %            %          % 

N. tetragona tank 36.97±1.8a   43.83±2.2a     0.93±0.1a   7.7±0.1a    31.1±0.1a       54.31±2.7a     48.39±2.4a    39.15±1.9a 

P. cordata tank  50.51±2.4b   28.23±1.4b     0.98±0.1a   8.0±0.1a    30.2±0.1a       45.48±2.2b     64.23±3.2b    25.32±1.3b 

CK tank        5.62±0.2c     3.75±0.2c    0.12±0.01b   8.2±0.1a    34.5±1.5a        6.36 ±0.3c      6.71±0.3c     3.37±0.1c 

Note: all data in the above form are the means ± standard errors of three replicates; different letters in the same 
column mean significant at 5 % level among different purifying-tanks. 
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two species were not significantly different. The 
Chl and SP contents in the leaves of P. cordata were 
higher than in N. tetragona, and our results 
indicated that the reproducibility was higher for P. 
cordata than it was for N. tetragona. Therefore, P. 
cordata was more tolerant of water pollution and 
was more suitable for growth in highly polluted 
river water than was N. tetragona. In addition, 
individuals of P. cordata were larger than N. 
tetragona, and plant biomass and the accumulation 
of N and P were also higher than in N. tetragona. 
Therefore, P. cordata has an advantage over N. 
tetragona when used for the restoration of highly 
polluted urban rivers. However, the morphological 
characteristics of the roots and culms of N. 
tetragona made them more suitable for the removal 
of COD, TN, and NH4

+-N by microorganisms. 
Furthermore, N. tetragona is highly ornamental, 
and this species should be planted in large floating 
beds.  

 
 
CONCLUSIONS 

 
P. cordata was found to be more tolerant of 

water pollution than was N. tetragona. The tiller 
numbers, amount of biomass, relative N and P 
accumulation, and the lengths of the culm and leaf 
of P. cordata were also higher than in N. tetragona. 
However, the roots of P. cordata were shorter than 
those of N. tetragona. The Chla, Chlb, and SP 
contents of the leaves of P. cordata were higher 
than in N. tetragona by 0.19 mg g-1, 0.04 mg g-1, 
and 24.08 mg g-1, respectively. However, the 
activities of POD and CAT in the roots of P. cordata 
were lower than in N. tetragona by 0.08 U (g·min)-1 
and 0.08 mg (g·min)-1, respectively. The relative 
POD activities and the Chla, Chlb, and SP contents 
were significantly different between the two plant 
species, while the CAT activities were not. The 
removal rates of TN and NH4

+-N in the N. 
tetragona tank were higher than in P. cordata by 
13.8% and 15.6%, respectively, while the removal 
rates of TP and soluble P for N. tetragona were 
lower than for P. cordata by 15.8% and 13.5%, 
respectively. 
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ABSTRACT 

Morphological changes in the cell wall surface 
of Chlorella are often associated with the metals 
coordination sphere and microenvironment. In this 
study, the uptake capacity of green microalgae, 
Chlorella vulgaris and Chlorella salina for heavy 
metals (iron and lead) was evaluated. C. vulgaris 
and C. salina were isolated from sewage and 
marine water (Lake Marriott) respectively. Algal 
samples were exposed to 200ppm iron (Fe2+) and 
lead (Pb2+). The scanning electron microscopy 
techniques (SEM) coupled to energy dispersive X-
ray (EDX) was applied to determine if this 
Chlorella is able to uptake of Fe2+ and Pb2+ which 
had previously been detected in Lake Marriott and 
sewage water of El-Salhya Qena, Egypt. Chlorella 
had ability to uptake the essential (Fe2+) and non-
essential elements (Pb2+). The percentage of Pb2+ 
and Fe2+ uptake was significantly increased in non-
living cells more than the living cells of C. vulgaris 
and C. salina. The fresh algae have a large affinity 
between metals uptake. Moreover, the fresh algae 
uptake the tested metals more than the marine 
algae. 
 

 
KEYWORDS:  
Biosorption, Chlorella, dead biomass, heavy metals, 
scanning electron microscope, X - ray. 
 

 
INTRODUCTION  

Heavy metals presence in aquatic environment 
has become a problem because their risks for 
human health by their accumulation in living tissues 
throughout the food chain and on the flora and 
fauna of receiving water bodies [1]. 

Microorganisms have the ability to 
bioaccumulation most heavy metals to some degree, 
though the extent of bioaccumulation varies 
depending on the bioavailability of the metal, the 
organism under consideration and concentrations to 
which they are exposed [2].  

Bioaccumulation of heavy metal ions removal 
may provide an attractive alternative to physico-
chemical methods. Biological methods of heavy 
metals elimination have proven to be beneficial as 

compared to the chemical and physical ones [3, 4]. 
Ariff et al. [5] recorded the components of 
microorganism cell wall (lipids, protiens and 
polysaccharides) offer many functional groups 
which can be bind metal ions.    

Microorganisms directly reduce many highly 
toxic metals (e.g., Cr, Hg, U) by detoxification 
pathways. Microbial reduction of some metals to a 
lower redox state may result in reduced mobility 
and toxicity [6]. Dead or alive cells absorption 
mechanisms are different and uptake yields, 
reception capacity and the amount of metal 
concentration vary among the organisms [7].  

The use of nonliving or chemically pretreated 
microorganisms (biosorbents) seems to be a 
preferred option to the use of living cells in 
industrial applications for the removal of heavy  
metal ions from wastewater [8]. The use of 
nonliving biomass may offer some advantages over 
living cells: there is no need for growth media, not 
sensitive to toxicity limitations and the biosorbed 
metal ions can be easily desorbed for reuse [9].   

The objective of this study was to determine if 
Chlorella genus (fresh or marine alga) is able to 
sorption heavy metals (FeCl2 and PbCl2). To 
achieve this goal we used scanning electron 
microscopy techniques with combination an energy 
dispersive X- ray detector and use living and non-
living algal biomass to uptake the iron and lead 
uptake from aqueous solution.  

 
 

MATERIALS AND METHODS 

Microalgal isolate. The marine microalga 
(Chlorella salina) isolated from lake Marriott, 
Alexandria, while freshwater alga (Chlorella 
vulgaris) isolated from sewage water of El-Salhya 
sewage station, Qena, Egypt as a toxic pollutant 
after getting axenic cells culture by using method 
was described by Christopher and Patterson [10]. 
Cells were grown in F/2 and liquid 
medium. Essential (iron) and nonessential (lead) 
stock solution was added to 
liquid medium to reach a final concentration of 200 
ppm. Cultures were incubated at 27°C for 72h in 
illumination incubator provided by cool white 
fluorescent lamps set on 14:10 h light : dark photo-
period.  
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Scanning electron microscopy (SEM) and 
energy dispersive X- ray (EDX) microanalysis 
for SEM analysis.  Chlorella cultures were fixed in 
2.5% glutaraldehyde for 4 h and washed four times 
with sterile distilled water. Finally, all samples were 
mounted on metal stubs and coated with gold. An 

scanning electron microscope (FEI, 
Netherlands, Eind-hoven) was used to view the 
images and an energy dispersive X-rays INCA 
system software and X- Act Detector, operated at 
20 kV coupled to SEM was used [11].  

  
Study the uptake of iron and lead by living 

and non-living algal biomass. Fifty ml of 
Chlorella culture was shaking at 100rpm to 7 days 
to get heavy algal culture. Three replicates for each 
concentration were used.  60 mg of the pellet 
culture were suspended in 50 ml of media with 
various heavy metal concentrations. While the 
nonliving algal cells obtained by heat killing 
process by placing the algal cultures on water bath 
at 50Cº for 2h, then  centrifuged to get a palette 
which then suspension in 50ml of each heavy 
metals concentration [12]. The samples were make 
a centrifuge (3000rpm for 15 min) after 3days   to 
get the pellet again this pellet treated with 10ml of 
mix 9:1 mixture of sulfuric acid: perchloric acid the 
mixture digests the palette algae till it turned 
colorless, then cooled and make up to known 
volume using distilled water to be ready for 
measuring lead and iron elements. The metal 
uptakes (M) estimate 
formula: 

M = C V/W 
 

C- Spectrophotometer reading of sample                        
concentration  ml. 
V- Volume of sample extraction estimated in unit's 
ml. 
W- Dry weight of the algae estimated in unit's mg. 

RESULTS AND DISCUSSION 

Scanning electron microscopy (SEM). 
Scanning Electron Microscopy (SEM) was used to 
visualize the surface morphology of Chlorella 
species before and after metal binding, allowing for 
direct observation of any changes appear. The pure 
sample of C. vulgaris (fresh water alga) shows 
evidence of smooth structures arranged in quite a 
regular pattern on  the  surface  while  these  are  
not  present  in  the  essential or  nonessential-
loaded  images (Fig.1a). 

After completion of the metal binding obvious 
morphological changes were seen in the cell wall. 
The cell wall structure has a varying diameter such 
as, the morphological changes (shrinking and layer 
sticking) in the cell wall electron micrographs after 
Fe (II) adsorption (Fig.1b).  

SEM images of the nonessential elements 
(Pb+2) samples (Fig.1c), reveal honeycomb-like 
structures which may indicate significant changes in 
the cell wall surface structure. The surface had a 
large variation in sizes and the extensive 
interconnections gave a Flaky'' type of appearance 
after heavy metals adsorption. This could be due to 
the cell surface of the C. vulgaris alga underwent 
coalescence or rupture or the sputtering process 
caused by the heavy metals uptake. They tend to 
collapse and the circle like structure was not clearly 
seen in Fig.a. 

C. salina (marine alga) contains smooth 
structures similar to those observed for C. vulgaris. 
However, in C. salina these cell walls appear to be 
larger in size and are arranged in quite a regular 
pattern and smoother than in C.vulgaris (Fig.2a). 
After cation loading in C. salina (Pb2+), large 
visible morphological changes are apparent with the 
formation of mound-like structures seen in these 
micrographs. 

 
 
 

   
 

FIGURE 1 
 SEM micrographs of C. vulgaris. A. control, B. after Fe (II) and C. after Pb (II) uptake. 

 
  

A B C
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While Fe (II)-loaded algae reveal honeycomb-like 
structures which may indicate significant changes in 
the surface structure. These changes may again be 
related to differences in the ionic  radii  of  the  ions  
resulting  in  differences  in  coordination  spheres 
(Figs. 2b and c).   

Differences between the structure observed in 
cation-loaded C. vulgaris and cation-loaded C. 
salina indicate that metal binding behavior is 
different for different species and habitat of the 
same genus. This is most likely due to surface 
compositional differences between the algae. The 
same to the results which found by Suzuki et al. 
[13]  

 
 X- ray. In order to characterize the chemical 

composition and differences between the pure and 
metal-loaded algae surface were apparent in the 
Chlorella species scanning electron microscopy 
(SEM) with energy dispersive X-ray spectroscopy 
(EDX) were used.  

The elemental composition of the algal surface 
was measured by EDX. The EDX spectra of pure 
and metal-loaded Chlorella species are shown in 
Figures. The peaks presented in each of spectra 
have been summarized in Table1. 

The EDX analyzer can produce a spectrum of 
the element present in the targeted areas of the 
sample allowing detectable elements to be 
quantified or mapped [14]. 

Some of the peaks from the EDX spectra in 
the all Figures and Table (1) are not necessarily 
related to the sample surface, for example Au peaks 
in EDX spectra originated from the gold sputter 
coating on the sample while Al peak that sometimes 
detected comes from the sample holder.  Figures of 
EDX spectra of Fe (II) & Pb (II) loaded C. vulgaris 
and C. salina. Modification: 1000x. from Table (1) 
it is seen that binding behavior was identical for 
both green algae.  

The control algae had a greater number of 
peaks than those observed after cation exposure. 
This is due to alkali and alkaline earth metals    

(Na+, k+, Ca++ and Mg++) from fresh and sea water 
being present in algal cell. 

The essential and non essential loaded spectra 
of the green alga (Chlorella) revealed that, the 
disappearance of alkali and alkaline earth metal 
peaks. This disappearance indicates the existence of 
an ion exchange mechanism. As this technique has 
been used only qualitatively and the scale used for 
the EDX spectra is arbitrary, unless a peak 
disappears after metal binding, it is difficult to 
evaluate changes in peak size or intensity. When 
algal samples were exposed to metal solution, metal 
cations may have replaced not only calcium and 
magnesium peaks but also sodium and potassium 
peaks was observed in the cation loaded EDX-
spectra. Thus, it appears that changes in across 
linking behavior linked to the metals coordination 
sphere, resulted in visible morphological changes in 
the cell wall surface. 

 Singh et al. [15] proposed  that  replacement  
of  these  ions  with  metal  cations  altered  the  
nature of the cross-linking due to stronger 
electrostatic and coordinative bonding between the 
metal and the negatively charged   groups in the cell 
wall polymers. 

 
Bioaccumulation and biosorption of heavy 

metals. The results showed that, the percentage of 
Fe2+ uptake was 51.51% and 51.10% in living cells 
of fresh (C. vulgaris) and marine algae (C. salina), 
respectively. While, the percentage of Pb2+ uptake 
was 0.12% and 0.10% in living cells of C. vulgaris 
and C. salina, respectively. Furthermore, these 
percentages were significantly increased to 79.03% 
and 78.52% for Fe2+ and 35.28 % and 2.22% for 
Pb2+ in non-living cells of C. vulgaris and C. salina, 
respectively (Fig.7). 

It is clear from the results that there was 
correlation between the natural habitat of the algae 
and their properties of the heavy metals uptake; also 
the sorption capacity of fresh water algae was 
different to those of the marine microalgae

 

   
 

FIGURE 2 
 SEM micrographs of C. salina. A. control, B. after Fe (II) and C. after Pb(II) uptake. 

A B C
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FIGURE 3 

 X-ray absorption chart of iron uptake by nonliving cells of C. vulgaris (A) and C .salina cultures (B). 
 
 
 Nevertheless, the preferential sorption of the 

metals was obvious (Figs.3-6), that is agree with the 
results of Rabsch and Elbrachter [16], that studied 
the bioaccumulation of cadmium and zinc in a 
diatom Cosinodiscus granii and found that the heat 
-killed cells accomplished more metals than did the 
living cells.  

A majority of studies on metal accumulation 
by algae have been performed with living 
organisms for environmental, toxicological and 
pharmaceutical purposes rather than with industrial 
application in mind. Of late, the attention has 
shifted to non-living algae and other 
microorganisms for metal removal and/or recovery 
[17]. In comparison to live cells, the metal sorption 
capacity of dead cells may be greater or equivalent 

[18]. Higher affinity of nonliving cells for metal 
ions compared with living biomass that might 
probably due to absence of competing protons 
produced during metabolism [19].  

In conclusion, the initial SEM with EDX 
constitutes with a set of methodologies have proven 
to be a useful technique that allow a quick diagnosis 
of whether a microorganism can uptake a metal or 
not. Chlorella species is a potential algal species for 
effective removal of heavy metals. Fresh algae had 
more affinity to uptake the heavy metals from 
aqueous solution than marine algae. The 
pretreatment of cells with heat (non-living cell) 
results in enhanced metal uptake.    
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 X-ray absorption chart of iron uptake by living cells of C. vulgaris (A) and C. salina cultures (B). 
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FIGURE 5 
X-ray absorption chart of lead uptake by nonliving cells of C. vulgaris (A) and C. salina cultures (B). 
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FIGURE 6 
X-ray absorption chart of lead uptake by living cells of C. vulgaris (A) and C. salina cultures (B). 

 
 

  
 

FIGURE 7 
Percentage of heavy metals uptake by living and non-living cells of C. vulgaris and C. salina cultures. 
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TABLE 1 
Iron and lead peaks in the EDX spectra of C. vulgaris and C. salina. 

* Band not observed. 
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ABSTRACT 

 
Callosobruchus maculatus (F.), cowpea seed 

beetle (Coleoptera: Bruchidae) is one of the most 
serious pests of cowpea (the black-eyed pea) grains, 
worldwide. In this study, essential oils of Artemisia 
dracunculus L., Artemisia santonicum L.,  
Artemisia spicigera C. Koch, Origanum onites L., 
Satureja thymbra L. and Thymus sipyleus Boiss. 
were tested for their insecticidal activities against 
three day-old adults of C. maculatus at 25±2 °C, 
65±5 % r.h. in dark conditions, at different 
exposure times (12, 24, 48 and 72 h), and doses (5, 

 It was found that there were the 
mortalities in all exposure doses and durations. The 
percentage mortality of adults of C. maculatus 
increased with increasing the concentration of 
different oils and exposure times. Minimum 
mortality rate in C. maculatus adults (16.6%) was 
recorded at 12 O. onites, 
while the peak mortality was registered as 100%, at 
72 A. dracunculus. 
Additionally, LD25, LD50 and LD90 values of each 
essential oil were estimated for C. maculatus. 
Results suggested that the essential oils from the 
tested plants could be used as potential control 
agents against C. maculatus adults in stored cowpea 
(the black-eyed pea) protection.  
 
 
KEYWORDS: 
Callosobruchus maculatus, cowpea seed beetle, 
essential oils, insecticidal effect, mortality 
percentage. 
 
 
 
 

INTRODUCTION 
 
In recent years, scientists have focused on 

increasing food production for the need of the 
rapidly expanding population of the world. 
Unfortunately, crop loss is still keeping on due to 
plant diseases, caused by insects, plant pathogen 
fungi, bacteria and viruses. Callosobruchus 
maculatus (F.), cowpea seed beetle (Coleoptera: 
Bruchidae), is one of the most important pests of 
cowpea (the black-eyed pea) grains in the cowpea 
storages. This pest requires great attention because 
it is very fairly distributed throughout the tropical 
and sub-tropical regions of the world. It feeds on 
cowpea (Vigna unguiculata (L.)), also chickpea 
(Cicer arietinum L.), lentil (Lens culinaris Medik.), 
soybean (Glycine max Mer.) and haricot beans 
(Phaseolus vulgaris L.). The leguminous plants are 
a very important source of vegetable protein for 
millions of people around the world, especially in 
tropical and subtropical regions. Cowpea seeds 
have seriously affected by C. maculatus and cause 
maximum damage of 2 to 5 kg seeds with in 45 to 
90 days in optimum temperature (300±1 0 C) and 
moisture conditions (75 ± 3 %) [29]. In the past, 
many residual insecticides such as malathion and 
pirimiphosmethyl were largely used to control this 
pest in stored cowpea. However, these chemicals 
caused hazardous effects such as environmental 
pollution, toxicity to non-target organisms, pest 
resistance, pesticide residues, direct toxicity to 
users and also ozone depletion [1, 16, 41]. 
However, the natural products are relatively less 
damaging to environment and mammalian health as 
compared with synthetic chemicals. Although many 
studies reported to insecticidal activity of plant 
essential oils [3, 41, 24, 8, 19, 6, 45, 32], there are 
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few reports to insecticidal properties of essential 
oils against C. maculatus [40, 33, 20]. 

Essential oils are genuine plant extracts that 
contain natural flavours and fragrances grouped as 
monoterpenes (hydrocarbons and oxygenated 
derivatives), sesquiterpenes (hydrocarbons and 
oxygenated derivatives) and aliphatic compounds 
(alkanes, alkenes, ketones, aldehydes, acids and 
alcohols) that provide characteristic odours. Many 
essential oils isolated from various plant species 
belonging to different genera contain a relatively 
high amount of monoterpenes. Insecticidal 
properties of numerous essential oils and some 
monoterpenes have been extensively studied 
against various insect species [12, 27, 28, 37, 17, 
22, 36, 2, 35, 23]. 

The genus Artemisia is an important genus of 
the family Asteraceae, which comprises about 1000 
genera and over 20,000 species widespread 
throughout the world. Among them, about 500 
species of the genus Artemisia are found in Asia, 
Europe and North America. There are Artemisia 
dracunculus L. and Artemisia santonicum L. 
species of Artemisia genus in Turkish flora. The 
species of Artemisia genus are known in Anatolia 

 Artemisia species is 
industrially important due to its insecticidal, 
antifungal, antibacterial, allelopathic and other 
properties. This genus is very rich in essential oils 
and bitter substances, including flavon and pinen 
[46,40]. 

The genus Origanum (oregano) is an 
important genus within the Lamiaceae family and 
comprises about 900 species, widespread 
throughout the world. There are about 20 species of 
Origanum genus in Turkish flora and this genus is 
very rich in essential oils and bitter substances [11, 
5, 14]. The species of Origanum genus are known 

Origanum 
species are traditionally used as a spicy additive for 
food flauvoring instead of thyme, as sedative, 
diuretic, degasifier, sweater and antiseptic, and also 
in the treatment of gastrointestinal diseases and 
constipation [5]. There are numerous reports on the 
chemical composition and their various biological 
activities of Origanum species [13, 44, 7, 46, 21, 
14]. 

The genus Thymus and Satureja, belonging to 
Lamiacaeae family, are well known as aromatic 
and medicinal plants and are distributed in northern 
Anatolia [11, 5]. In Anatolia, Thymus L.(thyme) 
and Satureja L.(savory) species are frequently used 
as herbal tea or additives in commercial spice 
mixtures of many foods to offer aroma and flavour 
[5]. The genus Thymus L. consists of over 300 
evergreen species of herbaceous perennials and 
subshrubs, native to Southern Europe and Asia 
[26]. Members of the genus Thymus L. are called 

 in Turkish and used as 
herbal tea and condiments. Satureja species have 
been widely used as folk medicines and locally 

Satureja species 
are widely grown in Mediterranean region of the 
world. In Turkey, there are 15 Satureja species and 
five of them are endemic. Among them, the 
Satureja thymbra are consumed as species or 
herbal teas by the local people [43, 5]. 

Turkey flora is characterized by the 
abundance of aromatic plants among its 
components. The feature differentiating these 
plants from all others, although they belong to 
many different families, is the production of 
chemically related secondary compounds, the low 
molecular weight and volatile isoprenoids. This 
remarkable presence of aromatic species is 
important in determining the candidates with 
insectidal potential within this ecosystem.  

Thus, the aim of the present study was to 
assess insecticidal effects of the essential oils 
isolated from six plant species, Artemisia 
dracunculus,  Artemisia santonicum,  Artemisia 
spicigera, Origanum onites, Satureja thymbra and 
Thymus sipyleus in different localities of Turkey 
against three day-old adults of Callosobruchus 
maculatus, the cowpea seed beetle. 

 
 
MATERIALS AND METHODS 

 
Insect material. Callosobruchus maculatus 

adults were collected from private store houses in 
Bozkurt/Denizli, Turkey and kept on cowpea (the 
black-eyed pea), (Vigna unguiculata) seeds. The 
cultures were maintained in Deparment of 
Environment Protection and Technologies, Fethiye 

 Turkey. 
In addition, the cowpea seeds were purchased from 
a local market and maintained in a freezer at 15°C 
in order to control any arthropod pests prior to use 
for bioassay during two days. After, C. maculatus 
adults were reared in 1 L jars containing cowpea 
seeds. The cultures were maintained in the dark 
conditions in a growth chamber set at 25±2 °C and 
65±5% r.h. without exposure to any insecticide for 
several generations. Adult insects, three day-old, 
were used for the fumigant toxicity test. All 
experimental procedures were carried out under the 
same environmental conditions as the cultures. 

 
Bioassays. In order to test the toxicity of the 

oils from six different plants, 20 individuals of 
Callosobruchus maculatus adults (all three-day old) 
were used. Cowpea seeds were placed in each of 
Petri dishes (9 cm x 1.5cm). Adults of C. maculatus 
in the Petri dishes were exposed separately to 
essential oils of A. dracunculus, A. santonicum, A. 
spicigera, O. onites, S. thymbra and T. sipyleus. 
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The amounts of essential oils were applied at rates 
of 5, 7.5 and 10  corresponding to 38.46, 50.6 and 
76.92 μl/L air oils impregnated into Whatman no. 1 
filter paper, which was stuck onto the inner top of 
the Petri dishes. A filter paper was placed at the 
bottom of each Petri dish (9cm×1.5cm deep) and 20 
adults of C. maculatus were placed onto filter paper 
containing 20 g cowpea (Vigna unguiculata) seeds. 
This prevented direct contact between the oils and 
C. maculatus individuals. The Petri dishes were 
covered with the lid and transferred to an incubator, 
and then kept under standard conditions of 25±2 
°C, 65±5 r.h. and in the darkness for two days. 
Mortalities of the adults were then counted at 12, 
24, 48 and 72 h. A Petri dish treated with only 
sterile water was used as control. Each assay was 
repeated three times for each dose and exposure 
time combination, and insecticidal activity of the 
oils was expressed as percent mean mortality of the 
adults. 

 
Plants And Essential Oils. Artemisia 

dracunculus L., Artemisia santonicum L., Artemisia 
spicigera C. Koch, Origanum onites L., Satureja 
thymbra L. and Thymus sipyleus Boiss. 
(Lamiaceae) were collected at the flowering stage 

from different localities of Turkey between June 
and August of 2013 and 2014. Voucher specimens 
have been deposited in the herbarium of Ataturk 
University, Faculty of Agriculture, the Department 
of Plant Protection, Erzurum, Turkey. Aerial parts 
of the plants were dried in shade and ground in a 
grinder. The dried plant samples (500 g) were 
subjected to hydrodistillation for 4 h using a 
Clevenger-type apparatus. The oil yields of A. 
dracunculus, A. santonicum, A. spicigera, O. onites, 
S. thymbra and T. sipyleus were 1, 0.21, 0.25, 4.5, 
1.17 and 0.98 %(w/w, dry weight basis), 
respectively. The yield was based on dry materials 
of plant samples. The essential oils were stored in a 
freezer at 4 °C for further tests. 

 
Statistical analysis. The differences among 

the insecticidal activity of tested essential oils were 
determined according to analysis of variance 
(ANOVA) test contained in SPSS 17.0 software 
package. Differences between means were tested 
through Duncan tests and values with p<0.01 were 
considered significantly different. 

 
 

 
 

TABLE 1 
Values followed by different letters in the same column differ significantly at p<0.01 according to Duncan 

multiple test. 
Mean±SE of three replicates, each set up with 20 adults. 

 
Treatment 

Essential oils Dose(μl/l) 
Mortality(%) 

Exposure time(h) 
  12 24 48 72 
 

Artemisia 
dracunculus 

5 31.6 ± 1.66 fg 76.6 ± 1.66 fgh 88.3 ± 3.33 efg 95.0 ± 2.88 def 
7.5 35.0 ± 2.88 gh 78.3 ± 1.66 gh 90.0 ± 2.88 fg 96.6 ± 1.66 ef 
10  81.6 ± 1.66 h 95.0 ± 0.0 gh 100.0 ± 0.0 f 

 
Artemisia 

santonicum 

        5 20.0 ± 2.88 bc 58.3 ± 1.66 d 68.3 ± 1.66 b 90.0 ± 2.88 cd 
7.5 21.6 ± 1.66 bcd 63.3 ± 1.66 d 76.6 ± 3.33 c 95.0 ± 2.88 def 
10 30.0 ± 2.88 efg 73.3 ± 1.66 efg 90.0 ± 2.88 fg 98.3 ± 1.66 ef 

 
Artemisia 
spicigera 

5 26.6 ± 1.66 def 70.0 ± 2.88 e 81.6 ± 1.66 cde 93.3 ± 1.66 cde 
7.5 35.0 ± 2.88 gh 78.3 ± 1.66 gh 86.6 ± 1.66 def 95.5 ± 2.88 def 
10  81.6 ± 1.66 h 93.3 ± 1.66 fgh 98.3 ± 1.66 ef 

 
Origanum onites 

        5 16.6 ± 1.66 b 41.6 ± 1.66 b 68.3 ± 1.66 b 88.3 ± 1.66 bc 
7.5 25.0 ± 2.88 cde 46.6 ± 1.66 bc 65.0 ± 2.88 b 85.0 ± 2.88 b 
10 26.6 ± 1.66 def 51.6 ± 1.66 c 70.0 ± 2.88 b 93.3 ± 1.66 cde 

 
Satureja thymbra 

 

5 25.0 ± 2.88 cde 70.0 ± 2.88 e 81.6 ± 3.33 cde 93.3 ± 1.66 cde 
7.5 26.6 ± 3.33 def 76.6 ± 1.66 fgh 86.6 ± 1.66 def 95.0 ± 2.88 def 
10 30.0 ± 2.88 efg 78.3 ± 1.66 gh 91.6 ± 1.66 fgh 98.3 ± 1.66 ef 

 
Thymus sipyleus 

        5 21.6 ± 1.66 bcd 71.6 ± 1.66 ef 80.0 ± 2.88 cd 93.3 ± 1.66 cde 
7.5 30.0 ± 2.88 efg 78.3 ± 1.66 gh 93.3 ± 1.66 fgh 98.3 ± 1.66 ef 
10 31.6 ± 3.33 fg 73.3 ± 4.4 efg 88.3 ± 4.40 efg 98.3 ± 1.66 ef 

Positive Control 
(Izoldesis) 

       10 86.6 ± 1.66 j  98.3 ± 1.66 h 100.0 ± 0.0 f 

Control  
(Sterile water) 

- 0.0 ± 0.0 a 1.67 ± 1.39 a 3.10 ± 1.43 a 4.44 ± 0.0 a 
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RESULTS AND DISCUSSION 
 
In the present study, the toxicity effects of 

essential oils isolated from A. dracunculus, A. 
santonicum, A. spicigera, O. onites, S. thymbra and 
T. sipyleus were tested against adults of C. 
maculatus 
24, 48 and 72 h exposure times (Table 1; Figure 1, 
2, and 3). All essential oils obtained from A. 
dracunculus, A. santonicum, A. spicigera, O. onites, 
S. thymbra and T. sipyleus were displayed toxicity 
against adults of C. maculatus in comparison to 
control, but the effects of these essential oils varied 
among each plant species. However, the mortality 
rates increased with increasing doses and exposure 
times for essential oils of tested plant species (Table 
1; Figure 1, 2 and 3). The highest mortality rate 
(100%) was observed in the 10 at an 
exposure time of 72 h with the essential oil of A. 
dracunculus, while the lowest mortality rate 

an exposure 
time of 12 h with the essential oil of O. onites. In 
general, all essential oils caused over 90% mortality 
rate (except 5 and 7.5  doses of O. onites oil) after 
72 h exposure (Table 1; Figure 1, 2 and 3). The 
results show that essential oils of A. dracunculus, A. 
santonicum, A. spicigera, O. onites, S. thymbra and 
T. sipyleus have a remarkable insecticidal activity 
on adults of C. maculatus. Statistical analysis 
results indicated that the effects of the essential oil, 
doses and exposure times on insect mortality were 
all statistically very significant (p < 0.01) (Table 1). 

The lowest mortality rate was fixed as 16.6% 
after 12 h treatment with essential 

oil of O. onites on the adults of C. maculatus, while 
the highest mortality rate was determined as 41.6% 

for the essential oil of A. spicigera 
(Table 1; Figure 1, 2 and 3). However, the 
minimum mortality rate after 24 h treatment with 
essential oil of O. onites was acquired as 41.6% (in 

, but the maximum mortality rate was 

essential oils of A. dracunculus and A. spicigera 
(Table 1; Figure 1, 2 and 3). Similarly, the least 
mortality rate 48 h after the treatments at was 
counted as 65.0% for O. onites essential oil (in the 

), whereas the highest mortality rate was 
observed as 95.0% for essential oil of A. 
dracunculus (in the 10 (Table 1; Figure 1, 2 and 
3). In addition to these, the highest mortality rate at 
72nd h after the treatment was determined as high as 
100%, with the 10 dosage of A. dracunculus oil. 
But, the least mortality rate was found as 85.0% for 
O. onites oil (in the ). Besides, the mortality 
rates after a 72 h exposure were observed between 
90% and 100% for all essential oils of all plants 
(with the exception of O. Onites, 85% for the 
and 88.3% for the  1, 2 and 3). 
In comparison with all essential oils of the tested 
plants, the highest mortality rates were observed  

with essential oil of A. dracunculus in all doses (5, 
7.5 and 10 and at all exposure times (12, 24, 48 
and 72 h) on the adults of C. maculatus, while the 
essential oil of O. onites yielded the lowest 
mortality rates, among others (Table 1; Figure 1, 2 
and 3). According to the test results, it was 
determined that A. dracunculus essential oil had an 
important insecticidal effect against adults of C. 
maculatus. However, the mortality rates were found 
to be 100% at the longest exposure period and with 
the maximum dose in the positive control (Table 1). 

 
 

 
 
 

FIGURE 1 
Percent mortality of adults of Callosobruchus 

maculatus after treatment with essential oils and 
treatment times

significant (p<0.01).
 
 

 

 
FIGURE 2 

Percent mortality of adults of Callosobruchus 
maculatus after treatment with essential oils and 
treatment times

significant (p<0.01).
 
 

In a former study, it was reported that A. 
dracunculus oil had a toxic effect on adults of 
Aphis gossypii [34]. In another research, it was 
determined that the essential oil from A. 
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dracunculus had the mortality effects both on first 
instar larvae and eggs of Plodia interpunctella [38]. 
In the current study, it was determined that A. 
dracunculus oil had an insecticidal effect between 
31.6% (in the 5 , after 12 h of exposure) and 
100% (in the 10 
mortality rates on the adults of C. maculatus (Table 
1; Figure 1, 2 and 3).  
 
 

 
 

FIGURE 3 
Percent mortality of adults of Callosobruchus 

maculatus after treatment with essential oils and 
treatment times

significant (p<0.01).
 

 
It had been previously stated that the essential 

oil recovered from A. santonicum  had a toxic effect 
on Sitophilus granarius and showed about 80 90% 
mortality at a dose of 9  h of 
exposure [23]. Similarly, it was indicated that  
essential oil of A. santonicum had an insecticidal 
effect on adults of Sitophilus zeamais and after 96 h 
of exposure, in the 20 μl/l air occured up to 100% 
mortality against this pest [25]. The present study 
proved that the essential oil of A. santonium had a 
toxic effect in all exposure times and at treatment 
doses, mortality rates of the adults of C. maculatus 
varied between 20.0% (in the 5 
exposure) and 98.3% (in the 10 
exposure) (Table 1; Figure 1, 2 and 3). 

It was reported that essential oil of A. 
spicigera had a toxic effect against the larvae of 
Dendroctonus micans, the mortality of the larvae of 
D. micans increased significantly after treatment 
with the essential oil [15]. In another study, it was 
found that the essential oil of A. spicigera had an 
insecticidal effect on Sitophilus granarius [23]. In 
the current study, it was determined that A. 
spicigera essential oil lead to a minimum of 26.6% 
(in the 5 a 
maximum 98.3% mortality (in the 10 

72 h of treatment) of adults of C. maculatus (Table 
1; Figure 1, 2 and 3).  

In a previous study, it was stated that the 
essential oil of O. onites had a larvicidal effect on 
4th and 5th larval instars of Thaumetopoea 
wilkinsoni (Çetin et al., 2006). Another study with 
O. onites showed that essential oil of O. onites was 
highly toxic against the house mosquito, Culex 
pipiens L. (Diptera: Culicidae) [9]. Also, it was 
determined that O. onites essential oil had 80% 
larval mortality on the larvae of Culex pipiens with 
concentrations between 50-200 ppm [9]. Likewise, 
O. onites oil resulted up to 100% mortality on the 
larval instars of Ephestia kuehniella and Plodia 
interpunctella [4]. In addition, it was found that the 
essential oils of O. onites had a toxic effect on 
adults of Sitophilus granarius [48]. In the present 
study, the essential oil of O. onites lead to the 
mortality rates 
after 12 h) and 93.3% (in the 10 , 
on the adults of C. maculatus (Table 1; Figure: 1, 2 
and 3). 

In a previous study, the essential oil obtained 
from S. thymbra caused an insecticidal activity on 
adults of Ephestia kuehniella, Plodia interpunctella 
and Acanthoscelides obtectus [4]. Similarly, it was 
stated that S. thymbra oil had a toxic effect on the 
larvae of Culex pipiens [31]. In this study, the 
essential oil of S. thymbra lead to minimum 25.0% 
mortality (in the 5 
and maximum 98.3% mortality (in the 10 
after 72 h of treatment) (Table 1; Figure 1, 2 and 3). 
In some earlier studies, the toxicity tests of T. 
sipyleus oil showed that 10  of T. sipyleus oil 
resulted with 73% and 72% mortality against S. 
granarius adults and Ephestia kuehniella larvae, 
respectively [47, 48]. In another study, the essential 
oil of T. sipyleus caused between 90% and 100% 
mortality in the 10 
on the 2nd, 3rd and 4th larval instars of T. pityocampa 
[18]. Similarly, in the present study, it was 
determined that essential oil of T. sipyleus had an 
important insecticidal effect in the 10 
all exposure times (12, 24, 48 and 72 h) between 
31.6% and 98.3% with mortality rates on C. 
maculatus adults (Table 1; Figure 1, 2 and 3). 

Furthermore, according to LD values (LD25, 
LD50 and LD90), the lowest LD values of C. 
maculatus was recorded for the essential oils of O. 
onites as 0.064 (LD25) and S. thymbra 0.218 (LD25), 
whereas the essential oils of A. dracunculus (LD25) 
and A. santonicum (LD25) had the lowest toxicity as 
1.016 and 0.979, respectively (Table 2). However, 
the lowest LD50 value was found for the essential 
oil of A. santonicum as 1.722 against C. maculatus 
adults. Similarly, the least toxicity by means of 
LD90 value was obtained with the essential oil of O. 
onites, as 8.029 (Table 2). 
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TABLE 2 
The LD values of essential oils obtained from six plants against adults of Callosobruchus maculatus. 

 
Essential oils LD25 LD50 LD90 X2 Slope ± SE 
Artemisia 
dracunculus 

1.016 1.639 4.064 4.428 3.250 ± 2.031 

Artemisia santonicum 0.979 1.722 5.044 5.238 2.748 ± 1.415 
Artemisia spicigera 0.383 0.861 4.024 4.902 1.915 ± 1.444 
Origanum onites 0.064 0.340 8.029 3.197 0.933 ± 1.033 
Satureja thymbra 0.218 0.569 3.512 5.691 1.621 ± 1.459 
Thymus sipyleus 0.577 1.108 3.834 5.205 2.378 ± 1.632 

 
In conclusion, the development and wide use 

of natural or biological insecticides may help to 
decrease negative effects of synthetic chemicals 
such as residues in the stored products, insect 
resistance and environmental pollution. In this 
respect, natural insecticides appear as easily bio-
degradable solutions with relatively low 
environmental pollution. In the present study, the 
essential oils isolated particularly from A. 
dracunculus, A. santonicum, A. spicigera, S. 
thymbra and T. sipyleus were found to be more 
toxic against C. maculatus adults, but O. onites oil 
had a lesser effect. In many cases, their toxicities 
were also found identical in comparison to the 
toxicity of current commercial insecticides, widely 
used as insect reagents to protect the cowpea 
against adults of C. maculatus. Therefore, in the 
light of the present findings, it can be suggested that 
these plant essential oils can be used as new and 
effective insecticidal reagents against adults of C. 
maculatus. However, further studies need to be 
conducted to evaluate the cost and safety of these 
reagents, along with the efficiencies under various 
environmental conditions. 
 
 
ACKNOWLEDGEMENTS 
 

The authors thank to  (9 
 for her valuable 

grammatical improvements on drafts of this 
manuscript, also to the editors for their critical 
reviews. 
 
 
REFERENCES 
 
[1] Arthur, F. H. (1996). Grain protectants: current 

status and prospects for the future. Journal of 
Stored ProductResearch, 32, 293-302. 

[2] 

vapours obtained from Pistacia spp. to the 
granary weevil, Sitophilus granarius (L.) 
(Coleoptera: Curculionidae). Journal of Plant 
Disease and Protection, 111, 400 407. 

[3] 
(2005). Toxicity of essential oils isolated from 
three Artemisia species and some of their major 
components to granary weevil, Sitophilus 
garanarius (L.) (Coleoptera: Curculinonidae). 
Journal of Plant Disease and Protection, 112, 
257 267. 

[4] 
2010). Insecticidal activity of the essential oils 
from different plants against three stored 
product insects. Journal of Insect Science, 10, 
21, 1-13.  

[5] Baytop, T. (1999). Therapy with Medicinal 
Plants in Tur

167. 
[6] Benzi, V. S. Murray, A. P. Ferrero, A. A.( 

2009). Insecticidal and insect-repellent 
activities of essential oils from Verbenaceae 
and Anacardiaceae against Rhizopertha 
dominica. Natural Product Communications, 4, 
1287-1290. 

[7] Bouchra, C. Achouri, M. Hassani, L. M. I. 
Hmamouchi, M. (2003). Chemicalcomposition 
and antifungal activity of essential oils of seven 
Moroccan Labiatae against Botrytis cinerea 
Pers: Fr. J. Ethnopharmacol, 89, 165 169. 

[8] 
(2007). Insecticidal effect of essential oil of 
Origanum acutidens against several stored 
product pest. Fresenius Environmental 
Bulletin, 16, 1395 1400. 

[9] 
the larvicidal activity of Origanum (Labiatae) 
species from southwest Turkey. Journal of 
Vect. Ecol., 31, 118-122. 

[10] 
Toxicity of essential oils extracted from 
Origanum onites L. and Citrus aurentium L. 
against the pine processionary moth, 
Thaumetopoea wilkinsoni Tarns., Folia 
biologica, (Krakow), 54, 153-157. 

[11] Davis, P. H. (1982). Flora of Turkey and the 
East Aegean Islands. vol. 7. Edinburgh 
University Press, Edinburgh, pp. 297 313. 

[12] Don-Pedro, K. N., (1996). Investigation of 
single and joint fumigant insecticidal action of 



© by PSP  Volume 25  No. 7/2016, pages 2620-2627  Fresenius Environmental Bulletin  

2626 

citruspeel oil components. Pestic. Science, 46, 
79 84.  

[13] Daouk, R. K. Dagher, S. M. Sattout, E. J. 
(1995). Antifungal activity of the essential oil 
of Origanum syriacum L. J. Food Protect., 58, 
1147 1149.  

[14] 
H. C. Tinnaz, A. (2007). Essential oil 
andantimicrobial activity of wild and cultivated 
Origanum vulgare L. subsp. Hirtum (Link) 
letswaart from the Marmara region, Turkey. 
Flavour Fragr. J., 22, 371 376. 

[15] 
(2011). Insecticidal effects of essential plant 
oils against larvae of Great Spruce Bark Beetle, 
Demdroctonus micans (Kuelann) (Coleoptera: 
Curculionidae: Scolytinae). Fresenius 
Environmental Bulletion, 20, 2365-2370. 

[16] Isman, M. B. (2006). Botanical insecticides, 
deterrents, and repellents in modern agriculture 
and an increasingly regulated world. Annual 
Review of Entomology, 51, 45-66. 

[17] Isman, M. B. Wan, A. J. Passreiter, C. M. 
(2001). Insectical activity of essential oils to 
the tobacco cutworm, Spodoptera litura. 
Fitoterapia,72, 65 68. 

[18] 

effects of some essential oils against larvae of 
the pine processionary moth, Thaumetopoea 
pityocampa (Denis & Schiffermüller) 
(Lepidoptera: Thaumetopoeidae). Egyptian 
Journal of Biological Pest Control, 23, 2, 201-
207. 

[19] Khalfi, O. Sahraoui, N. Bentahar, F. 
Boutekedjiret, C. (2008). Chemical 
compositionand insecticidal properties of 
Origanum glandulosum (Desf.) essential oil 
from Algeria. Journal of the Science of Food 
and Agriculture, 88, 1562 1566. 

[20] Khani A. Asghari, J. (2012). Insecticide 
activity of essential oils of Mentha longifolia, 
Pulicaria gnaphalodes and Achillea wilhelmsii 
against two stored product pests, the flour 
beetle, Tribolium castaneum, and the cowpea 
weevil, Callosobruchus maculatus. Jour. of 
Insect Sci.,12, 73,1-10. 

[21] 
activities of some thyme (Thymus, Satureja, 
Origanum and Thymbra) species against 
important plant pathogens. Asian J. Chem., 18, 
1455 1461. 

[22] Kim, D. H. Ahn, Y. J. (2001). Contact and 
fumigant activities of constituents of 
Foeniculum vulgare fruit against three 
Coleopteran stored-product insects. Pest 
Manag. Sci., 57, 301 306. 

[23] 
(2006). Toxicity of essential oils isolated from 
three Artemisia species and some of their major 

components to granary weevil, Sitophilus 
granarius (L.) (Coleoptera: Curculinonidae). 
Indust. Crops Prod., 23, 2, 162 170. 

[24] 
Kesdek, M. Mete, E. (2008). Antifungal, 
phytotoxic and insecticidal properties of 
essential oil isolated from Turkish Origanum 
acutidens and its three components, carvacrol, 
thymol and p-cymene. Bioresource 
Technology, 99, 8788 8795. 

[25] 
Fumigant toxicity of essential oils from fifteen 
plant species against Sitophilus 
zeamais Motschulsky (Coleoptera: 
Curculionidae). Egyptian Journal of Biological 
Pest Control, 23, 2, 241-246. 

[26] Konemann, B. (1999). The Illustrated A Z of 
over 10,000 Garden Plants and How to 
Cultivate Them Gordon.  Cheers Publication, 
Hong Kong, p. 885. 

[27] Lee, S. Tsao, R. Peterson, C. Coast, J. R. 
(1997). Insecticidal activityof monoterpenoids 
to western corn rootworm 
(Coleoptera:Chrysomelidae), two spotted 
spider mite (Acari: Tetranychidae), and house 
fly (Diptera: Muscidae). J. Econ. Entomol., 90, 
883 892. 

[28] Lee, S. Peterson, C. J. Coats, J. R.( 2003). 
Fumigation toxicity of monoterpenoids to 
several stored product insects. J. Stored Prod. 
Res., 39, 77 85. 

[29] Mahfuz, I. M, Khalequzzaman. (2007). Contact 
and fumigant toxicity of essential oils against 
Callosobruchus maculatus. University Journal 
Zoology, Rajshahi Univ., 26, 63-66. 

[30] Mahmoudvand, M. Abbasipour, H. 
Hosseinpour, M. H. Rastegar, F. Basij, M. 
(2011). Using some Plant essential oils as 
natural fumigants against adults of 
Callosobruchus maculatus (F.) (Coleoptera: 
Bruchidae). Munis Entomology & Zoology, 
6,150-154. 

[31] Michaelakis, A. Theotokatos, S. A. 
Koliopoulos, G. Chorianopoulos, N. G. (2007). 
Essential oils of Satureja species: Insecticidal 
effect on Culex pipiens larvae (Diptera: 
Culicidae). Molecules, 12, 2567-2578.  

[32] Mollaei, N. Izadi, H. Dashti, H. Azizi, M. 
Ranjbar-Karimi, R. (2011). Bioactivity of 
essential oil from Satureja hortensis 
(Laminaceae) against three stored-product 
insect species. African Journal of 
Biotechnology, 10, 34, 6620-6627. 

[33] Mollah, J. U. Islam, W. (2007). Toxicity of 
Thevetia peruviana (Pers) Schum. extract to 
adults of Callosobruchus maculatus F. 
(Colleoptera: Bruchidae). Journal of 
Agricultural and Rural Development, 5, 105-
109. 



© by PSP  Volume 25  No. 7/2016, pages 2620-2627  Fresenius Environmental Bulletin  

2627 

[34] Mousavi, M. Valizadegan, O. (2014). 
Insecticidal effects of Artemisia dracunculus L. 
(Asteraceae) essential oil on adult of Aphis 
gossypii Glover (Hemiptera: Aphididae) under 
laboratory conditions. Archives of 
Phytopathology and Plant Protection, 47, 14, 
1737-1745. 

[35] Papachristos, D. P. Karamanoli, K. I. 
Stamopoulos, D. C. Menkissoglu-Spiroudi, U. 
(2004). The relationship between the chemical 
composition of three essential oils and their 
insecticidal activity against Acanthoscelides 
obtectus (Say). Pest Manag. Sci., 60, 514 520. 

[36] Park, I. K. Lee, S. G. Choi, D. H. Park, J. D. 
Ahn, Y. J. (2003). Insecticidal activities of 
constituents identified in the essential oil from 
leaves of Chamaecyparis obtuse against 
Callosobruchus chinensis (L.) and Sitophilus 
oryzae (L.). J. Stored Prod. Res., 39, 375 384. 

[37] Prates, H. T. Santos, J. P. Waquil, J. M. Fabris, 
J. D. Oliveira, A. B. Foster, J. E. (1998). 
Insecticidal activity of monoterpenes against 
Rhyzopertha dominica (F.) and Tribolium 
castaneum (Herbst). J. Stored Prod. Res., 34, 
243 249. 

[38] Rafiei-Karahroodi, Z. Moharramipour, S.  
Farazmand, H. et al., (2011).  J. 
effect of six native medicinal plants essential 

Mun. Ent. Zool, 
Vol. 6, No. 1, January. 

[39] Rauf Tak, I. Dawood, M. Ganai, B. A. Chishti, 
M. Z. Ahmad, F. Dar, J. S. (2014). 
Phytochemical studies on the extract and 
essential oils of Artemisia dracunculus L. 
(Tarragon). African Journal of Plant Science, 8, 
1, 72-75. 

[40] Regnault-Roger, C. Hamraoui, A. (1995). 
Fumigant toxic activity and reproductive 
inhibition induced by monoterpenes on 
Acanthoscelides obtectus (Say) (Coleoptera), a 
bruchid of kidney bean (Phaseolus vulgaris 
L.). Journal of Stored Products Research, 31, 
291-299. 

[41] Sampson, B. J. Tabanca, N. Kirimer, N. 

J. M. Wedge, D. E. (2005). Insecticidal activity 
of 23 essential oils and their major compounds 
against adult Lipaphis pseudobrassicae (Dav.) 
(Aphididae:Homoptera). Pest Man. Sc., 61, 
1122 1128. 

[42] Santos, J. C. Faroni, L. R. D. A. Simões, R. O.  
Pimentel, M. A. G. Sousa, A. H. (2009). 
Toxicity of pyrethroids andorganophosphorus 
insecticides to Brazilian populations of 
Sitophilus zeamais (Coleoptera: 
Curculionidae). Bioscience Journal, 25, 75-81. 

[43]  T. Tümen, G. Turan, Y. 
(2008). Commercial and ethnic uses of Satureja 

(Sivri kekik) species in Turkey. Ekoloji, 67, 1-
7. 

[44] Sokovic, M. Tzakou, O. Pitarakoli, D. 
Couladis, M. (2002). Antifungal activities 
ofselected aromatic plants growing wild in 
Greece. Nahrung/Food, 46, 5, 317 320. 

[45] Taghizadeh, A. Moharramipour, S. 
Meshkatalsadat, M. H. (2010). Insecticidal 
properties of Thymus persicus essential oil 
against Tribolium castaneum and Sitophilus 
oryzae. Journal of Pest Science, 83, 3-8. 

[46] Ved, D. K. Goraya, G. S. (2008). Demand and 
supply of medicinal plants in India. Bishan 
Singh Mahendra Pal Singh, Dehradun & 
FRLTH, Bangalore, India. 

[47] 
 The effects of essential oils 

from eight plant species on two pests of stored 
product insects. Fresen. Environ. Bull., 14, 23
27.  

[48] 
Insecticidal effects of essential oils of eleven 
plant species from Lamiaceae on Sitophilus 
granarius (L.) (Coleoptera: Curculionidae). 
Romanian Biotech. Lett., 16, 6702-6709. 

 
 

 
Received: 16.11.2015 
Accepted: 12.03.2016 
 
 
CORRESPONDING AUTHOR 
 
Ayse Usanmaz Bozhüyük 
Igdir University Faculty of Agriculture Department 
of Plant Protection 76000, Igdir, TURKEY 
 
e-mail: ayseusanmaz@hotmail.com 



© by PSP  Volume 25  No. 7/2016, pages 2628-2638    Fresenius Environmental Bulletin  

2628

 
BASED ON 3S TECHNOLOGY LANDSLIDE 

ENVIRONMENTAL IMPACT FACTORS EVALUATION AND 
MONITORING RESEARCH IN ARID REGION  

 
Yifeng Cheng 1,2 , Zhihui Liu 1,* 

 
1. College of Resources and Environmental Science, Key Laboratory of Oasis Ecology of Ministry of Education Xinjiang University, 

Urumqi 830046, China; 

2. Xinjiang surveying and mapping archives museum (Xinjiang basic geographic information center) Urumqi 830002,China 

 
 
ABSTRACT

 
This study has used 3S technology to 

interpret landslide disasters in Xinyuan County in 
Xinjiang, which is in the arid region of northwest 
China. Field verifications were performed to 
explore the spatial distribution of landslide 
hazards. Data-driven theory, a weighted 
evidence-based model for landslide environmental 
impact evaluation, susceptibility zoning, and 
hazard zoning were investigated. An online 
landslide monitoring system with perception, 
network, and application layers using Internet of 
Things technology and based on rain gauges, GPS 
devices, crack meters, inclinometers, and other 
sensors will gather information transmitted 
through the network layer to the application layer 
of the landslide monitoring system, which will 
process high-accuracy deformation information 
and perform early warning analysis. The results 
showed that 514 landslide hazard points were 
identified in the study area. Elevation, slope, 
aspect, lithology, geological faults, and water were 
shown to be the main environmental factors 
influencing landslides. In the study area, those 
areas that were highly susceptible to landslides 
occupied an area of 674 km2, moderately 
susceptible areas 1820 km2, less susceptible areas 
3479 km2, and non-susceptible areas 1616 km2. 
The landslide high-risk area covered 742.51km2, 
the moderate-risk area 1816.21km2, and the 
low-risk area 5030.46 km2. A landslide monitoring 
system that periodically monitors landslide points 
can be used to obtain accurate information on 
changes in landslide risk for warning and analysis. 
 
 
KEYWORDS: 
Arid region of Xinjiang; 3S technology; landslide; 
environmental factor; things; landslide monitoring 
 
 
INTRODUCTION 

 
According to the National Geological 

Disasters 2009 2014 briefing statistics in China, 
the number of landslide disasters occurring in 
China each year accounted for more than 70% of 
the total number of geological disasters in the 
country for that year. Because of the enormous 
destructive force of landslides and the hazard they 
pose to the ecological environment, residential and 
business properties, and human lives, they have 
attracted the attention of researchers worldwide. 
Since the 1950s, classifications of form, 
movement mechanics, sedimentology, and other 
research studies have been carried out on landslide 
disasters in China [1]. Elsewhere in the world, 
landslides have been the object of 100 years of 
research [2 18].In 1984, Varnes proposed the most 
widely accepted classification and established the 
zoning principles that were used in the landslide 
risk zoning study of the United Nations [19]. In 
1998, based on the principles of Varnes, Chuan 
Tang proposed a technical framework for landslide 
hazard assessment [20]. On this basis, the 
principal component superposition method, the 
gray system evaluation method, fuzzy logic, and 
multi-factor comprehensive evaluation of 
knowledge-driven research methods have been 
widely used to study landslide hazards. 
Application of these methods depends heavily on 
experts and researchers with the professional 
experience to carry out the study based on 
evaluation of the actual area, subjectivity, and 
uncertainty. Data-driven methods, including a 
large amount of evidence and a landslide hazard 
distribution data history, have been used to 
determine the statistical environmental impact of 
different categories of hazard patterns and of large 
and small factors on landslide disasters. Landslide 
distribution data for different evaluation periods 
have been used to make predictive test results 
more realistic and accurate. 

An arid region in Xinyuan County, Xinjiang 
(western China) was chosen as the study area. The 
area is characterized by crustal faults, soft 
geological formations, and many fractured 
mountains, which constitute a hidden high 
potential for unstable slopes under heavy rainfall 
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and similar conditions, and are likely to cause 
landslides and other geological disasters. Using 
multi-temporal, multi-scale remote-sensing data 
and making full use of 3S technology, the weights 
of the evidence-based model were calculated to 
evaluate landslide impact factors in the study area 
and to explore the distribution of the main 
environmental impact factors. Quantitatively, 
landslide-prone zoning and dangerous landscape 
categories were evaluated, using the perception, 
network, and application layers with the Internet 
of Things technology to provide early warning and 
monitoring of landslides online. 3S technology 
was used to provide a scientific validation 
environment for landslide impact factor 
assessment and early warning in arid areas. 
 
 
MATERIAL AND METHODS 
 

Study area. Xinyuan County is located in 
northwestern China at longitude 82°28' 84°56'E, 
latitude 43°03' 43°40'N (Figure 1) and occupies an 
area of 7589 km2 at an altitude of 747 4229 m. The 
region has a typical continental semi-arid climate, 
with annual average temperature of 6.1 9.3°C and 
annual precipitation of 270 880 mm. The main 
mountain ranges are the Andier Mountains to the 
northeast, the Nalati Mountains to the south, and 
Mount Aburele to the north. Soils are distributed in 
vertical bands, with significant amounts of 
sierozem, chernozem, and millet calcium soil. The 
main rivers are the Kunas, Qiapu, Jiergalang, and 
Turks Rivers. 

 
 

 
FIGURE 1 

Research area sampling station. 
 

Remote-sensing interpretation and field 
verification. DOM data with a resolution of 0.5 
meters in 2012 WorldView-2 and Quickbird images 
were used. DEM data and TM images were 
downloaded from the Chinese Academy of 
Sciences Data Cloud, with a resolution of 30 meters 
for the ASTER GDEM data and 30 meters for the 
2011 TM images. The ENVI4.6 and ArcGIS10.0 
software packages were used for correction of 
image geometric precision, mosaicking and cutting, 

atmospheric correction, image enhancement, and 
other preliminary and three-dimensional modeling 
activities. By visual interpretation of 
remote-sensing images combined with field 
verification, the spatial distribution of landslide 
hazards in the study area was determined. 

FIGURE 2 
Research area landslide hazard distribution. 

 
Analysis of spatial distribution. Using the 

ArcGIS10.0 software, elevation, slope, and aspect 
data were extracted from DEM data and road and 
water data from a 1:100000 topographic map of the 
study area. NDVI data were extracted from TM 
images, a study of geological faults and the 
lithology distribution process was completed, and 
by superimposing landslide point information data, 
a complete spatial statistical analysis of the 
environmental impact of landslides in the study 
area was carried out. 

 
Evaluation model for environmental impact 

factors of landslides. A weighted evidence-based 
model based on Bayesian conditional probabilities 
was constructed, which could determine the level of 
evidence of mineralization with an accuracy close 
to that of mathematical methods using its weight 
values and could then calculate the probability of 
mineral development in a particular spatial location, 
with the objective of defining several levels of 
forecast targets. The weighted evidence-based 
approach is based on the number of the smallest 
pre-analysis units in the study area, the binary 
evidence maps, landslide disaster events, and 
posterior probabilities. Each of the environmental 
impact factors is considered as evidence influencing 
the landslide hazard zoning factor, and the 
contribution of each factor to the initial landslide 
hazard partition is determined by the weighting 
factor values. In the calculations, each landslide 
hazard zone is assumed to occupy a small area or a 
set of individual units, enabling the probability 
point position to be defined as the probability per 
unit area, which can be calculated as follows: 

   
/P D N D N T

     (1)                        

   After the probability = probability × evidence 
before factor factor             (2) 

log log [ / (1 )]eit P P       (3) 
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TABLE 1 
The significance level relations of Studentized C and C. 

 
Studentized(C) 0.253 0.542 0.842 1.282 1.645 1.96 2.326 2.576 
C value of the 

significance level 
60% 70% 80% 90% 95% 97.50% 99% 99.50% 

 

 

{ / }
log

{ / }
e

P B D
W

P B D      (4)                 

{ / }
log

{ / }
e

P B D
W

P B D         (5) 

C W W          (6)                

/StudentizedC C        (7)                                               

where P represents the probability of an event; 
the prior probability P{D} represents the 
probability of missing evidence given that an 
event has occurred; B represents the number of 
units of a factor in the region under consideration; 
the complement of B represents the number of unit 
areas in which B does not exist; affects every layer 
of evidence that a landslide disaster has occurred 
before the probability represented by the weight 
and the number obtained by adding the number of 
posterior probabilities; and W+, W- represent 
respectively evidence of the existence region 
weighting factor for the region under 
consideration and evidence for the absence of the 
factor in the region. The posterior probabilities 
then undergo a logarithmic mathematical 
transformation to produce the landslide hazard 
zoning map. The correlation coefficient C is the 
correlation between the index and the evidence 
factor training points. The Studentized C 
represents the degree of certainty of the correlation 

which when the Studentized C is greater than 1.5, 
indicates a significant value of C (Table 1) [21].  

Each grid cell was 30 × 30 m in size. With 
each click representing a landslide as a sequential 
verification point, 51 verification points were 
randomly chosen, with the remaining points used 
as training data. ArcGIS SDM was used to 
calculate the weights for evidence-based analysis. 
Elevation, slope, aspect, lithology, geological 

faults, water, and road data were converted into a 
continuous 8-bit unsigned integer GRID format. 
The Spatial Data Modeller Tools software was 
used to conduct landslide environmental impact 
analysis and to study the area weighting of the 
landslide susceptibility and hazard zoning 
classifications. 

 
Construction landslide online monitoring 

platform based on Internet of Things technology. 
A representative study area was selected as 
Jialangpute, Batebahesayi, and a wild fruit forest 
improvement field, including three landslide 
disaster points (Figure 2). Using rain gauges, 
inclinometers, crack meters and other sensors, 
ground subsidence, cracking, and displacement data 
were transmitted via GPRS data in real time to an 
online landslide monitoring and warning system 
monitoring center, where the overall surveillance of 
real-time landslide security status is carried out, 
while landslide disaster-prone points in the study 
area are periodically monitored. 

 
 
RESULTS

 
Landslide Distribution. Visual 

interpretation of landslide hazards in the study 
area revealed a total of 653 landslide occurrences 
in the field (Figure 3a), and handheld GPS 
instruments were used to verify a total of 514 
points representing landslide disasters (Figure 3b).  

The largest number of landslides occurred in 
the range of 1100 2600 m, representing 96.69% of 
the total. In the ranges from 800 to 1100 m, 2600 
to 2900 m, and 3200 to 3500 m, only isolated 
points of the landslide distribution were found. 
(Figure 4a).  

 
 

 

 

 

 

 
 

FIGURE 3 
Research area landslide hazard interpretation map 

(a:Remote sensing interpretation map, b: landslide hazard distribution). 
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As for slope distribution, landslide points 
within the range of 0° 40° accounted for 97.86% 
of the total. (Figure 4b). With regard to spatial 
orientation, in the ranges of 337.5° 22.5°, 
22.5° 67.5°, 67.5° 112.5°, 112.5° 157.5°, 
157.5° 202.5°, 202.5° 247.5°, 247.5° 292.5°, 
292.5°337.5°aspect, landslide points ranged from 
53 to 75, accounting for 10.7% to 14% of the 
total(Figure 4c).  

Landslide hazard was found mainly in 
quartzite, basaltic andesite, sandstone layered 
rocks of the hard group, alluvial, gravel, sand, 
loam and loess granite hard crystalline rock group, 
with the three lithology distributions accounting 
for 97.67% of the landslides in the study area. 
Areas where quartzite, basaltic andesite, and hard 
sandstone layered clastic group are widespread 
accounted for 50.19% of the landslides in the 
study area. (Figure 4d).  

In areas with geological faults, in zones 
within 5000 m of a fault, 487 landslides were 
identified, accounting for 94.74% of the total. 
Areas within 500 m of a fault had 131 points 
representing landslide disasters, accounting for 

25.48%. Areas at distances from 500 to 2500 m 
had 267 points, accounting for 51.94%. (Figure 
4e).  

In zones within 5000 m of a river, 468 
landslides were identified, accounting for 91.05% 
of the total. Areas within 200 m of a river had 49 
points. The zones from 200 to 400 m, 400 to 600 
m, and 600 to 800 m accounted for about 7% of 
the total number of landslides. Areas at distances 
of 1000 to 2000 m from a river had129 landslides. 
Areas at distances of 2000 to 3000 m had 86 
landslides. Areas at distances of 3000 to 4000 m 
had 59 landslides(Figure 4f). 

In zones within 100 m of a road, 15 
landslides occurred.Within 100 to 200 m of a road, 
19 landslides occurred. Within 200 to 300 m of a 
road, there were 14 landslides. Within 300 to 400 
m of a road, there were 16 landslides. The zone 
from 400 to 500 m of a road experienced 12 
landslides. Within 500 to 1000 m of a road, there 
were 63 landslidesl. Within 1500 to 2000 m of a 
road, there were 71 landslides. Within 2000 m of a 
road, there were 210 landslides. It follows that the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 4 

The distribution of landslide hazard and environment impact factors 
(a: elevation, b: Slope, c: Aspect, d: Lithology, e: Geological faults, f: river, g: road, h:NDVI) . 
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effect of distance from roads on landslide disasters 
is not dominant in the study area (Figure 4g). 
Areas with NDVI values between -1 and 0.5 had 
68 landslide disasters. Areas with NDVI values 
between 0.5 and 0.6 had 99 landslides. Areas with 
NDVI values between 0.6 and 0.7 had 169 
landslides. Areas with NDVI values between 0.7 
and 0.8 had 176 landslides. It is apparent that the 
distribution of landslide hazards becomes denser 
with increasing NDVI, but that this effect is not 
dominant in the study area (Figure 4h). 
 

Establishment and evaluation of the 
environmental impact assessment model. 

Environmental impact factor weight calculation. 
As shown in Tables 2
greater than 1.5, indicating a high significance 
level, under the following conditions: elevation 
1100 2000; slope 15° 30° or 35° 45°; rock 
groups including quartzite, basaltic andesite, 
sandstone hard layered rocks, alluvial, gravel, sand, 
loam loess, granite hard crystalline rock group, 
sandy mudstone, siltstone, and sandstone 
conglomerate hard-soft white rocks; presence of a 
fault within 500 m. With respect to river buffer 
distance, the Stu
indicating low significance. 

TABLE 2 
The weight calculation result of elevation and landslide. 

 
Elevation class m  Number Area km2  Statistics Unit W+ W- Studentized C 

0-800 0 127.6082 2552.1645 0 0 0 
800-1100 2 1645.5759 32911.5178 -2.3092 0.2233 -7.9202 

1100-1400 124 972.8251 19456.5014 0.6105 -0.1316 6.7582 
1400-1700 233 758.5374 15170.7473 1.5425 -0.5162 21.9921 
1700-2000 109 1038.0787 20761.5739 0.4383 -0.091 4.6424 
2000-2300 20 931.3412 18626.8247 -1.1516 0.0916 -5.1678 

2300-2600 11 734.2844 14685.6881 -1.5019 0.0802 -4.9468 

2600-2900 2 538.5175 10770.3506 -2.8018 0.0695 -4.0514 

2900-3200 0 420.2304 8404.6079 0 0 0 

3200-3500 3 288.9546 5779.0912 -2.179 0.0346 -3.1232 

3500-3800 0 117.1717 2343.4344 0 0 0 

3800-4229 0 16.2975 325.9498 0 0 0 

 
TABLE 3 

The weight calculation result of Slope and landslide. 
 

Slope Class °  Number Area km2  Statistics Unit W+ W- Studentized C 

0-10 76 2649.5771 2649.5771 -0.9491 0.2992 -9.1766 
10-15 57 1052.2877 1052.2877 -0.1448 0.0217 -1.1362 

15-20 87 928.4295 928.4295 0.3725 -0.0629 3.3949 
20-25 87 841.7365 841.7365 0.494 -0.0794 4.4729 
25-30 76 736.7767 736.7767 0.4799 -0.0657 4.0127 
30-35 46 595.6823 595.6823 0.1549 -0.0142 1.0082 

35-40 49 418.7120 418.7120 0.458 -0.0332 2.7999 
40-45 25 233.8370 233.8370 0.5182 -0.0209 2.396 
45-90 9 132.3838 132.3838 -0.1516 0.0025 -0.3939 

 
TABLE 4 

The weight calculation result of Aspect and landslide. 
 

Aspect Class °  direction Area km2  Statistics Unit W+ W- Studentized C 

-1 flat 3.7747 3.7747 0 0 0 
0-22.5 North 508.1556 508.1556 0.2184 -0.0174 1.3401 

22.5-67.5 northeast 928.1066 928.1066 0.0439 -0.0063 0.3484 

67.5-112.5 east 892.5137 892.5137 0.0299 -0.0041 0.231 

112.5-157.5 southeast 781.3925 781.3925 0.0721 -0.0086 0.5254 

157.5-202.5 south 913.7553 913.7553 0.1478 -0.0218 1.2153 

202.5-247.5 southwest 984.5478 984.5478 -0.1327 0.0185 -1.0073 

247.5-292.5 Western 1092.7572 1092.7572 -0.0107 0.0018 -0.0908 

292.5-337.5 northwest 1009.0307 1009.0307 -0.2201 0.0303 -1.6285 

337.5-360 North 475.3884 475.3884 -0.116 0.0073 -0.5937 
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TABLE 5    
The weight calculation result of Lithology and landslide. 

 

Lithology 
Area
km2  

Statistics 
Unit 

W+ W- 
Studentized 

C 
Quartzite, basaltic andesite, sandstone 

hard layered clastic group 
3622.9905 3622.9905 0.1739 -0.186 3.7251 

Alluvial, gravel, sand, loam loess 1259.5131 1259.5131 0.1572 -0.034 1.5654 
Granite hard crystalline rock group 961.2135 961.2135 0.2201 -0.0357 1.9216 

Sandy mudstone, siltstone, sandstone 
conglomerate hard - soft white rocks 

group 
31.4388 31.4388 2.2514 -0.0235 6.1433 

Gravelly silty loam soil monolayer 
structure 

425.6379 425.6379 -0.1757 0.0096 -0.8258 

Alluvial, gravel, sand, gravelly loam soil 
multilayer structure 

1288.4166 1288.4166 -2.3417 0.1806 -7.046 

 
TABLE 6    

The weight calculation result of Geological faults and landslide. 
 

Fault buffer distance
m  

Number Area km2  
Statistics 

Unit 
W+ W- 

Studentized 
C 

0-500 131 1262.4291 1262.4291 0.3953 -0.1137 4.5225 
500-1000 87 1054.7325 1054.7325 0.1535 -0.0308 1.4287 

1000-1500 66 872.3214 872.3214 0.0254 -0.0038 0.2001 
1500-2000 62 735.3189 735.3189 0.1322 -0.0173 0.9908 
2000-2500 52 623.2023 623.2023 0.1377 -0.015 0.9435 
2500-3000 31 542.7621 542.7621 -0.2442 0.0191 -1.3121 
3000-4000 39 889.5672 889.5672 -0.4422 0.0543 -2.8582 
4000-5000 19 765.2052 765.2052 -1.1172 0.0867 -4.8072 

 
TABLE 7    

The weight calculation result of river and landslide. 
 

River buffer distan
m  

Number Area km2  Statistics Unit W+ W- 
Studentized 

C 
0-200 49 594.7659 594.7659 0.1304 -0.0141 0.8735 

200-400 37 581.1642 581.1642 -0.1852 0.0168 -1.0672 
400-600 36 544.9806 544.9806 -0.0525 0.0047 -0.3096 
600-800 40 503.7741 503.7741 -0.0004 0 -0.0021 

800-1000 32 461.5695 461.5695 0.1571 -0.0131 0.9271 
1000-1500 75 997.5942 997.5942 -0.0915 0.016 -0.7471 
1500-2000 54 814.8366 814.8366 -0.1136 0.0156 -0.8166 
2000-3000 86 1194.3648 1194.3648 0.05 -0.0117 0.484 
3000-4000 59 746.9838 746.9838 0.1055 -0.0146 0.794 

 

 

Reclassification. As shown in Tables 8 13, 

greater than 1.5, indicating high significance, under 
the following conditions: elevation 1100 2000 m; 
slope 15° 30° or 35° 45°; orientation 0° 22.5° or 
157.5° 202.5°; lithology of quartzite, basaltic 
andesite, sandstone hard layered rocks group, 
alluvial, gravel, sand, loam loess, granite hard 

crystalline rock group, sandy mudstone, siltstone, 
or sandstone conglomerate hard-soft white rocks 
group; geological fault buffer distance less than 500 
m; and river buffer distance less than 200 m, 
800 1000 m, or 2000 4000 m. The landslide 
weighting factor classification table is shown in 
Figure 5. 
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TABLE 8    
The weight calculation result of reclass elevation and landslide. 

 

Elevation class m  
Area
km2  

Statistics 
Unit 

W+ W- 
Studentized 

C 
0-800 2900-3200 3500-4229 681.6528 6816.528 0 0 0 

800-1100 2000-2900 3200-3500 4138.2837 41382.837 -1.7987 0.6991 -15.4201 
1100-2000 2769.5439 27695.439 0.9222 -1.9513 17.7382 

 
 

TABLE 9    
The weight calculation result of reclass Slope and landslide. 

 

Slope Class °  Area km2  
Statistics 

Unit 
W+ W- 

Studentized 
C 

0-15 45-90 3833.4132 38334.132 -0.5155 0.3458 -8.4907 
30-35 595.62 5956.2 0.4537 -0.0499 3.5447 

15-30 35-45 3160.4472 31604.472 0.3242 -0.3176 6.8064 
 

 
TABLE 10    

The  weight calculation result of reclass Aspect and landslide. 
 

Aspect Class °  Area km2  Statistics Unit W+ W- Studentized C 
202.5-360 -1 3610.0746 36100.746 -0.1173 0.0958 -2.2579 

22.5-157.5 2602.5003 26025.003 0.0688 -0.0378 1.1026 
0-22.5 157.5-202.5 1376.9055 13769.055 0.1449 -0.0351 1.5706 

 
 

TABLE 11    
The weight calculation result of  reclass Lithology and landslide. 

 
Lithology Area

km2  
Statistics 

Unit 
W+ W- 

Studentized 
C 

Quartzite, basaltic andesite, sandstone 
hard layered clastic group 

3622.9905 36229.905 0.1635 -0.1766 3.6198 

Alluvial, gravel, sand, loam loess 1259.5131 12595.131 0.1479 -0.0322 1.5216 
Granite hard crystalline rock group 961.2135 9612.135 0.2066 -0.0338 1.8679 

Sandy mudstone, siltstone, sandstone 
conglomerate hard - soft white rocks group 

31.4388 314.388 1.8664 -0.0222 6.3354 

Gravelly silty loam soil layer structure, the 
alluvial, gravel, sand, gravelly loam soil 

multilayer structure 
1714.0545 17140.545 -1.253 0.1903 -7.6369 

 
 

TABLE 12    
The weight calculation result of reclass Geological faults and landslide . 

 

Fault buffer distance m  Area km2  Statistics Unit W+ W- 
Studentized 

C 
0-500 1262.4291 12624.291 0.3672 -0.1074 4.3875 

500-1000 1054.7325 10547.325 0.1438 -0.0291 1.3861 
1000-2500 2230.8426 22308.426 0.0875 -0.0462 1.3386 
2500-5000 2197.5345 21975.345 -0.5446 0.1854 -5.9736 
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TABLE 13   
 The  weight calculation result of reclass river and landslide. 

 

River Buffer distance m  Area km2  Statistics Unit W+ W- Studentized C 
0-200 800-1000 2000-4000 2997.684 29976.84 0.091 -0.0864 1.8158 

200-800 1000-2000 3442.3497 34423.497 -0.0864 0.091 -1.8158 
 

 

 

 

 
FIGURE 5 

The distribution of landslide hazard and  environment impact factors in Weight of evidence 
(a: elevation, b: Slope, c: Aspect, d: Lithology, e: Geological faults, f: road). 

 
Landslide susceptibility and hazard zoning. 

Landslide susceptibility zoning. Research area 
landslide susceptibility zoning as shown in Figure 
6. 

 

FIGURE 6 
Research area landslide susceptibility zoning. 

 
(1) High-susceptibility areas include the 

northern portion of the Kunas Valley, the hilly 
areas around the Awulale Mountains, the south 
side of Yishijilike Hill, the mountain sides of the 
Nalati watershed, and along the Qiapu River to the 
south. These areas total 674 km2, accounting for 
8.88% of the study area. The area includes 336 
landslide disaster zone distribution points.  

 

 
FIGURE 7  

Research area landslide hazard zoning. 
 

 (2) Moderately susceptible areas in Xinyuan 
County include the northern part of the Awulale 
Mountains, around the Tiemulike-Lejiakebu Lake, 
along the Tuergengsayi River, and the Kansu 
Valley upstream and downstream around the 
high-susceptibility areas. Susceptible areas also in 
Xinyuan County include the southern portion of 
Yishijilike Hill and the sides of the Nalati 
Mountain watershed, the upstream part of the 
southern Qiapu River, around the 
high-susceptibility Taledesayi and Atibiekesayi 
areas, and the valley north of the Jiergalang River  
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TABLE 14  
Research area landslide susceptibility zoning statistics. 

  
Classification Zoning area km2  proportion of the study 

area 
Number Landslide 

High-prone 
areas 

674 8.88% 336 

prone areas 1820 23.98% 153 
Low-prone 

areas 
3479 45.84% 23 

Easy-prone 
areas 

1616 21.29% 0 

 
TABLE 15  

Research area landslide hazard zoning statistics. 
 

Classification Zoning area
km2  

proportion of the study 
area 

Number 
Landslide 

high-risk area 742.51 9.78% 341 
middle-risk area 1816.21 23.93% 151 
Low-risk area 5030.46 66.28% 23 

 
 
along the mountain pass. These areas cover 1820 
km2 and account for 23.98% of the study area. 
They include 153 landslide disaster zone 
distribution points. 

(3) Low-susceptibility areas are distributed in 
a large area around Xinyuan County High School 
in the southern forested mountainous and hilly 
areas above and in the northern Shandong section 
of the Awulale high mountains. These areas cover 
3479 km2 and account for 45.84% of the study 
area. They include 23 landslide disaster zone 
distribution points. 

(4) Non-susceptible areas are located in the 
Kunas Valley plain area, which covers 1616 km2 
and accounts for 21.29% of the study area. No 
landslide hazards exist in this region.  

 
Landslide hazard zoning. The study area for 

landslide hazard zoning is shown in Figure 7 and 
can be categorized as follows: 

(1) High-risk area. This area includes the 
Kunas Valley in Xinyuan County on both sides of 
the mountains, on both sides of the southern 
Talede Mountain watershed, along the southern 
Qiapu River, east of Alemale, the northern valley 
north of Zeketai town and Awulale on the south 
side of the mountain. These areas cover 742.51 
km2, account for 9.78% of the study area, and have 
experienced 341 landslide disasters.  

(2) Moderate-risk area. This area is located 
in southern Xinyuan County, including the Kunas 
Valley, Talede Mountain, Taledesayi, Atibiekesayi, 
Taledesayi upstream, the area north of the 
upstream part of the Jiergalang River, Bayintale, 
and The northern part of the Kunas Valley 
(Awulale, Moution, Tiemulike, Tuergengsayi 

upstream, Kansuggou downstream, and Lasitai at 
the end of the pass). This area covers 1816.21 km2, 
accounts for 23.93% of the study area, and has 
experienced 151 landslide disasters. 

(3) Low-risk area. This area is located in the 
Nanshan Forest in Xinyuan County, which consists 
of high mountains and hilly areas, the bed and sides 
of the Kunas River floodplain, the low mountains 
and hilly areas to the north of Kansu Awulale 
Mountain, and the Kunas Valley. These areas cover 
5030.46 km2, account for 66.28% of the study area, 
and have experienced 23 landslide disasters.  

 
Online Landslide Monitoring System with 

the Internet of Things. Perception layer. This 
layer includes various sensors, including a selection 
tipping bucket rain gauge, a GPS static water level 
meter, a fixed inclinometer, a surface-type crack 
meter, and sensors monitoring rainfall, settlement, 
inclination, and cracking. The alarm values are set 

displacement in the horizontal direction and 
accumulated in the same direction as the 
displacement, and twice the vertical displacement 
in the horizontal direction, as shown in Table 16.  

 
Network layer. This is an external network 

using GPRS transmission. The perception layer 
collects data on rainfall, settlement, and 
displacement of each sensor in a quantity and 
bandwidth sufficient to meet the needs of GPRS 
data transmission. This layer contains a 
heterogeneous network among individual sensors. 
Rain gauges, inclinometers, and crack meters do 
not generate data in the absence of rainfall, and the 
amount of data generated when rain falls is  
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TABLE 16  
Sensor alarm value table. 

 
Grade Rainfall rate Settlement Monitoring Tilt monitoring Crack monitoring 

One 
alarm 
value 

l 4.0mm/min
60mm/hour
200mm/day 

daily rate more than 
3mm, total 

displacement more 
than 15mm  

daily rate more than 
2mm, total 

displacement more 
than 15mm 

daily rate more than 
60mm, total 

displacement more than 
300mm 

Two 
alarm 
value 

2.0mm/min
30mm/hour
100mm/day 

daily rate more than 
3mm, total 

displacement more 
than 9mm   

daily rate more than 
1.5mm, total 

displacement more 
than 9mm 

daily rate more than 
50mm, total 

displacement more than 
250mm 

Three 
alarm 
value 

1.0mm/min
15mm/hour

50mm/day  

daily rate more than 
3mm, total 

displacement more 
than 6mm 

daily rate more than 
1mm, total 

displacement more 
than 6mm 

daily rate more than 
40mm, total 

displacement more than 
200mm 

 
relatively small. To connect to the network through 
GPRS data communication and the high-power 
wireless bridge, a power supply and solar-powered 
batteries are used. 

 
Application layer. The application layer 

includes three functional modules: GNSS Monitor, 
BService, and WebService. This layer analyzes 
landslide rainfall, internal strain, GPS real-time 
settlement, and other data, performing collection, 
transmission, calculation, analysis, and real-time 
security status updates for overall landslide 
monitoring. The visual display on the monitor 
changes over time, and the current state of 
information and data provides a simple, clear, 
intuitive, and effective information reference. If 
heavy rainfall occurs and the soil moisture content 
exceeds the warning value or the landslide internal 
deformation anomaly threshold, or if landslide 
subsidence displacement or displacement rate of 
change exceeds the warning value, the system can 
generate timely audible alarms, flashing alarm 
system animations, large-screen alert prompts, and 
SMS / e-mail classifications of early warning 
information that are published to relevant managers 
and responsible leaders.  
 
 
CONCLUSION 

 
(1) The environmental factors impacting 

landslides in the study area are mainly elevation, 
slope, aspect, lithology, geological faults, water, 
roads, and vegetation cover. Landslide hazards are 
most prominent at elevations of 1100 to 2600 m, 
slopes less than 40°, lithologies of quartzite, 
basaltic andesite, sandstone layered rocks hard 
group, alluvial, gravel, sand, loam, and loess 
granite hard crystalline rock group, and within 
5000 m of geological faults and water. The effects 
of orientation and roads in landslide hazards in the 
study area proved not to play a dominant role. 

(2) A weighted evidence-based, data-driven 
model of elevation, slope, aspect, lithology, 
stratigraphic faults, water, roads, vegetation cover, 
and other hazards in the study area was 
constructed and used for analysis. The results 

than 1.5, indicating high significance, in the 
following situations: elevation 1100 2000 m, 
slope of 15° 30° or 35° 45°, orientation of 
0° 22.5° or 157.5° 202.5°, lithology of quartzite, 
basaltic andesite, sandstone layered hard clastic 
rock group, alluvial, gravel, sand, loam loess, 
granite hard crystalline rock group, sandy 
mudstone, siltstone, or sandstone conglomerate 
hard-soft white clastic group, distance from a 
geological fault less than 500 m, and distance from 
a body of water of 200 m or less, 800 1000 m, or 
2000 4000 m. The influence of roads and 
vegetation on landslide disasters proved not to 
play a dominant role.  

(3) The research area included 674 km2 of 
high-susceptibility areas, 1820 km2 of 
moderate-susceptibility areas, 3479 km2 of 
low-susceptibility areas, and 1616 km2 of 
non-susceptible areas. The landslide study area 
included 742.51 km2 of high-risk areas, 1816.21 
km2 of moderate-risk areas, and 5030.46 km2 of 
low-risk areas.  

(4) Construction of a landslide monitoring 
system using rainfall data and Internet of Things 
technology included perception, network, and 
application layers. Based on these three elements, 
data are collected from rain gauges, GPS devices, 
crack meters, inclinometers and other sensors. The 
sensing layer architecture collects settlement and 
displacement data via GPRS network layer data 
communications and a high-power wireless bridge 
that transfers data across the network to the 
application layer and the landslide monitoring 
system. The system then generates high-precision 
single-epoch deformation information via 
high-precision GNSS and transfers the 
deformation information to the real-time early 
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warning system database for analysis. The results 
show that the landslide hazard landslide 
monitoring system can periodically monitor a set 
of data points, can obtain accurate change 
information for impact analysis, and can provide 
appropriate support for development of 
appropriate disaster prevention and emergency 
response countermeasures. 
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ABSTRACT 
 

In this study, the effects of using cottonseed 
oil (CSO) which is one of the vegetable oil sources 
considered as an alternative to fish oil (FO) in 
European sea bass, at different ratios on oxidative 
stress biomarkers and hematological parameters, 
were investigated. Each group in this study was 
contained 20 samples with 3 repetitions, making a 
total of 300 sea bass (35 g). The groups were 
designed as control (FO) (100%), CSO40 (40%), 
CSO60 (60%), CSO80 (80%), CSO100 (100%) for 
a 120 day period.  

At the end of the feeding trial, the activities of 
antioxidant defence enzymes (ADE) which will 
indicate the oxidative stress, catalase (CAT), 
superoxide dismutase (SOD), glutathione (GSH) 
and the levels of malondialdehyte (MDA) were 
determined. SOD, GSH and CAT levels in CSO100 
group increased significantly. On the other hand, 
hepatosomatic index (HSI) and visceral fat index 
(VFI) rose with increasing dietary CSO. The 
haematological parameters, erythrocyte and 
leukocyte numbers, lymphocyte and neutrophil cell 
percentages, were higher than the other groups with 
increasing substitution levels of CSO.  

There were no negative effects on the health 
of fish as hematological and antioxidant enzymes in 
fish that were fed CSO40 and CSO60. However, it 
was reported that, the increase in hepatosomatic 
index and visceral adiposity in CSO80 and CSO100 
groups lead to an increase in oxidative stress 
indicators antioxidant enzymes and hematological 
parameters, with a similar increase, operated for 
defending the body.  

 
 

KEYWORDS: 
Dicentrarchus labrax, Cottonseed oil, Fish oil, Vegetable 
oil, Hematological parameters, Oxidative stress, 
Antioxidant enzymes. 

 
 

INTRODUCTION 
 
Balanced feed rations play an important role 

for the implementation of most of the physiological 
functions for fish. To generate an economical and 
balanced ration for feed, finding alternative sources 
of fish oil that can meet the same need of fish fatty 
acids without causing metabolic disruption and 
health disorder will decrease the expenses of the 
market sector and will benefit the economy. In 
aquaculture, the energy requirement of fish is 
fulfilled by using certain amounts of soy, canola, 
cottonseed, sunflower seed and palm oil, which is 
supported by various researchers. CSO which is the 
subject of this study, is a vegetable oil source rich 
in n-6 PUFA (Polyunsaturated fatty acid). 
Replacement of fish oil with various vegetable oils 
containing n-6 PUFA at 40-100% do not cause any 
problems for growth performance, feed conversion, 
health problems and stress in fish [1,2,3]. It is 
emphasized that usage of certain amount of plant 
oils support the fish immune system against 
diseases and plays important role for maintaining 
their health [4,5,6]. In these interactions, the 
differences in fish species, ingredients of feed 
rations, lipid balance, dietary specialization, 
digestive systems and environmental factors are 
directly related [2,7]. In biological systems aerobic 
organisms are exposed to various natural or 
synthetic pollutants during metabolic activities and 
oxygen radicals. These activities severely damage 
organism and cause oxidative stress.  The biological 
system minimizes the harm of the oxygen radicals 
by ADE; SOD, CAT, GSH and MDA [8]. The goal 
of this study is to investigate the effects of CSO, 
which was preferred considering the fish health and 
welfare, on stress indicator liver ADE and 
hematological parameters. This study is the first of 
its kind that investigates the usage of CSO as an 
alternative to fish oil as an indicator of fish health 
by using antioxidant and hematological data.  
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TABLE 1 
Formulation and contents of diet groups (g/kg). 

 

Diet Groups (g kg air-dry basis-1) 

Contents  

FO CSO40 CSO60 CSO80 CSO100 

Fish oil 120 72 48 24 0 

Cotton seed oil 0 48 72 96 120 

Fish meal 425 425 425 425 425 

Corn gluten 221 221 221 221 221 

Wheat gluten 90 90 90 90 90 

Carboxy Methyl Cellulose 42 42 42 42 42 

Di Calcium Phosphate 27 27 27 27 27 

Min/Vit. Premix 30 30 30 30 30 

L-Lysine 20 20 20 20 20 

DL-Methionin 25 25 25 25 25 
 
 
MATERIALS AND METHODS 

 
Experimental Diets. The experimental diets 

were cold-pelleted and formulated to contain 48% 
crude protein, 22% lipid and 25.7 MJ kg-1 gross 
energy. The diet was contained different levels of 
cotton seed oil (40%, 60%, 80% or 100%) and 
except CSO replaced either 0% (fish oil 100%) of 
the supplemental dietary lipid content (100 g/kg 
diet) with the remainder originating from FO (Table 
1).  
 

Fish maintenance and Experimental 
Planned European sea bass (Dicentrarchus labrax) 
were obtained from a commercial company in 
Turkey. 300 fishes with an average of 35.2±0.71 g 
for 5 trials with 3 repetitions were stocked in 15 
fiberglass tanks, each with a volume of 400 L 
(n=20). Water temperature and oxygen levels in 
fiberglass tanks were measured daily by oxygen 
meter (Oxyguard). Fish were fed two times a day 
(at 0900 h and 1900 h) by hand according to 
apparent satiation. The fishes, following a feeding 
period, were anaesthetized for 4-5 minutes using 20 
ml/L quinaldine sulphate (Sigma Chemical Co., 
Germany) in bathing method application, weight 
measurements were carried out and were taken to 
examination for antioxidant and hematological 
analyses.  

 
Physiological Indexes. For the visceral fat 

index (VFI) and hepatosomatic index (HSI) 
determinations, 10 fishes from each group were 
taken and the fats surrounding their internal organs 
were removed from their body. For ADE 
determinations only livers were removed from the 
body of the fishes. The VFI and HSI were 
calculated by the formulas; 

VFI (%) = 100× (visceral fat weight (g wet 
weight) / total body weight (g, wet weight). 

HSI = 100× (liver weight (g) / body weight)   
[9]. 

 
Preparation of Liver Homogenates and 

Antioxidant Enzyme Analysis. For liver 
antioxidant enzyme analyses, liver tissue samples 
were homogenized with a Heidolph 50110 R2R0 
homogenizer (Schwabach, Germany). Biochemical 
assays were performed on the supernatant 
preparation in a Sorvall (Minneapolis, MN, USA) 
RC-2B centrifugation of the homogenate at 14,000 

MDA analyses were performed using the prepared 
homogenates.  

SOD, CAT and MDA were measured by 
spectrophotometric methods. SOD (U/mg protein) 
activity was measured according to the method 
described by Fridovich [11]. CAT (U/mg protein) 
and GSH (micromol/mg protein) activity were 
measured by the method of Beutler [12]. MDA 
(nmole/mg protein) level in the tissue samples was 
measured with the TBA [13].  

 
Hematological Assay. Blood samples for 

hematological analysis were taken according to 
Blaxhall and Daisley [14].  Health assessment was 
performed by measuring several haematological 
variables including: erythrocyte (RBC) numbers, 
hematocrit (Hct), hemoglobin (Hb), leukocyte 
(WBC) number and leukocyte types (lymphocyte, 
monocyte and neutrophil). The leukocyte types 
were identified from blood smears and erythrocyte 
indices were calculated as:  

3) = 
(Hct) (%) ÷ RBC (106/mm3) × 10  
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MCH (Mean Corpuscular Hemoglobin) (pg) = 
Hb (g/100 mL) ÷ RBC (106/mm3) × 10  

MCHC (Mean Corpuscular Haemoglobin 
Concentration) = Hb (g/100 mL) ÷ (Hct) (%) × 100 
[15]. 

Total RBC and WBC numbers were 
determined in thoma chamber according to Blaxhall 
and Daisley [14]. Examinations were conducted 
with Olympus BX51 light microscope at 4000x 
magnification. Results were given as x106/mm3 for 
RBC and x103/mm3 for WBC numbers. The Hb was 
determined according to standardized procedure of 
the cyanomethemoglobin method and given as g/dl 
[14]. Microhematocrit technique was benefited to 
determine Hct levels and given as percentage. 
Blood smears were dried in air and stained with 
May Grünwald  Giemsa mixture for determined of 
leukocyte cell types. The results were given as 
percentage [15]. 

 
Statistical Analysis. Comparisons of 

hematological parameters and antioxidant enzyme 
results were conducted using One-way-Anova. 
Duncan multiple comparison test of the one-way 
ANOVA was used to compare the mean 
differences. The differences were considered to be 

 
 
 
RESULTS AND DISCUSSIONS 

  
Compositions, formulations and ratios of 

various feeds are given in Table 1. On the other 
hand, dissolved oxygen, pH and temperature values 
measured in the tanks were 7.0 mg/L, 6.9-7.8 and 
23.2± 0.9°C.  At the end of 120 days feeding 
period, it was determined that the fish reached to 

68.9±1.22 g weights and mortality cases were 
observed in experimental groups during this period.  

 In the recent years, vegetable and animal 
origin raw material sources are the standard used in 
fish feeds in order to reduce cost and to ensure 
continuous healthy development instead of using 
fish meal and fish oil [16]. In the investigation of 
feeding activity and lipid content of feed in terms of 
animal health and product quality, HSI 
(hepatosomatic index) and VFI (visceral fat index) 
are the important parameters that were used in this 
assessment. It was reported that, in the comparison 
between the CSO100 group and other experimental 
groups, the values for liver physiological index and 
VFI which indicate the fat accumulation in the body 
increased significantly, whereas the changes in 
CSO40 was not significant  (p<0.05) (Table 2). HSI 
and VFI are the best indicators for morphological 
changes caused by the growth of the liver 
depending on the quality and ratio of lipid and also 
the fat ratio in the body [17]. 

Vegetable oil such as CSO that is rich 
in18:2n- -oxidation amount is very low and 
this leads retention of lipids in body tissues. In 
general, for marine fish, the liver is the primary 
storage tissue of dietary fatty acids. In the previous 
studies, hepatocyte vacuolation, lipid infiltration, 
hepatic lipid modifications (steatosis) and also 
histological and/or morphological changes were 
reported in liver tissues in different fish species, 
which were fed with n-6 PUFA rich vegetable oils 
[18,19]. In our study, although there were no 
significant differences in the hepatosomatic index 
between the group fed with low levels of CSO and 
FO (control) group, there were significant increases 
in high levels of CSO and these results confirm 
those of the previous studies (Table 2).  

  
 

TABLE 2 
HSI (Hepatosomatic Index), VFI (Visceral Fat Index), CAT (Catalase), SOD (Superoxide Dismutase), 

GSH (Reduced Glutathione) activitiy and MDA (Malondialdehyde) levels of Sea bass. 
 

  
 

  Experimental Diets (g kg air-dry basis-1)1 

     FO CSO 40 CSO 60 CSO 80 CSO 100 
 
 

% 
HSI 

 
1.2±0.06a 

1.3±0.13b 1.7±0.34b 1.5±0.36b 2.0±0.62c 

 VFI 2.0±0.52a 2.7±0.44a 3.3±0.17 b 3.2±0.29 b 3.4±0.38b 
 Antioxidant 

Parameters 
     

 
 

U/mg protein 
CAT 0.081±0.0a 0.065±0.01a 0.071±0.02 a 0.382±0.01b 0.408±0.01b 

 SOD 4.140±0.90a 3.826±1.03a 4.367±0.70 a 4.505±0.67 a 5.362±0.68b 
micromol/mg protein 

 
GSH 0.007±0.00b 0.001±0.00 a 0.003±0.00a 0.003±0.00a 0.042±0.04c 

 nmole/mg protein MDA 2.716±0.58a 2.640±0.65a 2.453±0.45a 3.758±0.60b 4.108±0.52b 
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Oxidative defence system or ADE 
(Antioxidant Defence Enzymes) forms as a result of 
free radicals and various factors (metabolic 
functions, malnutrition, stress). This negative 
factors cause oxidative stress in the cells and 
resulting from imbalance of antioxidants. 
Superoxide dismutase (SOD), Catalase (CAT) and 
Reduced Glutathione (GSH) are some of the 
important enzymatic and non-enzymatic 
antioxidants. These enzymes are important in terms 
of reducing the harmful effects of free radicals on 
living things [20].  

According to the obtained oxidative stress 
results in our study, the antioxidant enzymes,  CAT, 
SOD and non-enzymatic GSH and MDA levels 
increased in CSO80 and CSO100 groups (p<0.05) 
(Table 2). There were no significant changes in 
CSO40 and CSO60 groups regarding these 
paremeters. Feed rich in n-6 PUFA have contents 
that can cause significant changes, which pioneer 
the production of radical oxygen species in lipid 
classes and also in lipid peroxidation. Varghase and 
Oommen (2000), in their study, as a result of 
feeding with different vegetable oil mixtures, found 
that lipid peroxidation and antioxidant enzyme 
(SOD, GPx) levels increased in all experimental 
groups and therefore there were significant 
dysfunctions in cellular metabolism [20]. In our 
study, the group with high levels of CSO, both HSI 
and VFI results indicated the lipid accumulation in 
liver and the body. The increases observed in liver 
antioxidant enzymes, CAT, SOD and GSH, 
associated with lipid accumulation, was evaluated 
as an indicator for body defence meachanism. 

MDA is one of the products and indicators of 
lipid peroxidation caused by free radicals and also 
indicates the level of peroxidation. Lipid 
peroxidation occurs in cell membranes when SOD, 
CAT or GSH enzymes are activated or become 
insufficient. In several studies, there are differences 
observed in GSH, MDA and some antioxidant 
enzyme activities level for the fish exposed to 
different nutritional conditions or xenobiotics [21]. 
Sitja-Bobadilla et al., 2005, determined the effects 
of vegetable sources used as an alternative to fish 
meal on the non-specific defense and oxidative 
stress in sea bream [22]. The researchers 
determined that the vegetable sources used as 100% 
caused steatosis (fat degeneration of liver) in the 
liver and an increase in antioxidant enzyme values, 
also reported that the immunological results verify 
these results [21]. In our study, in high levels of 
CSO, the increases in MDA levels were interpreted 
as an indicator of antioxidant enzyme activities for 
body defense, according to the fat accumulation in 
the internal organs and the HSI results for liver 
tissue. In terms of fish feeding, certain amounts of 
plant oils added to the feed rations as an energy 
resource, play an important role in metabolic 
processes, cell membrane structure activity and 
show resistance against probable stress factors [19]. 
In our study, the hematological effects of CSO 
added in different ratios were justified with health 
indicator parameters. RBC counts, which is an 
important parameter, similar to the ADE results, 
significantly  

 

 
TABLE 3 

RBC (Erythrocyte), Hct (Hematocrit), Hb (Hemoglobin) and MCV, MCH, MCHC ( RBC indices) of sea 
bass. 

 
Hematological 

Parameters 

Experimental Diets (g kg air-dry basis-1)1 

 

 FO CSO40 CSO60 CSO80 CSO100 

RBC 

(x106/mm3) 
1.94±458.16b 1.50±255.17a 1.61±362.5a 2.57±382.83c 2.01±457.44b 

           Hct 

(%) 
27.11±0.76b 27.88±3.32b 27.20±0.84b 24.64±1.17a 25.94±2.48a 

 Hb 

(g/dl) 
6.32±0.51 6.43±0.86 6.27±0.89 6.40±0.69 6.08±0.74 

MCV 
3) 

148.23±44.09b 198,59±40,65c 137.47±48.11b 97.16±14.40a 176.90±43.98c 

MCH 

(pg/cell) 
34.63±10.81a 47,45±16,29b 39,91±5,97b 25.29±4.71a 31.55±7.45a 

 MCHC 

(g/dl) 
23.34± 2.03 23.46± 4.53 23.01± 2.87 26.00± 3.02 23.62± 3.53 

Values are means±SD. Data in the same line with different superscript are significantly different 
(p<0.05). 
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TABLE 4 
WBC (Leukocyte) counts, Lymphocyte, Monocyte and Neutrophil percentages of Sea bass.  

 
Leukocyte 

 Leukocyte 

Types 

Experimental Diets (g kg air-dry basis-1)1 

FO CSO40 CSO60 CSO80 CSO100 

(x103/mm3) 

WBC 

 

 7500.0±2563.41a 6012.5±1090.78a 9687.5±1831.03b 10125.0±2100.17b 10112.5±1980.21b 

(%)      

Lymphocyte 79.5±5.09b 81.5±8.66b 82.0±6.59b 83.75±2.25b 68,3±7,48a 

Monocyte 10.1± 3.31 12.8± 4.12 12.0± 4.62 11.7± 3.73 12.0± 1.85 

Neutrophil 8.2±2.25b 8.2±2.71b 13.7±3.45c 18.7±5.33d 6.62±1.92a 

    Values are means±SD. Data in the same line with different superscript are significantly different (p <0.05). 

 
increased in CSO80 and CSO100 groups. Hct, 
MCV and MCH counts were the lowest among the 
results for the same group of fish (p<0.05) (Table 
3). There were no significant differences for Hb and 
MCHC counts for all experiment groups (p>0.05). 
The differences between WBC results were 
compatible the changes in ADE and RBC counts 
(Table 3). The erythrocyte count in organisms 
broadly associated with the amount of oxygen level 
in tissues. When the oxygen level decreases, 
erythropoietic organs and tissues spring into action 
to balance the condition. In the present study, the 
increase in HSI and VFI levels might reflect the 
oxygen consumption induced by caused oxidative 
stress as an indicator of the fat accumulation in the 
body compartments. Therefore, this deposition 
triggers oxygen consumption in the tissues induced 
by oxidative stress. The increase in RBC values 
were interpreted as a reaction, to overcome the 
oxidative stress occurred as a result of the 
exposition of the body to the high levels of fatty 
acids especially PUFAs.  

 In one study, negative and positive 
correlations investigated between hematological 
parameters and the highest positive correlation was 
for Hb-Hct, RBC-MCV and MCHC-RBC in 
healthy fish. A negative correlation was found 
between MCH-WBC and MCH-MCHC [23]. In our 
study, positive and negative relationships regarding 
erythrocyte indexes determined hematological 
parameters in healthy sea bass were compatible 
with those of the previous studies.  

 Due to the types of plant oils and levels, the 
presence of pathogens in the environment, fish 
species, pathogen resistance, feed rations, 
behaviours, interactions with other fish, feeding 
time and environmental conditions cause stress in 
fish, thus resulting in a change in immune system 
and blood values (6). Studies conducted with 
alternative plant fish resources indicate that oil 
resources affect some immunological and 

hematological parameters and health variation for 
marine fish [2, 5, 6, 7]. Lymphocytes are of the 
hematological paremeters that form the basis of the 
immune defence system of animals and antibody 
producing cells. Fluctuations in lymphocyte and 
neuthrophil levels also increase in response to stress 
[24]. According to the results of the study, 
hematological parameters as lymphocyte and 
neutrophil cells in the non-specific cellular system 
showed sudden significant increase in CSO80. On 
the other hand, WBC counts increased significantly 
in CSO80 and CSO100 groups. Monocyte cell 
amounts showed no significant differences for all 
experiment groups (p>0.05) (Table 4). 

  Sitja-Bobadilla et al., 2005, evaluated the 
oxidative stress effects of vegetable oil sources with 
immunological and antioxidant enzymes. The 
researchers emphasized that feed with high PUFA 
content caused damage in fish tissue, and the 
increase in leukocyte cells and antioxidant system 
were the stress indicators of the body [22]. The 
researchers also observed that different ratios of 
vegetable oils, due to oxidative stress, caused 
similar responses in antioxidant enzymes and 
hematological parameters. These responses verify 
the results of our study.  

 In growth studies conducted using vegetable 
oils, it was reported that low levels of vegetable oils 
caused no significant differences in terms of growth 
compared to fish oil and no negative effects were 
observed on health [3, 8]. In our study, the high 
levels of CSO caused some problems in fish 
regarding oxidative stress and hematological 
parameters. Using 80% and 100% CSO as an 
alternative to fish oil, due to hepato somatic and 
visceral steatosis, caused oxidative stress and 
therefore an increase in stress indicator antioxidant 
parameters (CAT, SOD, GSH and MDA). The 
increase in enzymes in order to overcome the stress 
that caused an increase in defense activities similar 
to that in hematological parameters. 
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 It was concluded that vegetable oil source 
cottonseed was an economic feed additive, which 
can easily be supplied. Using 40-60% doses caused 
no health problems in fish and lipid balance, 
overdosing, fish size and nutritional needs were 
important factors to consider.  
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ABSTRACT 

 
The surface-modified activated carbon fibers 

(ACFs) with rich nitrogen-containing functional 
groups were prepared by heat-treatment of 
urea-loaded ACFs. Their nitrogen content, the 
surface property and the porosity were examined by 
element analysis, XPS, TGA and low temperature 
N2 adsorption, and their SO2 removal performances 
were comparatively tested with the pristine ACF 
and the ACF merely heat-treated without 
urea-loading (ACF-H). The results revealed that the 
total nitrogen content of the surface-modified ACFs 
was much higher than that of the pristine ACFs. In 
particular, the content of pyridine nitrogen was 
found to be increased about 4.4 times. The specific 
surface area and the pore volume of the 
surface-modified sample were larger than those of 
the pristine ACF but smaller than those of the 
ACF-H. However, the surface-modified ACF 
exhibited a much improved SO2 removal activity. 
Its breakthrough SO2 capacity and SO2 removal 
efficiency at the stable stage of the desulfurization 
process increased 3.0 and 1.64 times, respectively, 
as compared with the ACF-H. The 
nitrogen-containing groups, particularly for the 
pyridinic nitrogen, rather than the developed pore 
structure should account for the excellent 
desulfurization activity of the surface-modified 
ACFs. 
 

 

KEYWORDS:  

Activated carbon fibers; Nitrogen-containing groups; SO2; 

Flue gas desulfurization; Urea  

 

 

INTRODUCTION 

 
Due to technical and economic reasons, severe 

environmental problems caused by sulfur dioxide 
pollution are not expected to be satisfactorily 
solved in the near future in the world especially in 
developing countries [1, 2]. Although some 
commercial flue gas desulfurization technologies 
were successfully applied worldwide, some of them 
even produce secondary pollutants. For example, 
the popular Ca-based SO2 removal technologies 
produce low quality gypsum, which is difficult to 
be used or disposed. Sustainable development calls 
for breakthroughs in flue gas desulfurization 
technologies that are economically attractive and 
sulfur-recoverable.  

  Desulfurization using carbon-based 
materials (activated carbon, activated coke and 
activated carbon fibers) is an alternative, which can 
recover sulfur as SO2 or diluted liquid H2SO4. The 
MET-Mitsui-BF process using coal-derived 
activated coke is a good example and has been 
practiced on industrial scales for more than two 
decades [3]. To make this process more efficient, 
researches on the preparation and modification of 
activated coke have been carried out to improve the 
desulfurization ability of activated coke [4, 5]. 

Compared with activated carbon or activated 
coke, ACF is considered to be more effective for 
gas adsorption due to its high specific surface area 
and narrow pore distribution (<2 nm). In addition, 
the openings of the nanopores are located on the 
external surface of the carbon material. Gas 
molecules could easily access to the adsorption 
sites in the nanopores without passing through 
macropores and mesopores, leading to a rapid 
adsorption and desorption.  

Researches on desulfurization using ACFs 
were carried out early in 1994 [6, 7]. The SO2 
removal performance of ACFs is quite different 
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with activated carbon or activated coke. After a 
period of 100% SO2 removal, the desulfurization 
efficiency decreases quickly and then reaches a 
stable period again. The SO2-removal rate of 
pristine ACF at the second plateau is too low to be 
utilized. If the SO2 removal rate at the second 
plateau can be effectively improved, the 
desulfurization process using ACFs would proceed 
continuously like catalysis. However, this appears 
to have received little or no attention [7]. Therefore, 
the effort toward this aim is meaningful to the 
practical application of this technology. 

 The desulfurization activity of ACFs depends 
on both the porous structure (including specific 
surface area, pore volume, and pore size 
distribution) and the surface functional groups. An 
effective method to improve the SO2 removal 
activity of ACFs is to increase the N-containing 
surface groups. Research on the N-containing 
surface modification of carbon materials for various 
applications has been an active topic. Usually three 
methods can be used to introduce N-containing 
groups onto the surface of ACFs: (a) carbonization 
and activation of N-containing precursor [8], (b) 
heat treatment of ACFs under NH3 atmosphere [9, 
10], and (c) heat treatment of ACFs impregnated 
with N-containing compounds [11, 12].  

Although previous studies showed the 
effectiveness of N-modification of ACFs for 
various purposes, the nature of the 
nitrogen-containing groups responsible for the 
improvement of the catalytic activity towards SO2 
oxidation has not been deeply understood. Usually, 
different nitrogen-containing groups, such as 
pyridinic- and pyrolic-nitrogen were simultaneously 
found using the above mentioned preparation 
methods. However, which kind of nitrogen group 
contributes most to the enhanced catalytic activity 
is not yet clear [13, 14]. Additionally, some of the 
methods mentioned in the literature modified not 
only the surface chemistry but also the porous 
texture with the incorporation of nitrogen to carbon 
surfaces [15], which complexes the determination 
of the influence from the N-species on the catalytic 
activity. 

In the present study, the nitrogen-containing 
activated carbon fibers were prepared by a 
heat-treatment of urea-impregnated ACFs. The SO2 
removal activity was comparatively tested with the 
pristine ACFs. The SO2 removal rate at the second 
plateau of ACFs with surface-modification was 
dramatically enhanced. The surface chemistry and 
the porous structure of ACFs were determined by 
the XPS and low-temperature N2 adsorption, 
respectively. The pyridinic nitrogen was clearly 
found to be mainly responsible for the enhancement 
of catalytic activity. 

 

EXPERIMENTAL SECTION 

 
Sample preparation. All samples used in this 

study were derived from commercial viscose-based 
activated carbon fibers. Pristine ACFs (designated 
as ACF) was oxidized with 30% HNO3 solution for 
4 h at 60 °C. The samples were filtrated and washed 
with distilled water until the pH of the filtrate 
became neutral. The washed ACF was then dried in 
air at 110 °C for 12 h. Subsequently, 10 g oxidized 
ACFs were impregnated in 140 ml urea solution 
with the concentration of 1.2, 2.4 and 3.6 mol/L for 
24 h. The samples were dried at the temperature of 
60 °C for 12 h, then 110°C for 12 h. Finally, the 
urea-impregnated ACFs were heat-treated at 750 °C 
for 1h under a high-purity nitrogen (99.99%) 
atmosphere. The temperature was raised from room 
temperature to 750 °C at a ramp rate of 5 K/min. 
The obtained samples were designated as 
ACF-N1.2, ACF-N2.4, and ACF-N3.6, where 1.2, 
2.4, and 3.6 represents the urea concentration of the 
impregnation solution.  

For comparison, the oxidized ACFs without 
impregnating urea, designated as ACF-H, were also 
prepared by the same heat treatment mentioned 
above. 

 
Sample characterization. The content of 

carbon, nitrogen, and hydrogen of the samples was 
determined using an ERBA 1106 (CARLO, Italy) 
elemental analyzer. The oxygen content was 
estimated as the difference between 100% and the 
combined contents of C, N and H.  

The XPS measurements were performed on 
XSAM800 (KRATOS, UK) using monochromated 
Al Ka (energy 1486.16 eV) excitation source, 
working at 12kV×12mA. The pressure of the 
analysis chamber was maintained at 5×10-7Pa. The 
C, O and N envelopes were curve fitted using 
Handbook of X-ray photelectron spectroscopy 
(Chastain J, 1992). 

Thermogravimetric measurements were 
carried out on a XDT Q600 Thermal Analyzer. The 
temperature was increased from room temperature 
to 1000 °C with a ramp rate of 5°C /min under a N2 

flow of 100 ml/min.  
Nitrogen adsorption-desorption isotherms of 

the samples were measured using an ASAP 2020 
(Micromeritics Instruments Co.) instrument at 

196 °C. Prior to each measurement, samples were 
pretreated at 200 °C under vacuum for 4 h. The 
specific surface area (SBET) was calculated from the 
Brunauer-Emmett-Teller (BET) equation. The total 
pore volume (Vtotal) was approximated from the 
adsorption amount at P/P0=0.95. The microporous 
volume (Vmicro) was calculated from the 
Dubinin-Radushkevitch (D-R) equation and the 
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mesoporous volume (Vmeso) was obtained from 
the difference between Vtotal and Vmicro. 

 
SO2 removal activity. Tests on the 

SO2-removal activity of the samples were carried 
out in a fix-bed tubular glass reactor with a 
diameter of 28 mm. 5g sample was cut into wafer 
shape with a diameter of 28 mm and packed into 
the reactor. The simulated flue gas consisted of 
3000 ppm SO2, 5% O2 , 10% H2O, and the balance 
N2. The total flow rate, the gas space velocity (SV), 
and the reaction temperature was kept at 900 
mL/min, 600 h 1 and 80 , respectively. To 
determine the outlet SO2 concentration, the 
continuous gas flow passed through a H2O2 solution 
(3%) after the reactor, and the formed H2SO4 was 
titrated with NaOH solution (0.1 mol/L), using 
bromcresol green and methyl red as an indicator 
[16]. The breakthrough SO2 removal capacity was 
calculated through the cumulative amount of the 
removed SO2 per unit mass of the sample, when the 
outlet SO2 concentration reached 75ppm (200  
mg/m3). 
 
 

RESULTS AND DISCUSSION 

 
Elemental composition. The elemental 

composition of all samples obtained by the 
elemental analysis is presented in Table 1. The 
surface-modified samples display a very different 
composition compared to the pristine ACF. 
Modification of activated carbon fibers by heat 
treatment with urea (ACF-N1.2, ACF-N2.4, 
ACF-N3.6) produced nitrogen-rich carbons, which 
have much higher nitrogen content. The pristine 
ACF contains 1.25 wt% of nitrogen, which was 
probably derived from its precursor. With the 
increase of the urea concentration, the nitrogen 
content of the surface-modified ACF increased and 

the ACF-N3.6 displayed the highest content of 5.30 
wt%. The nitrogen content of ACF-H also increased 
to 4.21 wt%. The increase in the nitrogen content of 
the modified samples should be attributed to the 
decomposition of the oxygen-containing groups on 
the surface of ACFs [17]. 

The oxygen content of all the heat-treated 
samples (ACF-N1.2, ACF-N2.4, ACF-N3.6, and 
ACF-H) is significantly lower than that of the 
pristine ACF. ACF-N2.4 contains the lowest oxygen 
content (15.49 wt%) and the 
lowest O/C ratio (0.20). The urea paralysis  
process produces nitrogen-containing active 
substances, such as NH2

+, NH2+, et al [18-19]. On 
the other hand, the thermal decomposition of 
oxygen-containing groups on the oxidized ACFs 
through heat-treatment may produce active sites, 
where the nitrogen-containing groups can be easily 
introduced. The ACF-N2.4 contains the lowest 
oxygen content and relatively high nitrogen content, 
indicating effective formation of 
nitrogen-containing groups on the surface of ACF. 
This would contribute to the improvement of 
SO2-removal activity, as will be discussed later. 

 
XPS spectra. Figure 1 shows the XPS spectra 

of ACF and ACF-N2.4, together with the bonding 
configurations of the N-containing functional 
groups on carbon materials. The asymmetric C 1s 
spectra of the ACF and ACF-N2.4 (Fig. 1(a)) can be 
fitted primarily as four peaks centered at 284.5, 
285.7, 287.1 and 289.1eV, respectively. In detail, 
the peak at 284.5eV, corresponding to the energy of 
the sp2 C=C bond in the C1s spectrum of pyrolytic 
graphite, proves the graphitic carbon. The peak at 
285.7 eV could be assigned to C O C or C OH 
bonds. Two other peaks appeared at 287.1 and 
289.7 eV could be assigned to COOH bonds and 
CO2, respectively

 
 

 

TABLE 1 
Elemental analysis of the pristine ACF and the modified ACFs. 

 

Sample 
Elemental analysis (wt%) 

N C H O  N/C O/C 

ACF 1.25 68.77 0.90 29.08 0.02 0.42 

ACF-N1.2 3.89 70.83 0.90 24.39 0.05 0.34 

ACF-N2.4 4.28 79.42 0.82 15.49 0.05 0.20 

ACF-N3.6 5.30 72.11 1.54 21.06 0.07 0.29 

ACF-H 4.21 68.98 0.70 26.12 0.06 0.38 

 
 

 [20, 21]
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FIGURE 1 

XPS spectra:(a) N 1s; (b) O 1s; (c) C 1s and (d) Bonding configurations for N-containing functional 
groups in carbon materials. 

 

The XPS N1s spectra of ACF and ACF-N2.4 
are presented in Fig.1(c). The nitrogen contents of 
ACF and ACF-N2.4 calculated from the area of the 
peak are 1.51 wt% and 3.58 wt%, respectively, in 
agree with the element analysis results. Nitrogen 
atoms can be incorporated into the graphene sheets 
to form pyridinic, pyrolic, and graphitic nitrogen, 
their C-N bonding configurations are illustrated in 
Fig.1(d) [22]. The XPS N1s peak of ACF and 
ACF-N2.4 were fitted by three components with the 
binding energy of 398.5 0.2, 400.5 0.2 and 402

0.2 ev, which are assigned to pyridinic 
nitrogen(N-6), pyrrolic nitrogen(N-5), and 
quaternary nitrogen or protonated pyridinic 
nitrogen (N-Q), respectively [23-25].   

Owing to a lone electron pair in the plane of 
N-6 ring, sulfur dioxide may react more easily with 
pyridinic nitrogen to form sulphuric acid than 
pyrrolic nitrogen does [26]. It is interesting to note 
that the content of pyridinic nitrogen of ACF-N2.4 
is much higher than that of ACF. The relative 
intensity of pyridinic nitrogen of ACF-N2.4 and 
ACF is 51.39% and 27.54%, respectively. 
Furthermore, if calculated by the product of the 
relative intensity and the total nitrogen content, the 
content of pyridinic nitrogen of ACF-N2.4 is 1.84 

wt%, about 4.4 times that of ACF (0.42 wt%). On 
the other hand, the content of pyrrolic nitrogen of 
ACF-N2.4 is 1.06 wt%, not significantly different 
from that of ACF (0.77 wt%). These results indicate 
that the proposed nitrogen modification process by 
heat-treatment of the urea-impregnated ACF largely 
produced pyridinic nitrogen rather than pyrrolic 
nitrogen. 

 
Thermal analysis. The weight loss curves of 

ACF, ACF-N2.4, and the pure urea are shown in 
Figure. 2. The TGA curves of ACF and ACF-N2.4 
show three stages of weight losses. The weigh 
losses at the first stage (below 100°C) for ACF and 
ACF-N2.4 are of 25.5 % and 13.3%, respectively, 
owing to the release of water. At the second stage 
(100 to 800°C), the weigh losses are caused by the 
decomposition of oxygen-containing groups, 
including carboxyl groups, phenolic hydroxyl, ether, 
carbonyl, and quinone into CO and CO2 [27]. At 
this stage, the weight losses of ACF and ACF-N2.4 
are 14% and 3.4%, respectively. At the last stage 
(above 800°C), carbon matrix begins to graphitize 
and the porous structure is gradually destroyed [28]. 
At both the first and second stages, the weight loss 
of ACF-N2.4 is much smaller than that of ACF. 
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FIGURE 2 

TGA profiles of (a) ACF, (b) ACF-N2.4, and (c) pure urea 
 

(NH2)2
+

4NCO- 3(g) + HNCO(g)       (1)  
NH3 2O(g) + H2             (2) 
HNCO(g) + H2 2(g) + NH3(g)                (3) 

 
Urea begins to decompose at its melting 

point of 132 °C. According to the TGA profile, 
the thermolysis of urea also contains three 
stages (125-250°C, 250-350°C, and 
350-430°C), showing a weight loss of 65%, 
31%, and 4%, respectively. When the 
temperature increased to about 430°C, urea 
decomposed completely. The thermolysis of 
urea produces ammonia (NH3), isocyanic acid 
(HNCO), cyanamide (H2NC N), carbon 
dioxide and water, according to the following 
reactions[29-31]. The nitrogen-containing 
groups on ACF-N2.4 are probably formed by 
the reaction of ammonia, isocyanic acid and/or 
cyanamide and the carbon surface.  
 

N2 adsorption-desorption isotherms at 
77 K. The nitrogen adsorption-desorption 
isotherms of ACF, ACF-H, and ACF-N2.4 are 
shown in Fig. 3. These samples exhibit the 
type isotherm, which is typical of a sharp rise 
at the low-pressure range and a plateau at the 
high-pressure range, according to the IUPAC 
classification [32], indicating the microporous 
nature of the ACFs [33]. Table 2 summarizes 
the specific surface area (SBET), the total pore 
volume (Vtotal), the microporous volume 
(Vmicro), and the mesoporous volume (Vmeso) of 
the pristine and the treated ACF samples. The 
SBET, Vtotal and Vmicro values of ACF-H 1600 
m2/g, 0.73 ml/g and 0.65 ml/g, respectively) 
are obviously higher than that of ACF (1196 
m2/g, 0.57 ml/g, and 0.51 ml/g, respectively). 
This result indicated that the pre-oxidation 
with HNO3 followed by a heat-treatment 
promotes the development of the microporous 

structure of ACF. In the case of ACF-N2.4, its 
corresponding structural parameters (1571 
m2/g, 0.70 ml/g, and 0.63 ml/g, respectively) 
are slightly smaller than those of ACF-H but 
larger than those of ACF, suggesting that the 
urea treatment shows little adverse effect on 
the pore structure. The less developed pore 
structure of ACF-N2.4 is possibly due to the 
blocking effect of nitrogen atoms [34-35].  

FIGURE 3 
N2 adsorption-desorption isotherms of 

(a) ACF, (b) ACF-H, and (c) ACF-N2.4. The 
solid and open symbols represent the 
adsorption and desorption branches, 

respectively. 
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TABLE 2 
Structural parameters of ACF, ACF-H, and ACF-N2.4. 

 

Sample 
SBET 
(m2/g) 

VTotal 

(ml/g) 
Vmicro 
(ml/g) 

Vmeso 
(ml/g) 

ACF 1196 0.57 0.51 0.06 
ACF-H 1600 0.73 0.65 0.08 
ACF-N2.4 1571 0.70 0.63 0.07 
 

Evaluation of the SO2-removal activity. 
The time courses about the SO2 removal rate of 
the samples are shown in Fig. 4. The SO2 
removal performances of all the five samples 
show similar patterns. The curves show a 
plateau with 100% SO2 removal at the 
beginning of the desulfurization process. After 
a quick decrease, there is another plateau with 
lower SO2 removal rate. 

Compared with ACF, ACF-H shows a 
dramatic enhancement in the desulfurization 
activity. For ACF, a 100% SO2-removal ability 
lasts only 0.1h. However, in the case of 
ACF-H, the time for maintaining 100% SO2 

removal prolonged to 1h. The SO2-removal 
breakthrough capacity of ACF-H is 75.8mg/g, 
which is much higher than that of ACF 
(15.5mg/g). Meanwhile, the SO2 removal rate 
in the second plateau increased from 21.2% to 
35.7%. 

The desulfurization activity of ACF was 
further improved by heat-treatment with urea, 
as demonstrated by ACF-N1.2, ACF-N2.4 and 
ACF-N3.6. These samples all show a 
prolonged time of maintaining 100% 
SO2-removal and a dramatically increased 
removal rate at the second plateau, compared 
with ACF and ACF-H. Particularly for 
ACF-N2.4, the 100% SO2-removal lasts 2.6 h. 
Its SO2-removal breakthrough capacity reaches 
to 230.7 mg/g, which is 15 and 3 times of ACF 
and ACF-H, respectively. Furthermore, the SO2 
removal rate of ACF-N2.4 at the second 
plateau increases to 58.4%, which is 2.8 and 
1.6 times that of ACF and ACF-H, 
respectively.  

It is worthy to note that both the 
SO2-removal breakthrough capacity and the 
SO2-removal rate at the second plateau are 
very important. A dramatic increase in the 
SO2-removal rate at the second plateau like 
exhibited by ACF-N2.4 is very desirable for 
practical applications. The catalytic oxidation 
removal of SO2 using ACF experience the 
following processes: (1) SO2 is adsorbed on 
the internal surface of ACF; (2) SO2 is 
oxidized by O2 into SO3, and SO3 further reacts 

with H2O into H2SO4, which condenses within 
the pores of ACF; (3) H2SO4 releases from the 
pores by the wash of excess H2O, the active 
sites of the SO2 adsorption and catalytic 
oxidation ability are recovered [7]. Thus, a 
new cycle of SO2 adsorption starts again. The 
recovery of the active sites makes the 
operation of a continuous SO2 removal 
possible. With the easy release of the 
by-product H2SO4 from the pores, the active 
sites of ACFs can be effectively recovered. 
Therefore, the desulfurization process could be 
changed from interval operations by using 
adsorbents like activated coke to a continuous 
one by using ACFs as a catalyst, as mentioned 
before.  

FIGURE 4 
Time courses of SO2 removal 

performance of (a) ACF; (b) ACF-H, (c) 
ACF-N1.2, (d) ACF-N2.4, and (e) ACF-N3.6. 

 
In addition, although ACF-N2.4 exhibited 

a slightly poor porous structure in comparison 
with ACF-H, it showed a dramatically 
improved desulfurization activity. The result 
suggests that the nitrogen-containing groups 
(particularly for the pyridinic nitrogen) rather 
than the developed pore structure primarily 
contributes to the improved desulfurization 
activity.  
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CONCLUSIONS 
 
The surface modification of ACF with rich 

nitrogen-containing functional groups was achieved 
by the heat-treatment of urea loaded ACF at 750°C 
under inert atmosphere. Nitrogen-containing groups 
were successfully introduced onto the surface of 
ACF, as demonstrated by element analysis and XPS. 
Pyridinic nitrogen was the main 
nitrogen-containing group on ACF-N2.4 under the 
conditions of this research. Compared with ACF 
and ACF-H, the SO2 breakthrough capacity and the 
desulfurization efficiency of ACF-N2.4 are 
dramatically enhanced. The observed enhancement 
in the desulfurization activity should be attributed 
to the nitrogen-containing groups rather than the 
physical pore structure. From a practical 
perspective, it is meaningful to improve as high as 
possible the SO2-removal efficiency of ACFs at the 
second plateau, as this would make the 
desulfurization process to proceed continuously like 
catalysis. The observation of a great increase in the 
desulfurization efficiency at the second plateau 
suggests a possible route to this aim through surface 
modification of ACF.  
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ABSTRACT 

 
Field experiments on the influence of damp 

water steam as a thermal control for weeds and 
foliar fungal diseases of sugar beet crop were 
carried out in the Rumokai experimental station of 
Lithuanian Research Center for Agriculture and 
Forestry in 2012-2013. The investigation followed  
the scheme: 1) sugar beets were sprayed with 
herbicides Betanal Expert 1,0 l ha-1 + Goltix 1,0 l 
ha-1, Betanal Expert 1,25 l ha-1, Betanal Expert 1,25 
l ha-1 + Nortron 0,3 l ha-1 for three times during 
vegetation; 2) weed control was carried out for 2 
times during sugar beets vegetation using damp 
water steam; 3) weed control was carried out for 3 
times during sugar beets vegetation using damp 
water steam, the remaining weeds among the plants 
were removed manually; 4) weed control was 
carried out for three times during sugar beet 
vegetation applying damp water steam.  

The best result was obtained combining damp 
water steam application for three times and manual 
weed removal during sugar beets vegetation. This 
method was the most effective in reducing air-dry 
mass of weeds as well. In the case when water 
steam was applied for 2 times the amount of weeds 
and air-dry mass was almost the same as using 
chemical weed control, thus, seeking to reduce 
environmental pollution, herbicides in sugar beet 
crop protection can be replaced by damp water 
steam using protection means such as covers or soil 
beds in order to prevent the crop from the steam.  

Dump water steam reduced the development 
of fungal diseases in sugar beet crop. After the 
treatment of sugar beet crop with wet water steam 
for 3 times the severity of Cercospora and 
Ramularia leaf spots as well as powdery mildew in 
the end of September were 58.8  78.9 % , 51.7  
52.0 % and 70.8  77.6 % less than in the 
chemically treated plots.  

 
 

KEYWORDS:  
damp water steam, sugar beets, weeds, foliar fungal 
diseases 

 
 

INTRODUCTION 
 
Traditional agriculture using intense 

technologies and constantly increasing production 
by all means makes a negative impact not only to 
the nature but for humanity as well. The intense 
usage of chemical preparations caused the 
ecological problems [1, 2, 3], therefore the 
alternative agriculture ways are very relevant at this 
point. Ecological agriculture is an alternative that 
aids to solve not only ecological but economical, 
social as well as cultural problems.  

The main problem in ecological farming is the 
battle against weeds [4, 5]. The weeds affects the 
amount and quality of yield. The significance of 
ecological weeds removal is growing together with 
the increase of ecologically clean products demand. 
Mechanical weed control is now widely used along 
ecological farms [6, 7, 8]. Thermal weed control is 
the other method used quite widely. Not only weeds 
are affected applying thermal method, but the pests, 
pathogen microorganisms and plant disease causing 
agents as well. Various thermal control ways are 
used in different countries ecological farms 
including gas burning [9], hot foam [10], hot water 
[11], damp water steam [12, 13]. 

Sugar beets are one of the most sensitive 
plants choked by weeds, because their early stage 
growth is slow and they can't compete with 
copiously germinating weeds. The weeds can 
reduce sugar beets yield by 26-100 % [14, 15]. In 
order to have clean crop, the sugar beet breeders 
uses chemical control several times during the plant 
vegetation. Thus not only the damage to the 
environment is caused but the resistance to 
herbicides is increased as well. The usage of 
alternative weed control could reduce these 
problems. 

Other important problem in sugar beets crop is 
foliar fungal diseases. The average loss of sugar 
beets yield caused by foliar fungal diseases 
comprises 30 %, while under favorable conditions 
may reach 50 % and more [16]. The greatest 
damage to sugar beets crop in Lithuania is caused 
by Cercospora leaf spots (Cercospora beticola 
Sacc.) and Ramularia leaf spots (Ramularia 
beticola Fautrey & F. Lamb.) [17]. Powdery 
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mildew (Erysiphe betae Vanha Weltzien) is spread 
when the difference between day and night 
temperatures is big and copious dew is formed on 
the leaves. Powdery mildew spreads very fast under 
favorable conditions, thus the fungicides must be 
used after noticing first symptoms [18]. 

 
The aim of the work was to determine the 

influence of damp water steam as a thermal control 
to weeds and foliar fungal diseases in sugar beets 
crop.  

 
 

MATERIALS AND METHODS 
 
Field experiments were carried out in the 

Rumokai experimental station of Lithuanian 
Research Center for Agriculture and Forestry in 
2012-2013. The experiments were carnied out on a 
Haplic Epihypogleyic Luvisol  Idg8 p, 
granulometric composition was clay loam. 

and preceding crop was winter wheat. Sugar beets 
were sowed in the second half of April. The crops 
were sowed using seeding-

-7 encrusted seed lines 
per linear meter, the space between rows being 45 
cm width. Sugar beets were grown according to 
technology recommended by the Lithuanian 
Institute of Agriculture [19]. The trial was arranged 
in 4 repetitions, were the sugar beets arrangement 
was systemic. The whole field area was 12 m x 2.7 
m = 32.4 m2 (6 lines, 12 m long), the estimation 
area was 18 m2. 

The investigation scheme was as follows:  
First variant. The sugar beets were chemically 

treated with herbicides Betanal Expert (active 
ingredients: phenmedipham 91 g l-1, desmedipham 
71 g l-1, ethofumesate 112 g l-1; dosage 1,00 lha-1 ) 
+ Goltix (active ingredient metamitron 700 g l-1, 
dosage 1,00 l ha-1); Betanal Expert (dosage 1,25 l 
ha-1); Betanal Expert (dosage 1,25 l ha-1) + Nortron 
(active ingredient ethofumesate 500 g l-1; dosage 
0,3 l ha-1) for 3 times during vegetation. 

Second variant. The weed control for the first 
time was carried out by treatment with damp water 
steam in 5-6 days after sowing, when weeds are in 
the cotyledons stage. The treatment with damp 
water steam was continuous, the seeds of sugar beet 
were not germinated yet. The second treatment with 
damp water steam was carried out when weeds 
germinated repeatedly. This weed control was 
arranged covering the sugar beets for protection.  

Third variant. Weed control was carried out 
using damp water steam for 3 times during 
vegetation period. Thermal weed control was 
carried out in profiled crop. The first time treatment 
was continuous, because the sugar beets were not 

germinated yet. The second ant the third time 
treatment was carried out in the space between 
rows, the weeds among sugar beets seedlings were 
removed manually.  

Forth variant. The weeds were controlled 
thermally by treating with damp water steam for 3 
times during the vegetation. The first time treatment 
was continuous in the profiled crop. The second 
and the third time treatment was carried out in the 
space between rows with sugar beets being 
unprotected from damp water steam influence. The 
remaining weeds among plants were not removed 
manually.  

The weeds were counted before every spread 
and after 3 days in four 0.25 m2 areas of each field. 
The quantity and air-dried mass of weeds was 
evaluated in all variations in the first decade of 
July. 

Foliar diseases were diagnosed 2 times: in the 
first decade of August and in the third decade of 
September (before harvesting). While estimating 
the visual evaluation of affected leaves area in 
percents was carried out.  

The intensity of foliar diseases were calculated 
using equation [20]: 

 
        (a b)      
R =               ; 
          N 
were  (a b) is the sum of product of foliar 

disease affect in percent (a) and affected leaves 
quantity in corresponding percentage group; N is 
the whole number of inspected leaves. 

The data were statistically estimated using 
software ANOVA [21].  

 
Meteorological conditions. The average day 

temperature in April was +7.9°C, it is close to 
standard climate normal (SCN) (Table 1). 
Nevertheless the temperature distribution was very 
uneven: the first decade was cold (+2.0°C), the 
second was close to SCN, the significant thaw set 
only in 27th-30th of April; the average temperature 
was +18.7°C. The precipitation exceeded SCN for 2 
times in the first two decades (57 mm of rainfall 
occurred). Because of cool weather and copious 
precipitation the drying of soil was poor, the 
sowing of sugar beets was late for 1 week in 
comparison with the year before. Unusually warm 
weather after the sowing was favorable for the 
sugar beets germination. 

The weather of May was very changeable, the 
average day temperature reached +18-21°C and 
dropped to +8-9 °C for several times. Besides, the 
period of late frosts was long, the 44.4 mm of 
rainfall occurred, while SCN was 51.0 mm. The 
first decade of June was significantly cooler 
(+12.8°C) in comparison with SCN (+15.2°C). 
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TABLE 1 
Average daily air temperature and amount of precipitation during sugar beet growing 

Kybartai Weather Station. 
 
Month Decade Temperature ºC Amount of precipitation mm 
  2012 2013 Normal (1961-

1990) 
2012 2013 Normal (1961-

1990) 
April I 2,0 -0,4 4,8 20,6 35,8 13,0 
 II 7,8 8,5 5,8 30,1 7,4 14,0 
 III 13,8 9,1 7,9 3,6 4,4 17 
 per month 7,9 5,7 6,2 54,3 47,6 44,0 
May I 12,6 14,4 10,9 10,7 1,2 16,0 
 II 12,3 16,7 12,8 22,9 11,0 17,0 
 III 15,8 15,1 13,4 10,8 45,3 18,0 
 per month 13,6 15,4 12,4 44,4 57,5 51,0 
June I 12,8 18,1 15,2 22,0 76,0 16,0 
 II 16,3 17,2 15,4 26,8 3,3 19,0 
 III 15,7 18,0 16,4 49,0 17,9 25,0 
 per month 14,9 17,8 15,4 97,8 97,2 60,0 
July I 21,1 18,5 16,4 61,3 15,6 22,0 
 II 16,6 17,6 16,9 45,4 40,6 25,0 
 III 20,3 19,0 17,3 11,7 5,5 29,0 
 per month 19,3 18,4 16,9 118,4 61,7 76,0 
August I 18,5 21,0 17,6 27,3 32,8 25,0 
 II 16,0 18,1 16,5 5,7 11,8 26,0 
 III 15,8 15,1 15,3 13,2 8,6 28,0 
 per month 16,8 18,1 16,5 46,2 53,2 79,0 
September I 14,1 13,6 14,4 12,3 17,9 20,0 
 II 13,5 16,9 12,3 16,5 88,5 23,0 
 III 12,2 8,5 10,6 30,3 23,2 20,0 
 per month 13,3 12,0 12,4 59,1 129,4 63,0 
 
 
The cold nights slowed down the growth of the 
plants significantly. The second decade of June was 
warmer and the temperature was closer to SCN. 
The precipitation of 97.8 mm occurred in June 
(SCN is 60.0 mm) and the distribution of it was 
very uneven; in the 11th of June 18.8 mm rainfall 
occurred while in the 22nd of June the precipitation 
reached as much as 29.5 mm. In the month of July 
warm and wet weather promoted foliar diseases 
expansion. The temperature in August was close to 
SCN, the precipitation was 46.2 mm, but due to 
high humidity and gloomy days (the sun was 
shining only 30.12 h in the second decade of July) 
the plants didn't experienced the lack of humidity. 
The weather of September was favorable for raising 
sugar beets; the average day temperature was close 
to SCN, without significant fluctuations, the 
quantity of precipitation was close to SCN.  

The average day temperature of April in 2013 
was +5.7 °C, close to SCN. The distribution of 
temperature was not even: the 1st decade was cold (-
0.4 °C), the 2nd and 3rd decades were warmer, 
average day temperatures were 8.5 and 9.1 °C, 
respectively. The precipitation of the month was 
close to SCN, although all precipitation (35.8 mm) 
occurred in the 1st decade. The drying of soil was 
poor because of the cool weather and the sowing of 

summer plants was started 2-3 days later than the 
year before. Because of enough precipitation and 
warm weather in May the germination and 
development of plants was promoted. Copious rain 
occurred in the 1st decade of June (37.2 mm of 
precipitation occurred in the 2nd of June) and the 
plants in lower areas soaked. Warm and sunny days 
of July and August were favorable for root-crop 
growth and sugar accumulation. The average 
temperature of September was close to SCN, 
nevertheless the big amount of precipitation (88.5 
mm in the 2nd decade of September) was hospitable 
for foliar diseases spread.  
 
 
RESULTS AND DISCUSSION 

 
Annual weeds were prevalent in the crop of 

sugar beets in the period of the investigation: 
Chenopodium album L., Persicaria lapathifolia L., 
Stellaria media (L.) Vill., Galium aparine L., 
Lamium purpureum L., it was plenty of 
Echinochloa crus-galli (L.) Beauv. as well. 
Perennial weeds found in experimental fields were 
Elytrigia repens L., Cirsium oleraceum L., Sonchus 
arvensis L. 



© by PSP  Volume 25  No. 7/2016, pages 2654-2661  Fresenius Environmental Bulletin  

2657 

  
 

 
FIGURE 1 

Weed grown before (a) and after (b) first weed control. 
 
 

The amount of weeds in all the variants was 
similar before the first chemical treatment with 
pesticides and damp water steam (Fig. 1a). 
Chenopodium album, Persicaria lapathifolia and 
Galium aparine constituted the major part of weeds. 
The sugar beets were not germinated yet at the 
time, thus the crop was treated continuously. In 3 
days after the treatment, the amount of weeds 
decreased by 97.0-98.7 % in the fields were damp 
water steam was used (Fig. 1b), while in the fields 
were herbicides were used, the amount of weeds 
was reduced by 89.0-90.6 %. 

As it was noticed during the second weed 
control, the germination of weeds was more intense 

in comparison with the first germination (Fig. 2a). 
The second weed control was carried out in the 10th 
-11th  of May. The weather was warm enough, the 
average temperature of the 1st decade of May in 
2012 was 12.6 C and in the 2013 it was 14.4 C; the 
precipitation was low, but the soil was humid 
enough. The amount of weeds was reliably less 
before the second weed control in the fields where 
the chemical weed control was used, because the 
germinating weeds were still influenced by pre-
emergence herbicide (Goltix), used in the first 
chemical control. In 3 days after the second weed 
control, the amount of weeds decreased to 1.0-3.5 
un. m-2 (Fig. 2b). 

 

 
 

 
 

FIGURE 2 
Weed grown before (a) and after (b) second weed control. 
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FIGURE 3 
Weed grown before (a) and after (b) third weed control. 

The germination of weeds was similar in all 
the fields before the third weed control (Fig. 3a). As 
the pre-emergence herbicide Goltix was not applied 
during the second weed control, the amount of 
weeds in this field did not varied from the other 
fields. The third weed control was especially 
effective in the fields, where the herbicides were 
used as well as in the forth variation, where spread 
with damp water steam was combined with manual 
weeds removal (Fig. 3b). 

In order to finally evaluate the effect of 
applied means, we counted the weeds and measured 
their air-dry mass in one month after the last weed 
control. The smallest amount of weeds had the 
fields, where the damp water steam was combined 

with manual weeds removal (Fig. 4a), there were no 
significant differences among other variations. The 
biggest air-dry weed mas was in the fields were 
damp water steam was applied for 3 times and the 
remained weeds among the plants were not 
removed manually (Fig. 4b). 
 

The influence of wet water steam on foliar 
fungal diseases. It was noticed the decrease of 
foliar fungal diseases when the weeds in sugar beets 
were controlled applying damp water steam. In 
order to correctly evaluate the influence of damp 
water steam, we carried out the estimation of fungal 
diseases in the beginning of August and in the end

 

  
 

FIGURE 4 
Weed grown (a) and air-dry mass of weeds (b) in one month after the last weed control. 
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TABLE 2 
Severity of sugar beet fungal diseases , %. 

 
Variants I count (08 10) II count (09 23) 
 2012 2013 2012 2013 
 Cercospora leaf spot 
1.Sprayed with herbicides 
(control) 

2,03 1,24 8,80 10,15 

2. Sprayed with damp water 
steam x 2 

1,18 0,61 7,46 8,14 

3. Sprayed with damp water 
steam x 3 

0,42 0,38 1,86 4,18 

LSD05 0,428 0,448 1,265 1,412 
 Ramularia leaf spot 
1. Sprayed with herbicides 
(control) 

1,94 1,38 2,01 3,56 

2. Sprayed with damp water 
steam x 2 

1,45 1,36 1,04 2,21 

3. Sprayed with damp water 
steam x 3 

1,24 1,18 0,97 1,06 

LSD05 0,681 0,726 0,629 0,464 
 Powdery mildew 
1. Sprayed with herbicides 
(control) 

0,15 0,18 2,14 2,26 

2. Sprayed with damp water 
steam x 2 

0 0 1,15 1,24 

3. Sprayed with damp water 
steam x 3 

0 0,01 0,48 0,66 

LSD05 0,026 0,021 0,523 0,548 

 
 

of September, before the yielding. We generalized 
and presented the data from the variations 3 and 4 
as from the one common field, because the 
methodology of applying damp water steam was 
the same and the manual removal of weeds didn't 
influence the spread of foliar diseases. Such foliar 
diseases like cercospora, ramularia and powdery 
mildew were outspread during the period of 
investigation. Phomosis and rust diseases appeared 
only in several places in 2013, thus these cases are 
not included in the paper. Cercospora severity in 
the sugar beets crop was low as it was found during 
the first diseases estimation in the beginning of 
August; it varied from 1.24 to 2.03 % in the fields, 
where chemical weed control was used (further 
named control fields) (Table 2). Cercospora 
severity in the damp water steam treated fields was 
41.9-50.8 % (after spreading for 2 times) and 69.4-
79.3 % (after spreading for 3 times) less than in the 
control fields.  

During the second foliar disesases estimation 
it was found that cercospora was more intence in 
the 2013. Treatment with damp water steam for 2 
times during the first part of sugar beets vegetation 
reduced the severity by 15.2-19.8 %. Cercospora 
severity decreased 58.8-78.9 % in the fields, which 
were treated with damp water steam for 3 times. 

Ramularia severity in the sugar beets crop 
was similar during both foliar diseases estimations. 
The severity of ramularia in the beginning of 
August reduced 1.4-36.1 % in the fields treated 

with damp water steam in comparison with control 
fields and it depended on the treatment times as 
well as on the investigation year. Nevertheless, the 
statistically reliable difference was only in 2012 
and only in the fields treated with damp water 
steam for 3 times. The severity of ramularia in the 
fields treated with damp water steam was reliably 
less in comparison with control fields in the end of 
September.  

Outspread of powdery mildew in the 
investigated fields was late. In the first estimation 
of diseases only some lesions were found. In the 
second diseases estimation the severity of powdery 
mildew in control fields was 2.14-2.26 %. The 
spreading of sugar beets with damp water steam in 
the beginning of vegetation caused the reliable 
decrease of powdery mildew. 
 
 
CONCLUSIONS 
 

1. The most effective weed control was 
in the case when damp water steam was applied for 
3 times during the vegetation of sugar beets 
combined with the manual weeds removal as it was 
noticed during the estimation, carried out in 30 days 
after the last damp water steam treatment. This 
method was the most effective in reduction of air-
dry weed mass as well. 
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2. The amount and the air-dry mass of 
weeds was almost the same in the cases when damp 
water steam was applied for 2 times (using 
protective covers fot the 2nd time) and chemical 
control was applied.  

3. In order to reduce the environmental 
pollution, the use of herbicides in the sugar beets 
crop can be replaced with damp water steam using 
protection means (covers or soil beds) in order not 
to damage the crop. 

4. Damp water steam, used during the 
first half of sugar beets vegetation reduced 
development of foliar fungal diseases in the crop. 
After the treatment with the damp water steam for 3 
times the severity of cercospora in the end of 
September was 58.8  78.9 %, the severity of 
ramularia 51.7  52.0 % and the severity powdery 
mildew was 70.8  77.6 % smaller than in the fields 
treated with herbicides. 
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ABSTRACT 

 
In this stuady, community structure of benthic 

diatoms in Maden Stream was studied over 1- one 
year period. A total of 77 taxa were identified in 
benthic habitats. The aim of this stuady is to 
describe to epipelic, epilithic, epiphytic diatom 
communities in Maden Stream and the diversity of 
species, similarity of benthic diatoms in different 
habitats of stream. It is clear that certain diatom 
taxa have microhabitat preferences. Cretoneis 
arcus, Frustulia vulgaris, Meridion circulare, 
Navicula bacillum,  N. cari, N. gracilis, N. 
menisculus, N. tuscula, N. reinhardtti Nitzschia 
hungarica, Surirella robusta were recorded in 
epilithic habitats. Didymosphenia geminata was 
recorded only in epipelic habitats The abundance of 
diatom taxa recorded varied substantially among 
the habitat types. The genera Cymbella, Navicula, 
Nitzschia and Gomphonema comprised the most of 
species and were numerically bigger in most 
communities. Frequency, diversity and similarity of 
diatoms varied among habitats. 
 
 
KEYWORDS: 
Benthic diatoms, habitat, streams, substratum, epilithic, 
epipelic, epiphytic 

 
 

INTRODUCTION 
 

Benthic diatoms are important members of 
water ecosystem and they are often dominate as 
primary producer. Water ecosystems are 
endangered worldwide by the increasing pollution 
and eutrophication. Benthic diatoms are not only 
affected by these processes but they are also 
excellent bioindicators of them. Their short 
generation time, attached lifestyle and widespread 
occurence qualifies them as preferred organisms of 
the modern bioindicators in systems. In streams and 
rivers, benthic diatoms are distributed widely on 
streambed substrata such as surfaces of rocks, 
stones and plants [1]. Species composition of 
benthic algal communites sampled at the same site 

but from different substrates (e.g., rock surface, 
upper layer of sediment, or water plants) which 
often differs substantially because some species are 
better adapted to one microhabitat than to others 
[2]. Some researchers found distinct communities 
of diatoms on different substrates in water bodies, 
indicating species habitat preferences. In a study of 
sandy streams, it was found that diatom species 
composition varied more from year to year among 
micro habitat and stream [3, 4]. In the ecological 
literature, studies on benthic algae phytoplankton is 
more than work. Many studies related to 
environmental variation on diatom community 
composition but is focused on a few specific stream 
habitat preferences. By determining the 
microhabitat and substrate preferences of these 
benthic diatom taxa, the potantial exist for 
interferring the past changes in available habitats 
from fossils diatom asseblages collected from 
sediment cores and ultimately to reconstruct past 
environmental and climatic changes responsible for 
these shifts in habitat availability [5]. 

 
The present study was carried out to determine 

the epipelic, epilithic and epiphytic diatom 
communities in Maden Stream and characterize the 
abundances, similarities and diversities on different 
substrates. 

 
 
MATERIAL AND METHODS 
 

Site Description. The Maden Stream is 
located in eastern Turkey (39,390-37 -32 E, 380-
26 -32  N) at an altitude of 1054.The region is 
surrounded by high mountains. The stream flows 
through a nutrient-poor sedimentary rock catchment 
for approximately 46 km and enters the Dicle 
River. The in stream vegetation is predominantly of 
Ranunculus sp. And Thypha sp. , and streambed 
substrate consist of stones and gravels. The stream 
is rarely shaded by riparian vegetation. 

Epilithic, Epipelic and Epiphytic diatoms were 
sampled on monthly basis in four stations between 
January 2008 and December 2008. Epilithic 
diatoms were collected into plastic containers 
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monthly as pooling upper-surface by scraping from 
several rocks. Epiphytic diatoms from dominant 
macrophytes were taken together with parts of 
stems or leaves. Epipelic diatoms were collected 
from the most superficial layer (5-10 mm) of 
sediment using a 3 cm in diameter core. 

In order to prepare permanent diatom slides, 
organic material of subsamplaes was digested with 
nitric/sulphuric acid. Neutralized samples were 
dried on coverslips, whic were mounted on slides 
with balsam. Two hundered frustules per samples 
were identified and counted at 1000 X 
magnification in order to obtain the estimated 
frequencies of different species of epiphytic, 
epilithic and epipelic diatoms. Species were 
identified according to Krammer and Lange-
Bertalot [6-9]. 

Diatom diversity (  was estimated using the 
Shannon-Wiener index [10]. Similarity between 
habitats was calculated with the Sorensen similarity 
index. All calculations and statistical analyses 
coduct with SPSS (version 10. 0) software. 

 
 

RESULT AND DISCUSSION 
 
A total 77 taxa were identified in the stream. 

The number of diatom taxa recorded varied 
substantialy among the habitat types. The diatom 
community in each habitat was generally domined 
by seven taxa. Cymbella, Navicula, Nitzschia and 
Gomphonema comprised the most of the species 
and were numerically dominant in most 
communites. Frequency, diversity and similarity of 
diatoms varied among habitate. Overall, many 
diatom taxa appeared to be present on more than 
one substrate; however, some species showed a 
strong affinity to only one habitat type. Fragilaria 
ulna was the most common diatom collected from 
all three habitats (Table 1). This is similar to 
finding of Cetin [11]. Some diatom species were 
more abundant in one habitat than another. This is 
similar to the findings of Stevenson and Hashim 
[12] and Lim et al. [13]. Achnanthes lanceolata, 
Cymbella helvetica,  Diatoma vulgaris, 
Gomphonema parvulum, Navicula cryptocephala, 
Nitzschia palea and Surirella linearis were the most 
abundant in the epipelic samples while Achnanthes 
minutissima, Cymbella affinis, C.ventricosa 
C.minuta, Diatoma tenuis, Gomphonema 
olivaceum,  Navicula pupula, Nitzscia amphibia, N. 
thermalis, Surirella angustata were the most 
numerous taxa in the epilithic samples. Cocconeis 
placentula, Cymbella cistula, Gomphonema 
truncatum, Navicula radiosa, Nitzschia 
hantzschiana, N. linearis, Rhopalodia gibba were 
recorded as the most abundant in the epiphyton. 
Cocconeis placentula were also found in high 
abundance one plant substrates in other periphytic 
diatom studies [13]. Species which were 

significantly confined to plant surfaces were more 
or less similar to typical epilithic species (e.g. 
Achnanthes lanceolata), except Cocconeis 
placentula, which is generally assumed on grow 
preferntially on plants [6-9]. Not suprisingly, many 
of the diatom species were found on more than one 
substrate, suggesting that some species take the 
advantage of more than one habitat type. In 
addition, a few species showed a strong affinity to 
only one habitat type. For instance some benthic 
diatom taxa showed specific distribution in the 
stream. Didymosphenia geminata was recorded 
only in the epipelic samples. Ceratoneis arcus, 
Frustulia vulgaris, Meridion circulare, Navicula 
gracilis, N. menisculus, N. cari, N.tuscula, N. 
bacillum, Nitzschia hungarica, Meridion circulare, 
Surirella robusta only in the epilthic samples. It is 
possible that these species are sensitive species with 
a narrow ecological tolerance. It is known that rare 
species are important even critical, in community 
ecology and bioassesment for detecting primary or 
secondary environmental gradients or impacts. 

Cymatopleura eliptica, Cymbella 
amphicephala, C. gracilis, Diatoma moliformis, 
Neidium dubium were present on both rock and 
sediment but not on macrophyte substrates. 
Epiphytic and epipelic assemblages had fewer 
number of species compared to epilithic 
assemblages. Epilithic diatom communites should 
be more stable than epiphytic and epipelic 
communites because of inherent stability of stony 
substrate. The fast growing macrophytes can rather 
be unstable substrata for algal colonization and 
growth [14]. 

Although abundances of benthic diatoms 
varied in most habitats, the greatest differences in 
composition were actually in sampling dates rather 
than habitat within stream. In general, diatoms 
species composition in the stream was similar to the 
composition in other aquatic ecosystems [15-18]. 

Epipelic, epilithic and epiphytic diatoms in the 
Maden stream were charecterized by high species 
diversity. The diversities (H ) were varied from 
2.26 to 3.07 (Fig. 1) . In the sampling period, a total 
of 54 epipelic diatom taxa was found. Species 
diversity for epipelic diatoms were varied from 2.26 
to 2.98. In the epiphytic assemblage, 60 species 
were found. Species diversity for epiphytic diatoms 
were varied from 2.26 to 2.96. In the epilithic 
diatom community of Maden Stream, the diversity 
index values varied from 2.61 to 3.01 with the 
highest diversity in May. Relatively higher 
diversity values were recorded in epilithic 
assemblage during the sampling period. Species 
diversity and abundance of diatoms recorded in the 
stream exceeded the highest values reported for 
aquatic habitats in other regions in late spring and 
early summer [17, 19, 20]. According to Leand 
[21], temperature strongly infulance phytobentos  
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TABLE 1 
Relative abundance (%) of diatoms occuring in epipelic, epilithic, and epiphytic samples. 

 

Taxa 
Relative Abundance(%) 

Epipelic Epilithic Epiphytic 
Cyclotella meneghiniana Kützing 2.76 1.39 1.60 

Achnanthes  minutissima Kützing 2.26 11.89 2.98 

A. lanceolata   (Brebisson) Grunow 4.46 4.47 3.49 

Melosira varians Agardh  3.47 1.93 2.95 

Amphora ovalis (Kützing) Kützing 0.14 0.21 0.11 

Cocconeis placentula Ehrenberg 3.40 1.24 6.45 

Cymatopleura elliptica (Brebisson) W. Smith 0.71 0.58 - 

C. solea (Brebisson) W. Smith 2.33 0.16 1.69 

Cymbella affinis Kützing 2.08 2.56 3.30 

C. amphicephala Naegeli 0.63 0.08 - 

C. aspera (Ehrenberg) Cleve 0.39 0.33 0.35 

C. caespitosa Kützing 0.71 0.20 0.30 

C. lanceolata (Ehrenberg) Kirchner 0.57 0.59 0.42 

C. prostrata (Berkely) Cleve 0.31 1,43 1.10 

C.helvetica Kützing 4.62 2.86 4.55 

C. cistula (Ehrenberg) Kirchner 2.49 1.62 5.65 

C. angustata (W. Smith) Cleve 0.71 0.22 0.31 

C. ventricosa (C. Agardh) 1.38 3.98 1.02 

C.gracilis (Ehrenberg) Kützing 0.47 0.31 - 

C.minuta Hilse ex Robh 2.41 2.63 0.70 

C.cuspidata Kützing 0.23 0.44 0.50 

Cretoneis arcus (Ehrenberg) Kützing - 0.06 - 

Diatoma tenuis  Agardh 1.63 3.18 3.00 

D. vulgaris Bory 4.46 1.70 2.90 

D.moliformis Kützing 1.17 0.98 - 

Didymosphenia geminata (Lyngbya)M.Schimidt 0.63 - - 

Diploneis ovalis (Hilse) Cleve 0.96 0.19 0.78 

Epithemia adnata (Kützing) Brebisson 0.29 0.13 0.84 

E.turgida Ehrenberg 0.18 0.33 

Frustulia vulgaris (Thwaiter) 0.04 - 

Fragilaria ulna (Nitzsch) Lange-Bertalot 6.62 5.86 6.78 

F.arcus (Ehrenberg) Cleve 1.15 1.67 2.93 

Gomphonema acuminatum Ehrenberg 0.96 0.57 0.54 

G.angustatum Agardh 0.39 1.36 1.17 

G.constrictum  Ehrenberg 1.66 0.81 1.23 

G. truncatum Ehrenberg 0.25 0.05 5.21 

G. parvulum (Kützing) Grun 4.04 6.77. 3.34 

G. olivaceum (Hornemann) Brebisson 2.02 1.20 0.47 

Gyrosigma acuminatum (Kützing) Rabenhorst 1.91 0.31 0.25 

Hantzschia amphioxys (Ehrenberg Grunow. 0.80 0.11 0.34 

Meridion circulare (Greville) Agardh - 0.30 - 

Navicula cryptocephala Kützing 5.67 1.95 2.85 

N.cari Ehrenberg - 0.02 - 

N. cuspidata Kützing 0.18 0.03 0.64 
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N. gracilis Ehrenberg - 0.12 - 

N. pupula Kützing 1.20 3.58 0.98 

N. radiosa Kützing 0.68 0.91 2.81 

N. lanceolata (Agardh) Ehrenberg - 0.23 0.31 

N. rhyncocephala Kützing 0.19 0.42 0.73 

N. viridula (Kützing) Ehrenberg - 0.31 0.44 

N. tripunctata (O. F. Müller) Bory 0.63 0.79 2.46 

N. menisculus Schuman - 0.09 - 

N.tuscula (Ehrenberg) Grunow - 0.05 - 

N.trivialis Lange-Bertalot 2.68 2.06 1.60 

N.praeterita Hustedt - 1.38 1.09 

N.salinarum Grunow - 0.77 1.70 

N.reinhardtii Grunow 0.32 - 

N.bacillum Ehrenberg - 0.01 - 

Neidium dubium (Ehrenberg) Cleve 1.07 0.02 - 

N. iridis (Ehrenberg) Cleve - 0.01 1.61 

Nitzschia amphibia Grunow 1.94 2.48 1.95 

N. angustata Grunow 0.97 0.17 0.90 

N. hantzschiana Rabenhorst - 0.05 0.89 

N. linearis  (Agardh) W. Smith 2.39 1.90 4.11 

N. palea (Kütz.) W. Smith 5.50 2.71 4.19 

N. sigmoidea (Ehr.) W. Smith 2.55 2.70 2.81 

N. gracilis Hantzsch 1.91 1.68 0.36 

N. hungarica  Grunow - 0.12 - 

N. thermalis Kützing 2.85 6.54 2.36 

Pinnularia viridis (Nitzsch.) Ehrenberg 0.03 0.26 

Rhopalodia gibba (Ehrenberg) O. Müller 0.10 0.47 1.11 

Stauroneis anceps  Ehrenberg - 0.01 0.86 

Surirella angustata Kützing 1.68 0.38 

S. ovata  Kützing - 0.15 0.24 

S. linearis W. smith 0.81 0.23 0.24 

S. ovalis Brebisson 0.63 0.27 

S. robusta Ehrenberg 0,02 - 

 
 

communities. Temperature can influence diatoms 
directly by affeting metabolic processes and cell 
division and indirectly via changes in physical, 
chemical and biological properties of river and 
streams [22]. Patova and Charls [23] reported that 
mean annual air temperature affected significantly  
the diatom distribution patterns in rivers 
significantly. The present study also concluded that 
high water temperatures supports richness of 
species in benthic diatoms, while low temperature 
inhibits their growth and richness of species. 

The degree of similarity in all benthic diatom 
assembleges was high among the habitats (Table 2). 

coefficient calculated as the 
highest (0.95) between epipelic and epilithic 
diatoms in May. In January and February, similarity 
for all the sampled substrate was between 0.61 and 
0.69. Similarity between epipelic and epilithic 

diatom communities was calculated as 0.35 in 
December, which was the lowest similarity 
observedin the stream during the sampling periods.  
In December, similarity between epilithic and 
epiphytic diatoms was greater than the similarity 
between epipelic and epiphytic or similarity 
between epipelic and epilithic. Species significantly 
confined to plant surfaces were more or less similar 
to thypical epilithic species (e.g. Achnanthes 
lanceolata), except Cocconeis placentula, which is 
generally assumed to grow preferentially on plants  
[6-9]. Eloranta [24] reported that the most 
significant species confined to the Stone surfaces 
were Achnanthes minutissima and Gomphonema 
parvulum. However, Cocconesis plasentula was 
clearly confined to plants surfaces. Thes findings 
are similar to those of Eloranta et al. [24]. In our  
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TABLE 2 
Similarities of epipelic, epilithic, and epiphytic diatom communities in Maden Stream. 

 
 Epipelic-Epilithic Epipelic-Epiphytic Epilithic-Epiphytic 

January 0.61 0.66 0.69 

February 0.67 0.62 0.61 

March 0.70 0.75 0.87 

April 0.79 0.91 0.82 

May 0.95 0.85 0.89 

June 0.80 0.75 0.87 

July 0.68 0.70 0.66 

August 0.60 0.72 0.63 

September 0.77 0.84 0.82 

October 0.71 0.79 0.85 

November 0.51 0.63 0.89 

December 0.35 0.46 0.73 

 

 
FIGURE 1 

epiphytic diatom communities. 
 
study, Cocconeis placentula was more abundant in 
other habitats compared to aquatic macrophyts. The  
variation in algal dynamics in habitats may ocur as 
a result of algal adaptation to direct abiotic or biotic  
pressures orienting from physicochemical 
differences on habitats in streams [12]. However, 
we found no correlation between diversity of 
species (H) and selected physicochemical features 
(temperature, dissolved oxygen, pH and calcium 
and magnesium consentrations). As in terrestrial 
ecosystems patchiness in plant distribution may be 
a function of soil type or drainage patterns, so in 
benthic communities unevenness may not be 
random and accidental [25].  

Many evironmental factors are probably 
important for explaning these inconsistencies. 
Diatoms and other microalgae interact with 
environmental variations at many scalas. Some 
environmental conditions may constrain variation 
in community structure during the community 
development. Many factors may enhance or limit 

the differences in benthic algal community 
dynamics among habitats in streams and there by 
regulate structure and function of community. The 
variation in algal abundances and species 
composition in different habitats in stream may 
explain invertebrate patchiness by providing food 
and refugia from predators.  In conclusion, we have 
not fount clear patterns among diatom assemblages 
in three habitats. Some taxa were observed in all the 
habitats, while others were uncommon.   
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ABSTRACT 

 
Phytoremediation is a novel biological 

remediation technique, and searching for new 
hyperaccumulators is one of the key points during 
its application. In the present work, both field 
investigation (Siding lead-zinc Mines, southern 
China) and laboratory experiment (incubation with 
five concentration gradient 0 (CK), 0.5, 1, 2.5 and 5 
mg L-1 Cd) were carried out to testify whether 
Centella asiatica L. is a potential cadmium (Cd) 
hyperaccumulator. Field results showed that C. 
asiatica. could grow normally even as the soil 
concentration of Cd was as high as 124 to 1010 mg 
kg-1. In general, Cd concentrations accumulated in 
leaves, petioles, and stems were over 100 mg kg-1. 
The ratio of Cd concentration in petioles to that in 
roots (P/R: the ratio of Cd concentrations in petiole 
to those in roots) ranged from 0.83 to 1.84, 
indicating its good translocate ability to 
aboveground parts. The laboratory experiment 
further confirmed its capable characteristic for 
hyperaccumulation and hypertolerance of Cd, i.e., 
no negative effects on plant growth, high Cd 
accumulation in tissues, high antioxdative enzyme 
activities and the appropriate TF values (P/R > 1). 
All these results suggested that C. asiatica was a 
new Cd-hyperaccumulator. 
 
 
KEYWORDS:  
Cadmium; Centella asiatica L.; Phytoremediation 
 
 
INTRODUCTION 

 
Cadmium (Cd) is not essential to organism, 

and its persistence in soil has brought a major 
global concern as the associating health risks. 
Because Cd can be biomagnified in the food chains, 
and become increasingly dangerous to humans and 
wildlife [1]. Therefore, seeking remedial methods 
and techniques for Cd contaminated soil and water 

is extremely urgent and necessary. 
Phytoremediation is a novel biological remediation 
technique and has become a hotspot of pollution 
remediation for its potentially cost-effective, simple 
engineering operation and environmentally-friendly 
characters [2-3]. While searching for proper 
hyperaccumulators that accumulate high levels of 
heavy metals is a prerequisite for the technique. 

So far, more than 450 species that 
hyperaccumulate heavy metal have been identified 
in the plant kingdom, while few of them were 
reported to be Cd hyperaccumulators [4-7]. 
Meanwhile, the species that can be utilized for Cd 
phytoremediation usually have some limitations in 
practice, i.e. small biomass, slow growth, poor 
resistance or lack of seeds and competitiveness with 
local plants [8]. Therefore, finding more and new 
hyperaccumulators for the remediation of Cd 
contaminated soil and water is necessary. 

Centella asiatica Linn (Fig. 1) is one kind of 
perennial herbs with the characteristics of prostrate 
stems, stoloniferous, rooted at nodes, and widely 
distributed in tropics and subtropics area. It tends to 
grow in swamps, paddy fields or riversides in 
southern China [9]. Except of its wide geographic 
distribution, it also possesses characteristics of easy 
cultivability and high competitiveness. Accidentally, 
we found this kind of species could grow well in 
one Lead-zinc mining area in Guangxi, south China, 
during our vegetation investigation. We wondered 
whether it has high accumulation or tolerance to Cd. 
However, little information was available on the 
accumulation potential and tolerance of Cd for C. 
asiatica. Therefore we conducted hydroponics 
experiment under controlled conditions to elucidate 
its hyperaccumulation of Cd. The activities of 
antioxidative enzymes (SOD, APX, CAT and POD) 
and chlorophyll (CHL) contents were determined as 
well to understand the involving mechanisms.  
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FIGURE 1 

Centella asiatica Linn. 
 
 

MATERIAL AND METHODS 

 
Field survey and sampling. Field surveys 

were conducted in swamps and ditches of the 
Siding lead-zinc Mine, which is located in Rongan 
County, Guangxi Province, southern China 
(109 31E, 25 01N). The climate in this area is 
sub-tropical monsoon, with an annual average 
temperature of 16.4  and an average rainfall of 
1985 mm. The Siding lead-zinc Mine has vast 
deposits of lead-zinc mineral resources, covers an 
area of 13.64 sq km. The mining activities began in 
1960 and stopped in 1998 [10], resulting in 
heavy-metal contamination of soil and water in this 
area. To investigate plants species kinds and their 
phytoaccumulations in this mining area, we carried 
out a preliminary field survey in April 2013 and 
were surprised to discover that C. asiatica, which is 
a common member of the woodland flora, 
contained high levels of Cd in shoots. A detailed 
study on C. asiatica was conducted in August 2013. 
Nine individual plants, named S1  S9, were 
collected randomly within the sampling area. The 
corresponding rhizospheric soil (0-30 cm depth) 
was gathered concurrently. Soil samples were 
air-dried and sieved through a 2 mm sieve. 

 
Hydroponic culture. Seedlings of C. asiatica 

were collected from swamps and ditches of the 
Siding lead-zinc Mine, and pre-cultured in 
Hoagland nutrient solution for 4 weeks. Then 
healthy and uniform seedlings were transplanted 
into the prepared plastic pots, continued to culture 
in solutions with 5 different Cd concentrations: 0 
(CK), 0.5, 1, 2.5 and 5 mg L-1 Cd, added as 
CdCl2·2H2O. Each treatment was triplicated . The 
solutions were aerated 24h a day, adjusted daily to 
pH 5.8 with 0.1 mol l-1 HCl or 0.1 mol l-1 KOH, and 
renewed every three days to restore volume to their 
original levels. The experiment was conducted in 

controlled environmental conditions with a 16-h 
light period at intensity of 350 mol m 2 s 1, and 
the day/night temperature of 25 °C/20 °C. 

Plants were harvested at 18 d after Cd 
treatment. After being rinsed with tap water, roots 
of intact plants were immerged in EDTA-Na 
solution for 15 min to remove the metal ions 
adsorbed on the surface. Then the whole plants 
were washed with tap water and rinsed with 
deionized water, followed by drying with filter 
paper. The fresh weight (fw), root length and plant 
height were determined afterwards. The whole 
plants were then separated into roots, stems and 
leaves. The subsamples of different fractions for the 
determination of Mn concentration were firstly 
dried at 105  for 30 min, and then at 70  to 
constant weight. The subsamples of different 
fractions for the measurements of biochemical 
parameters were frozen immediately in liquid 
nitrogen and stored in refrigerator at -80 . 

 
Chlorophyll content, enzyme activity and 

lipid peroxidation, measurements. Chlorophyll 
content, enzyme activity and Malondialdehyde 
(MDA) contents were extracted and measured in 
the same way as our previous study [10]. 

 
Determination of Cd accumulation. Cd 

concentrations in plants and soils were prepared 
and measured in the same way as our previous 
study [10]. 

 
Calculation. Data were processed with 

Microsoft Excel 2007 and SPSS13.0 software. All 
the values expressed were means±standard 
deviation (S.D.) of three replicates. Data were 
statistically analyzed by the one-way ANOVA, 
taking p < 0.05 D 
test. 
 
 
RESULTS 

 
The growth of C. asiatica and its 

accumulation of Cd at field condition. The results 
of the field investigation showed that only a few 
species of plants were found in the swamps and 
ditches in the Siding lead-zinc Mine, i.e. C. asiatica 
and Miscanthus floridulus. C. asiatica could 
prostrate and creep about one meter with no 
macroscopic symptom therein, even though soil Cd 
concentration in this area was as high as 124 to 
1010 mg kg-1 (Table 1). 

Cd concentrations in soils and in different 
tissues of C. asiatica were listed in Table 1. In 
general, petioles contained the highest Cd 
concentrations, ranged from 85.3 mg kg-1 to 567 mg 
kg-1 with the average value of 258 mg kg-1, which 
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TABLE 1 
Cd bioaccumulation and transportation of C. asiatica growing on the Siding lead-zinc mine. 

 

Sample No. 
Cd in plant tissues (mg kg-1 DW) Cd in Soil 

 (mg kg-1) 
L/Ra P/Rb S/Rc L/Sd P/Se S/Sf 

Leaf Petiole Stem Root 

S1 330.7±16.1 517.0±12.3 361.9±18.2 281.7±14.6 1010.9±31.1 1.17 1.84 1.29 0.33 0.51 0.36 

S2 327.9±15.4 567.0±17.1 390.4±7.6 551.6±18.8 338.8±19.9 0.59 1.03 0.71 0.97 1.67 1.15 

S3 187.2±14.8 338.1±10.4 203.3±16.2 283.5±16.7 124.3±6.7 0.66 1.19 0.72 1.51 2.72 1.64 

S4 164.0±7.6 254.3±10.5 155.3±8.8 253.9±11.9 757.6±37.2 0.65 1.00 0.61 0.21 0.33 0.21 

S5 137.8±13.2 171.2±7.5 76.2±5.5 103.1±5.8 233.3±18.5 1.34 1.66 0.74 0.59 0.73 0.33 

S6 87.9±7.6 118.8±8.9 111.9±5.6 143.5±8.0 132.3±8.8 0.61 0.83 0.78 0.66 0.89 0.85 

S7 135.5±10.2 85.3±3.5 73.4±4.9 71.5±4.4 496.1±71.4 1.90 1.19 1.03 0.27 0.17 0.15 

S8 88.2±5.6 165.6±6.9 182.2±11.5 100.1±6.3 397.8±20.2 0.88 1.65 1.82 0.22 0.41 0.45 

S9 94.9±5.9 113.6±4.8 108.7±5.1 87.2±5.2 300.1±15.5 1.09 1.30 1.25 0.32 0.38 0.36 

Note: Values are means ± S.D. (n = 3). a, b, c are the ratio of Cd concentrations in leaves, petioles and stems to 
those in roots and d, e, f are the ratio of Cd concentrations in leaves, petioles and stems to those in soils, 
respectively. 

 
TABLE 2 

Effects of Cd on growth of C. asiatica 
 

Cd concentration (mg L-1) Root length (cm plant-1) Plant height (cm plant-1) Fresh weight (g plant-1 FW) 

0 7.88±0.64a 11.90±2.41b 0.74±0.15c 

0.5 9.23±0.64a 21.03±4.33a 1.44±0.35a 

1.0 8.83±1.10a 15.20±3.07b 1.29±0.09ab 

2.5 8.80±0.56a 13.30±1.67b 1.24±0.39ab 

5.0 4.45±0.31b 12.50±3.28b 0.85±0.20bc 

Values are means ± S.D. (n = 3). One-way ANOVA (1 factor: type of issue) were performed for each parameter 
and different letters within the same column meant there was significantly different at p < 0.05 based on LSD. 
(the same below) 

 
were constantly much higher than those in leaves, 
stems and roots. Cd concentrations in leaves 
(except S6, S8 and S9), petioles (except S7), and 
stems (except S5 and S7) were all over 100 mg kg-1, 
which was the critical concentration for a Cd 
hyperaccumulator.  

The ratio of Cd concentrations in petioles to 
those in roots (P/R) ranged from 0.83 to 1.84, 
indicating its good transport capacity to 
aboveground parts. Because of the high level of Cd 
concentrations (124 - 1010 mg kg-1) in the 
corresponding mine soils, the values of L/S, P/S 
and Stem/S were very low. (L/S, P/S and Stem/S 
represented the concentration ratios in leaves, 
petioles, and stems to that in soil, respectively).  

 
The growth of C. asiatica and its 

accumulation of Cd under controlled conditions. 
Plant growth. The growth response of C. asiatica 

to different Cd supply levels were shown in Table 2. 
During the whole experiment period, there were no 
visible toxic symptoms such as necrosis, 
whitish-brown chlorosis, deformation of young 
leaves, and growth retardation under any Cd 
exposure (0-5 mg L-1). Cd supply could promote the 
increase of plant height and biomass accumulation, 
especially at low Cd concentration (0.5 mg L-1). 
The plant height increased by 5.04% - 74.72% 
under Cd treatments, and the corresponding values 
were 14.86% - 94.59% in biomass. Root length 
showed no significant (p > 0.05) inhibition below 5 
mg L-1 Cd treatment. Significant (p < 0.05) 
reduction of root length occurred at 5 mg L-1 Cd 
treatment, which indicated that roots were more 
sensitive to Cd pollution. Meanwhile, many new 
roots tillered from the base of the old roots, which 
may implicate that Cd stimulated the root 
differentiation.  
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TABLE 3 
Effects of Cd on the contents of chlorophyll and MDA in leaves of C. asiatica. 

 
Cd concentration(mg L-1) CHLa CHL b CHL (a+b) CHL(a/b) MDA 

0 0.74±0.10b 0.14±0.01b 0.88±0.11c 5.21±0.45c 3.18±0.15b 

0.5 0.99±0.04a 0.17±0.01a 1.16±0.05a 5.82±0.17c 3.36±0.26b 

1.0 0.93±0.04a 0.12±0.01c 1.05±0.03b 7.73±0.96b 3.18±0.19b 

2.5 0.77±0.02b 0.08±0.01d 0.85±0.01c 9.49±1.30a 3.24±0.30b 

5.0 0.79±0.03b 0.15±0.01ab 0.94±0.02c 5.21±0.71c 3.77±0.17a 

 

FIGURE 2 
Effects of Cd on the enzyme activities in leaves and roots of C. asiatica 

 
 

Chlorophyll and MDA changes in leaves. 
The changes of chlorophyll and MDA contents 
under Cd exposure in leaves of C. asiatica were 
shown in table 3. Cd treatments could promote Chl 
a contents by 6.76% - 33.78% as Cd concentrations 
in solution ranged from 0.5 mg L-1 to 5.0 mg L-1. 
However, Chl b contents significantly (p < 0.05) 
inhibited at 1.0 and 1.5 mg L-1 Cd, and significantly 
(p < 0.05) increased at 2.5 mg L-1 Cd, indicating 
that Chl b were more affected by Cd pollution than 
Chl a as compared with control. The changes of Chl 
(a+b) had the same tend as that of Chl a. The ratio 
of Chl a/Chl b increased first, and then decreased 
with the increasing Cd supply in solution and 
peaked at 2.5 mg L-1 Cd level, which increased by 
82.1% as compared with control. The contents of 
MDA kept stable at Cd level  2.5 mg L-1, while 
significantly increased (p < 0.05) at 5.0 mg L-1 Cd 
exposure.  

 
Antioxidative enzymes activities changes in 

leaves and roots. Effects of Cd on the enzyme 
activities in leaves and roots of C. asiatica were 

shown in Fig.2. SOD activities were similar at Cd 
level  2.5 mg L-1, while increased significantly (p 
< 0.05) at 5.0 mg L-1 Cd exposure both in leaves 
Values are means ± S.D. (n = 3). One-way ANOVA 
(1 factor: type of issue) were performed for each 
parameter and different letters within the same 
tissues meant there was significantly different at p < 
0.05 based on LSD.and roots. The similar trend was 
found in POD in leaves. The CAT activities were 
decreased with the increasing supply of Cd both in 
roots and leaves. While the changes of APX 
activities in leaves and roots were more complex: in 
root, it decreased first, reached its nadir at 1.0 mg 
L-1 Cd; and then increased with the increasing Cd 
concentration. Compared to the roots, the changes 
of APX in leaves had adverse trend and peaked at 
0.5 mg L-1 Cd. 

 
Cd accumulation in plants. Cd 

accumulations in leaves, petioles, stem and roots of 
C. asiatica increased significantly (p < 0.05) with 
increasing Cd supply in the solution (Table 4). In  
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TABLE 4 
Concentrations of Cd in C. asiatica under Cd treatments.  

 
Cd concentration Leaf Petiole Stem Root L/R P/R S/R 

0 1.97±0.06 e 1.64±0.04 e 0.53±0.02 e 1.88±0.25 e 1.04 0.87 0.27 

0.5 51.72±0.61 d 85.98±3.67 d 51.01±1.65 d 84.54±2.64 d 0.61 1.02 0.60 

1.0 112.34±6.22 c 204.23±11.90 c 187.51±5.90 c 194.94±8.39 c 0.58 1.05 0.96 

2.5 167.66±6.96 b 337.52±11.16 b 240.68±5.32 b 316.3±18.40 b 0.53 1.07 0.76 

5.0 282.27±7.95 a 604.96±30.05 a 378.28±23.06 a 567.6±33.71 a 0.50 1.07 0.67 

 
 
general, the contents of Cd were found the highest 
in petioles, and then followed by that in roots, 
stems and leaves. The average Cd concentrations in 
leaves, petioles, stem and roots was 112.34, 204.23, 
187.51 and 194.94 mg kg-1, respectively, as C. 
asiatica was treated in solutions with 1 mg L-1 Cd, 
which were all exceeded 100 mg kg-1, the critical 
value for being a Cd-hyperaccmulator. The absolute 
Cd accumulations in leaves, petioles, stems and 
roots were reached its peak at 5 mg L-1 Cd 
treatment. The ratio of P/R exceeded 1 under all Cd 
treatments, the ratios of L/R (Cd concentration in 
leaves to that in roots) and S/R (Cd concentration in 
stems to that in roots) were 0.50 - 0.61 and 
0.60-0.96, respectively, both belew 1.  
 
 
DISCUSSION 

 
Cd hyperaccumlation potential of C. 

asiatica. Cd hyperaccumulators are defined 
according to the following criteria: (1) the 
concentrations of Cd in the shoots (stems or leaves) 
should not be lower than 100 mg kg-1 dry weight; 
and (2) the TF, which is the ratio of the Cd 
concentration in shoots to that in roots, should be 
higher than 1 [11]. In the present study, based on 
the field survey, C. asiatica could grow healthily 
with no observed necrosis and whitish-brown 
chlorosis. Moreover, the seedlings of C. asiatica 
could grow normally with no visible harm effect 
even as Cd concentration in soil was as high as 
1010 mg kg-1, which demonstrated that C. asiatica 
had high tolerance to Cd stress. The results of 
hydroponic culture experiment also showed that 
under high Cd stress (up to 2.5 mg Cd L-1 in 
solution), the plant biomass (FW) were stimulated 
instead of being inhibited, distinguishing C. 
asiatica from a normal plant as a hyperaccumulator.  

Different tissues of C. asiatica contained 
different Cd concentrations, with the highest 
contents in petioles. And the values of TF were 
exceeded 1 (except S6), which indicated its strong 
transport capacity of Cd from roots to shoots. The 
results from hydroponic culture experiment showed, 
the concentration of Cd in the leaves, petioles and 

stems of C. asiatica were close to or more than 100 
mg kg-1; the concentrations of Cd in plants were 
significantly (p < 0.05) increased with the 
increasing level of Cd stress, and the values were 
peaked at 5 mg L-1, the values were 282.27, 604.96, 
378.28, and 567.7 mg kg-1 in leaf, petiole, stem and 
root, respectively. The TF values (P/R) were higher 
than 1.0 for all Cd treatments in C. asiatica, 
indicating that this species has good ability to 
transfer Cd from underground part to aboveground 
part. So, both field experiment and controlled 
experiment explicated that C. asiatica had high 
tolerance to Cd and high capacity to accumulate 
Cd. 

Compared other Cd-hyperaccumulating plants, 
the TF values were higher than Solanum 
photeinocarpum [5], Arthrocnemum 
macrostachyum [12], and some natural vegetation 
[13]; but lower than Solanum nigrum L. (2.1) [14]), 
Sedum alfredii Hance (>1.5) [15] and Bidens pilosa 
L. [4] (1.3  7.4 at the flowering stages and 1.9  
14.4 in the mature stage).  

 
Plant growth and the mechanisms for the 

tolerance of C. asiatica towards Cd stress. 
Biomass changes were often concerned as it could 
immediate explanation whether a plant affected by 
heavy metal stress. The insignificant decrease in 
aboveground biomass of a hyperaccumulator 
growing in a heavy metal polluted environment is 
one of characteristics for a hyperaccumulator 
distinguished from a normal plant [16]. No 
reduction in plant growth or shoot and root dry 
biomass of Solanum nigrum L and Sedum alfredii H. 
were noted as the plants exposure to high Cd 
concentration (as Cd concentrations in soil were as 
high as 25mg kg 1 [17] and 200 mol L 1[18], 
respectively) The results by hydroponics 
experiment also illustrated that C. asiatica collected 
from the swamps and ditches of the Siding 
lead-zinc Mine, could also grow well in Cd 
contaminated solution (0.5-5 mg L-1). Cd supplying 
promoted the plant height increasing and biomass 
accumulation. And high Cd concentration (5 mg L-1) 
could significant (p < 0.05) decrease the root length 
but promote new roots differentiation. It might be 
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one survival strategy for C. asiatica under high Cd 
stress. Its mechanism needs to further study. 
Meanwhile, the TF were also more than 1, these 
characteristics were consistent with the general 
properties of a typical Cd accumulating plant.  

Cd is not essential to plant growth, and too 
high Cd concentration in plants usually causes 
various phytotoxic symptoms, including leaf 
chlorosis, root putrescence, growth inhibition, etc. 
As a hyperaccumulator, not only can enrich heavy 
metals in tissues, but also have strong detoxification 
mechanism [19]. Results analyzed from plant 
growth, contents of chlorophyll and MDA in the 
present study explicated that Cd had no negative 
effects on C. asiatica even at 5 mg kg-1 Cd 
solutions. The same phenomenon has been found as 
studying the enhancement of Cd to plant growth of 
Lonicera japonica Thunb [19]. Cd was also known 
to induce the burst of active oxygen species (AOS) 
in plant tissues, leading to oxidative stress [4]. The 
function of SOD in antioxidative defense is to 
eliminate active oxygen species (AOS), which 
generates H2O2, while the resulting H2O2 can be 
removed by CAT, APX, and POD enzymes. 
Increased activities of these enzymes commonly 
have been reported in plants exposed to metals [20]. 
In the present study, SOD, POD and CAT activities 
showed significant increase under Cd treatments 
both in leaves and roots, which efficiently removed 
the produced H2O2 and protected the physiological 
function of the plants. This is probably the 
protection mechanism of C. asiatica towards the 
damage caused by Cd. The phenomenon is quite 
similar to the results of some other 
metal-accumulators, e.g., Thlaspi caerulescens, 
Brassica juncea [21] and Solanum nigrum L. [22]. 
The efficiency of the protection mechanism can be 
well revealed by the accumulation of MDA, a 
breakdown product of lipid peroxidation [23-16]. It 
is the most widely accepted indicator of oxidative 
damage Cd has been reported to enhance lipid 
peroxidation in many plant species, e.g., Triticum 
aestivum [24], Oryza sativa [25] and Allium. 
Sativum [26]. The MDA concentration in C. 
asiatica did not show any significant increase as Cd 
concentration in solution was up to 2.5 mg L-1, 
indicating an undetectable Cd damage on the 
plasma membrane of plant cells, which were 
consistent with the previous report [4].  

  
 

CONCLUSION 

 
Both the field investigation and the lab 

hydroponics experiment showed that C. asiatica 
had good tolerance to Cd stress, i.e., with normally 
growth, no visual Cd toxicity symptoms and strong 
internal detoxification mechanisms inside plant 

cells. The results suggested that C. asiatica was a 
Cd-hyperaccumulator since the concentration of Cd 
in aboveground tissues could be more than 100 mg 
kg-1, the threshold criterion for a 
Cd-hyperaccumulator. Meanwhile, TF values were 
all greater than 1.0.. Besides, C. asiatica is a widely 
distributed perennial herb characterized by prostrate 
stems, stolonisation, rooted at node and growing in 
both hygrophytic and terrestrial environments. So, 
there is a great potential for using C. asiatica in the 
remediation of Cd-contaminated water and soil, 
especially in mine slopes recovery. 
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ABSTRACT 
 

The development in agriculture has gradually 
increased the use of fungicides in Turkey. 
Fungicides negatively affect the life conditions of 
living organisms in water, air and soil 

right amounts of chemicals to be used in certain 
periods. The aim of this study is to spatially 
determine the amounts of fungicide consumption 
using Geographical Information System (GIS) 
mapping, and also to determine the level of 

during the 2010-2014 period. The data obtained 
from the Turkish Statist
Directorate of Provincial Food Agriculture and 
Livestock has been evaluated by the help of Inverse 
Distance Weighting (IDW) method in the GIS. 
While the highest amount of fungicide consumption 
was observed to be 250.0 tons in 2010, the lowest 
amount of fungicide consumption was determined 
to be 179.78 tons in 2013. When examining the 
spatial distribution of fungicide consumption, the 
highest consumption intensity was observed in the 

consumption intensity is determined to be in the 
Southern (Central district) and South-western 

whole period. According to the spatial distribution, 
the highest concentration intensity has been 

areas in all years.  
 
 
KEYWORDS:  
Fungicide consumptions, spatial analysis, GIS mapping, 
environment, agriculture 
 
 
INTRODUCTION 

 
The world's land area is limited and it is not 

possible to meet this need by opening up new areas 
for agricultural production. As well as the cultural 
methods, controlling against disease, pest and 
weeds should also be performed to ensure high 

yield efficiency in agricultural production. Loss of 
product due to plant diseases, pests and weeds is 
about 35 % in the world [1]. Lack of control can 
make this loss double folded [2]. Nowadays, 
pesticides are considered to be indispensable for 
more production from existing fields in all over the 
world [3]. The size of the pesticide market in the 
world is approximately $ 45 billion, while the 
market in Turkey is estimated to be approximately 
$ 600 million [4]. The pesticide market is 
composed of 41.5 % herbicides, plant growth 
regulators and growth inhibitors, 27.1 % 
insecticides, 21.5 % fungicides and 9.9 % other 
chemicals [5]. While 80 % share of the world 
pesticide market is in developed countries, the share 
of Turkey is 0.6 % [6]. Latin American countries 
are ranked top in terms of pesticides consumption, 
and these countries are followed by Japan, China, 
Malaysia and New Zealand [7]. The highest number 
of pesticide consumption in the EU is in the 
Netherlands and France, the countries with the least 
amount of consumption are Belgium and Finland. 
Examining the distribution of the chemicals used on 
products; we see that 24 % of the total chemicals 
have been used on fruit and vegetables, 15 % on 
cereals, 12 % on rice, 11 % on corn, 10 % on 
cotton, 8 % on soybean, 4 % on sugar beet, 2 % on 
rapeseed and 14 % on other products [8].  

Pesticide consumption is estimated to be 1.3 
kg/ha in Turkey [9]. Compared to above mentioned 
countries, pesticide use per unit area in Turkey is 7 
to 28 times lower. However, unlike many 
developed countries between regions and provinces 
in Turkey of pesticide use shows a heterogeneous 
structure [10]. According to data from 2013 year, 
pesticide consumption is 39.439 tons in Turkey 
[11]. In the Aegean and Mediterranean Regions the 
total pesticide consumption accounts for about 50 

pesticide in the East and Southeast Anatolia 
Regions of Turkey is only about 10 % [6, 12, 13]. 
According to the data of 2013, the world 
consumption of fungicides is estimated to be 
645.000 tons [5]. Also in Turkey, fungicide 
consumption is 16.248 tons, and 206 tons have been 

Considering the studies performed on pesticide and 
fungicide consumption in Turkey; a study has  
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FIGURE 1 
 

 
annually compared the average annual amount 

the 2001-2006 period. The study has concluded a 
substantially increasing average annual 
consumption of pesticides [15]. Consumption of 
pesticides was reported to be 12.199 tons in 2002 in 
Turkey, with an approximate 50 % growth in 2006, 
amounting to 18.258 tons, and an increase of 24.22 
% in 2007, amounting to 22.681 tons [16]. While 
many studies have been performed on the spatial 
mapping of the agricultural areas and products with 
GIS, there has been no study of the pesticides and 
particularly fungicide consumption in the spatial 
mapping and GIS in Turkey. In this study, the 
distribution of fungicide consumption amounts in 

agricultural purposes during the 2010-2014 period 
has been aimed to be mapped spatially by GIS. The 
study is the first of its kind in Turkey in this 
respect. 

 
 

MATERIALS AND METHODS 
 
Study area. 

been chosen as our study area. It is located in 
Turkey's Central Anatolian Region with a 5.392 
km2 land area and geographic coordinates of 

(Fig. 1). Total agricultur
province (333.160 ha) is about 8.9 % of the total 
agricultural area in Central Anatolian Region 
(2.965.124 ha). 68.4 % of these agricultural areas in 

other crops, 5.4 % for vegetables, 6.6 % for fruit 

and spicy crops and 19.6 % for fallow production. 

production, pumpkin accounts to 32.3% bean 
production accounts to 10 % of whole production in 
Turkey [11]. 

 
Data use. In this study, data for total 

consumption of fungicides for the 2010-2014 
period have been acquired from the records of the 

Directorate of Provincial Food Agriculture and 
Livestock [14]. 

 
Method. 

consumption, Arc GIS 10.3 (Arc Map) software has 
been used to make spatial evaluations. Inverse GIS, 
for mapping the spatial environment of fungicide 
consumption, and Inverse Distance Weighting 
(IDW) interpolation analysis techniques have been 
employed. This is the distance across the nearby 
data points that are based on the technical basis to 
have more weight. The land area has been 
established by considering the weighted average of 
sample points. IDW technique was used in the 
evaluation of the spatial total fungicide 
consumption. For determining the total fungicide 

Arc GIS 10.3 software has been used. IDW 
Interpolation analysis technique is used to spatially 
map the fungicide consumption in GIS. Equation 1 
is used for determining the surface distribution [17]. g

                                         (1) 



© by PSP  Volume 25  No. 7/2016, pages 2676-2681  Fresenius Environmental Bulletin  

2678 

Where; Pi is the property of location; i: Pj is 
the property at sampled location; j: Dij is the 
distance from i to j; G: number of sampled 
locations; n: inverse distance weighting power. 
 
 
RESULTS AND DISCUSSION  

 
The total amount of fungicide consumption for 

districts [14] has been provided (Table 1). 
According to distribution of total fungicide 
consumption per districts, the highest amount of 
cons (41.40 tons; 
35.90 tons; 32.0 tons; 31.20 tons; 34.30 tons 
respectively), while the lowest consumption level 

.50 
tons; 12.09 tons; 11.38 tons; 13.0 tons respectively) 
between 2010 and 2014. While fungicide 
consumption has reached its highest level in 2010, 

this rate has dropped to its lowest levels 
during 2012 and 2013, but this amount has 
increased in 2014 back to the level of 2011 (Table 
1).  

Changes in fungicide consumption per year 
are shown in Fig. 2. Examining the distribution of 
fungicide consumption per year, the highest amount 
of fungicide consumption was in 2010 by 250 tons, 
and this amount was decreased by up to 179.78 
tons, indicating a downward trend until 2013. 
However, the amount of fungicide consumption in 
2014 was 206.003 tons, and the amount of 
fungicide consumption in 2011 (210.50 tons) 
indicated similar levels (Fig. 2). 

Accounting for all of the districts, the spatial 
maps of the total amount of the fungicide 
consumption in GIS between 2010 and 2014 have 
been given in Fig. 3. According to the results of all 
spatial maps, the total amount of the fungicide 
consumption, particularly in the northern and north- 

 
 

TABLE 1 
Total consumption of fungicides from 2010 to 2014. 

 

  Total consumptions of fungicides (tons)  

Rank Districts 2010 2011 2012 2013 2014 

1  18.50 15.50 12.09 11.38 13.00 

2  20.50 16.50 13.00 12.10 14.60 

3 Avanos 36.00 31.70 27.10 26.90 31.30 

4 Derinkuyu 31.00 22.10 21.00 20.20 23.40 

5  34.00 30.50 27.00 27.40 31.50 

6  39.00 33.00 30.00 29.90 31.20 

7  41.40 35.90 32.00 31.20 34.30 

8 Ürgüp 29.60 25.30 21.10 20.70 26.70 
 
 
 

 
 

FIGURE 2 
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compared to other agricultural areas. These 
consumption levels have been shown to decrease 
towards the agricultural areas in the districts located 
in the southern and south- . 
While the amount of total fungicide consumption 
varies between 37.96 tons - 41.40 tons, in south-
western farmlands this amount varies between 
18.50 tons - 27.26 tons. In agricultural areas of the 

between 30.92 tons to 31.81 tons. When compared 

the total amount of fungicide consumption was 

northwards showed an upward trend when 
compared to 2010 consumption rates. Again 
compared to 2010 figures, the consumption rates in 
the southern and south-western agricultural lands 
displayed lower rates than those lands in the north, 
and this reduction intensified towards the district 
centrums, where the lowest figures have been 

ts. The 
highest amount of consumption has been observed 

 - 35.87 tons. The least 
amount of consumption varies between 15.61 tons-

Central districts. Surpassing the other agricultural 
areas, the 2012 consumption amounts was at the 
highest levels by 29.50 tons - 32.00 tons in 

northwest. The lowest level of consumption, on the 

located in southern and south-western parts of the 
province, and the figures ranged between 12.09 
tons - 14.66 tons. 2013 consumption levels 
displayed similarities with those of 2010, where the 

district, located in the north, surpassing the other 
agricultural areas, and an increase has been 
observed in the intensity levels of consumption in 

figures of 2010 and 2012. The maximum amount of 
 

districts, ranging between 28.50 tons -31.70 tons, 
while the lowest amount of consumption was in 

11.38 tons - 13.94 tons, the highest consumption 
intensity in 2014 year was seen similar to the 
northern area figures of 2011. Contrary to this, the 
highest density of consumption in 2010, 2012 and 
2013 years were seen in northern and north-western 
areas. It was determined that the intensity of the 
lowest consumption significantly in the southwest 
and in agricultural areas located in the Centrum and 

agricultural areas in the northern district located in 

 - 34.30 tons realized that the 
lowest intensity between 13.00 tons - 15.77 tons 
been seen in agricultural areas in the Centrum and 

 3). 

and districts was at the highest level (250.0 tons) in 
2010. This amount decreased by 2013, and after 
2011, the level dropped to 179.8 tons. In 2014, it 
has been determined that it reached 206.003 tons, 
again showing an upward trend in consumption.  

Looking at the studies conducted on the use of 
pesticides in Turkey, a study on determining the 
pesticides widely used for agricultural production in 
the province of Isparta and districts, has reported 
excess use of insecticides and also that, despite in 
lower amounts compared to insecticides, fungicides 
and acaricides are also among the preferred groups 
in the region [18]. It has also been reported that use 
of pesticides is on the increase, and particularly in 
the  Mediterranean and Aegean Regions, pesticide 
use is far above the average figures of Turkey, 
pesticide consumption would increase even further 
due to developments in crop production and new 
areas transforming to irrigated farming, and the 
study concluded that despite the fact that pesticide 
consumption is generally low in Turkey, the widely 
consumed pesticides do pose significant risks in 
terms of environmental and human health [19]. 
Regarding the use of chemicals in apple production 

have reported 77.5 % consisted of insecticides, 20.9 
% fungicides and 1.6 % acaricides. The amount of 
pesticides (1.28 kg/ha) used in Konya in 2010 was 
determined to be similar to the average in Turkey 
[21]. 

 
 

CONCLUSIONS 
 

Polyculture farming is the preferred method in 

fungicides are being used against the factors of 
disease in plants throughout agricultural activities. 
Fungicide consumption has been observed to be 

Ne
the province. Among the reasons for fungicide 

compared to other areas, we can point to the 
intensive existence of greenhouse farming 
activities. It is a known fact that air-borne diseases 
are observed in higher levels under greenhouse 
conditions than field conditions. In this sense, more 
fungicides are being used in greenhouse farming 
than field farming. Senseless as well as maximum 
dosage of fungicide application cause increased 
amounts of consumption in greenhouse farming.  
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FIGURE 3 
Spatial GIS mapping of total consumptions of fungicides between 2010 and 2014 years. 

 
 

In conclusion, the study on spatially 
evaluating the total fungicide consumption amounts 

GIS environment, recommends more effective 
training for producers in order to reduce the 
effective use and consumption of fungicides in 
agricultural production. The Integrated Pest 
Management (IPM), encompassing biological, 
cultural, physical, mechanical and chemical control 
methods against disease factors should be taken 

implementation in this regard should be increased. 
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ABSTRACT 
 

African sharp-tooth catfish known as Clarias 
gariepinus in international literature is the most 
common fish species in among freshwater fishes. 
We investigated levels of Al, Cu, Zn, Fe, Mn and 
Cr elements in muscle, liver and brain of C. 
gariepinus in different seasons. The fishes used in 
experiment was obtained in Ceyhan river basin 
where is situated the south of Turkey. This study 
was divided as winter group (n=4, female fish) and 
summer group (n=4, female fish). The organs used 
in experiment that include muscle, liver and brain 
tissues were incised. These organs were extracted 
and were analyzed by AAS (Flame Atomic 
Absorption Spectrometer) for determination of 
elements. The accumulation of Al element in 
summer is lower than winter in muscle tissue, but it 
is higher in the brain (p<0.05). The accumulation of 
Mn element in summer is higher than winter in 
brain tissue (p<0.05). The accumulation of Fe 
element in summer is lower than winter in only 
muscle tissue (p<0.05). However, the accumulation 

below the detection limit. According to obtained 
results from evidences, accumulation of determined 
trace elements in various tissues were determined 
statistically differentness as seasonal. As a result, 
we suggest that trace element levels may be 
changed in C. gariepinus tissues because of the 
change of its habitat conditions.  
 
 
KEYWORDS:  
Clarias gariepinus, trace element, muscle, liver, brain, 
seasonal variation. 
 
 
INTRODUCTION 

 
C. gariepinus known as African sharp  tooth 

catfish [1] is the most common fish species in 
among freshwater fishes [2]. C. gariepinus has 
faster growing ratio, an omnivorous nutrition habit 
and a resistance against environmental stress in 
high level in the recent years [3, 4]. African 

catfishes usually feed with insect larva and various 
invertebrates [5]. Moreover this species feeds with 

(Cu) that our studied one of the elements is found 
as +1 and +2 valency in biological systems and 
plays a role in the events of the oxidoreduction [7]. 
Cu is an element that is found very common in 
nature and is needed in trace amount for organisms 
[8].  It functions in osteogenesis, development of 
heart, myelination of spinal cord and tissue 
pigmentation [9]. Zinc (Zn) is biotic and significant 
element for humans, animals and plants. It is an 
essential element for growing, skin coherence and 
function, ovum maturing, immune system power, 
wound healing and carbohydrate, lipid (fatty), 
protein, nucleic acid synthesis [10]. In addition to, 
this element usually is found trace levels in aquatic 
environment and concentration of zinc increasing 
with originating from anthropogenic factor of 
industrial, mining and agricultural activities [11]. 
Iron (Fe) element is required for heme protein 
production in oxygen transport [12]. Fe is 
bioaccumulation of high level element in C. 
gariepinus species [13]. Aluminum (Al) causes to 
acute ion regulation, respiratory disorders and 
accumulation Al+3 in freshwater fishes [14]. 
Manganese (Mn) is found as +2 and +3 valency that 
has function as component of both enzyme and 
metalo enzyme [7]. These enzymes have a 
significant role in detoxification of unchained 
superoxide radicals in organisms [15]. Chrome (Cr) 
element has some form that is found as natural in 
rocks, animals, plants, soil, volcanic dust and gases. 
Most common of these element forms are Cr0, Cr+3, 
Cr+6 [16]. Behavior of chrome in alive organisms 
depends to oxidation level, chemical features in 
oxidation level and physical structure in its 
environment [17]. Cr level in air and water usually 
is low. Because of this, nutrients like fruits, plants, 
meat and ferment creates a significant kind of 
chrome which took by humans [16]. 
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TABLE 1 
Al, Cu, Zn, Fe, Mn and Cr quantities were quantified different in muscle, liver and brain tissues of 

African sharp-tooth catfish in winter (μg/g) (n=4). 
 

  ELEMENTS 
TISSUES VALUES Al Cu Zn Fe Mn Cr 

Muscle 

Min. 6,40 BDL 3,80 7,05 BDL BDL 
Max. 12,00 0,07 14,20 10,89 0,72 BDL 
Mean 8,9000 0,0175 8,1500 8,6375 0,1975 ----- 

SE 1,18181 0,01750 2,22467 0,81053 0,17495 ----- 

Liver 

Min. 5,00 6,72 20,20 61,80 1,35 BDL 
Max. 7,40 68,44 125,80 1401,80 5,00 BDL 
Mean 6,4500 27,2875 50,0500 530,0800 2,7275 ----- 

SE 0,58523 14,04735 25,45864 307,43143 0,85511 ----- 

Brain 

Min. 8,95 BDL 1,76 3,78 BDL BDL 
Max. 18,20 BDL 12,11 14,99 BDL BDL 
Mean 12,1825 ----- 4,9200 8,0300 BDL ----- 

SE 2,14873 ----- 2,42243 2,49113 BDL ----- 
*BDL: Below Detection Limit, SE: Standard Error. 
 
 
MATERIALS AND METHODS 

 
In this study, African sharp-tooth catfish (Clarias 
gariepinus) has been obtained four numbers in both 
winter and summer from drainage canals in 
Ceyhan-Adana/Turkey river basin.  
Preparation of Fish Sample to Trace Element 
Determination  
Muscle, liver and brain tissues of C. gariepinus was 
incised with the help of a sterile scalpel. Afterward, 
incised samples were left to dry in 45 degree 
incubator for 4  5 days. Seared samples were 
weighed in assay balance and weights of these 
samples were standardized to 0.5 gram. Then, 
weighed samples were placed to Teflon® 
(polytetrafluoroethylene) tubes conjunction with 1 
ml concentrated perchloric acid (Sigma-Aldrich, 
Germany) and 5 ml concentrated nitric acid 
(Sigma-Aldrich, Germany). Next, this acid mixture 
was waited one hour in order to interpenetrate to 
samples. Thereafter, Teflon® tubes had been placed 
to microwave solubilization device and had been 
interacted with 450 watt microwave in 15 minutes 
four periods. After these processes, solutions are 
filtered and 1 ml filtered solution is incased 
cylindrical graduates. Then, 9 ml distilled water is 
added on 1 ml filtered solution. After, prepared 
solutions are analyzed in flame AAS (Flame 
Atomic Absorption Spectrometer) [18]. 
Statistical Analysis  

IBM SPSS 21 program was used in statistical 
calculation. One  Way Anova Test was made to 
experiment results. On the other hand, Kruskal  
Wallis Test was made for determine to relation 
between metal accumulations and seasons. Then, 

degree of heavy metal values among studied organs 
[19]. 
 
RESULTS 

 
Research Findings. Al, Cu, Zn, Fe, Mn, and 

Cr quantities were showed respectively in muscle, 
liver and brain tissues of C. gariepinus species in 
tables. 
was in brain, and least accumulation is in liver in Al 
element. On the other hand, most accumulation in 
Cu element is in liver, but least accumulation is 
muscle tissue. Most Fe accumulation is in liver, but 
least accumulation is in muscle tissue and brain. 

below determine limit in any tissues. 

brain, but least accumulation in muscle tissue. On 
the other hand, most Cu accumulation is in liver, 
but least accumulation muscle and brain tissues. 
Least Zn accumulation is in brain. Least Fe 
accumulation is in muscle tissue and brain. Most 
Mn accumulation is in brain, but least accumulation 

determined due to it was below determine limit in 
any tissues. 

Al element in summer is lower than winter in 
muscle tissue, but it is higher in brain and these 
quantities are significant statistically (p<0.05). 
Moreover the accumulation of Mn element in 
summer is higher than winter in brain that this 
quantity is significant statistically (p<0.05). The 
accumulation of Fe element in summer is lower 
than winter in only muscle tissue and this quantity 
is significant statistically (p<0.05). However, the 
accumulation of Cr element c  
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TABLE 2 
Al, Cu, Zn, Fe, Mn and Cr quantities were quantified different in muscle, liver and brain tissues of 

African sharp-tooth catfish in summer (μg/g) (n=4). 
 

  ELEMENTS 
TISSUES VALUES Al Cu Zn Fe Mn Cr 

Muscle 

Min. 4,98 BDL 2,97 2,45 BDL BDL 
Max. 5,20 BDL 3,20 2,62 BDL BDL 
Mean 5,0750 ----- 3,0875 2,5300 ----- ----- 

SE 0,05188 ----- 0,05963 0,03629 ----- ----- 

Liver 

Min. 5,93 5,10 15,30 54,12 0,86 BDL 
Max. 6,32 5,23 15,80 56,80 1,13 BDL 
Mean 6,1125 5,1650 15,5675 55,6150 0,9850 ----- 

SE 0,08976 0,03227 0,10274 0,57454 0,05545 ----- 

Brain 

Min. 19,97 BDL 2,15 3,38 2,56 BDL 
Max. 20,34 BDL 2,34 3,67 2,70 BDL 
Mean 20,1950 ----- 2,2275 3,4900 2,6350 ----- 

SE 0,08026 ----- 0,04029 0,06646 0,02901 ----- 
*BDL: Below Detection Limit, SE: Standard Error. 

TABLE 3 
 Trace element quantity of muscle tissue, liver and brain (μg/g) in winter and summer so comparing of 

these seasonal quantity (p < 0.05). 
 

  ELEMENTS 
 TISSUES Al Cu Zn Fe Mn Cr 

WINTER 
(mean) 

Muscle 8,9000 0,0175 81,5000 8,6375 0,1975 BDL 
Liver 6,4500 27,2875 50,0500 530,0800 2,7275 BDL 
Brain 12,1825 BDL 4,9200 8,0300 BDL BDL 

SUMMER 
(mean) 

Muscle 5,0750 BDL 3,0875 2,5300 BDL BDL 
Liver 6,1125 5,1650 15,5675 55,6150 0,9850 BDL 
Brain 20,1950 BDL 2,2275 3,4900 2,6350 BDL 

p value 
Muscle 0,018* 0,356 0,063 0,000* 0,302 ----- 
Liver 0,589 0,166 0,224 0,174 0,088 ----- 
Brain 0,010* ----- 0,309 0,118 0,000* ----- 

(*) This symbol signs statistical significant difference of each parameter in tissues, BDL: Below Detection Limit. 
 
DISCUSSION AND CONCLUSIONS 
 

Heavy metals in low concentration get high 
concentrations with anthropogenic factor effects in 
natural aquatic environment and this condition 
causes to habitat changes, collective deaths or 
changes in biotic events [20]. Biological factors like 
chemical features, organic compounds, growth rate, 
diet and habitat selecting affect to accumulation of 
heavy metal in fishes [21, 22]. Heavy metal 
accumulation and toxic effects of these elements 
correlate with biotic and abiotic factors of 
environment were shown in previous studies [23, 
24]. 

In this study, Al element accumulation of 
fishes in winter was obtained least in liver. On the 
other hand, Al accumulation levels among tissues in 

Moreover according to relation between 
accumulation of Al element and seasons, muscle 
showed statistically significant decreasing (p<0.05), 
but brain showed statistically significant increasing 
(p<0.05). 

Accumulation of Cu element on below 
detection limit in brain was accepted least in winter 
and accumulation of Cu element on below detection 
limit in muscle and brain were accepted least in 
summer. On the other hand, Cu accumulation levels 

 
between accumulation of Cu element and seasons, 
decreasing in muscle and liver were not obtained as 
statistically significant (p>0.05), and Cu element 
accumulation of brain on below detection limit 

element values of muscle tissue in previous studies 
were lower than values of this study. These 
variations in results can be originated from 
terrestrial environments features, industrial, 
domestic and agricultural activities in environments 
of research areas. As a result, low Cu element level 
in this study shown less pollution in this area water 
than last time. [16, 25-27]. The accumulation of Zn 
element in brain was determined least in both 
winter and summer. In addition, Zn accumulation 
levels among tissues in w
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according to relation between accumulation of Zn 
element and seasons, decreasing in any tissues were 
not obtained statistically significant (p>0.05). The 
accumulation of Fe element in winter was 
determined least in brain, but in summer was 
determined in muscle tissue. In addition, Fe 
accumulation levels among tissues in winter were 

according to relation between accumulation of Fe 
element and seasons, only muscle tissue showed 
statistically significant decreasing (p<0.05), but 
increasing or decreasing in other tissues showed 
statistically insignificant (p>0.05). Accumulation of 
Mn element on below detection limit in brain was 
accepted least in winter and accumulation of Mn 
element on below detection limit in muscle tissue 
was accepted in summer. In addition, Mn 
accumulation levels among tissues in winter were 

to relation between accumulation of Mn element 
and seasons, decreasing in accumulation levels of 
Mn element in muscle and liver showed statistically 
insignificant (p>0.05). Accumulation of Cr element 

statistically. In among seasons, the accumulation of 
element was usually least in summer and most in 
winter. In among tissues, it was usually least in 
muscle tissue and most in liver tissue. On the other 
hand, in last studies, the accumulation of heavy 
metal in fish tissues was determined least in muscle 
tissue and most in liver tissue [25, 28, 29]. 

In this study, most accumulation of element 
was determined in liver tissue. Moreover according 
to study of Karadede et al. (1997), the accumulation 
of Cu, Fe and Zn elements in Mastacembelus 
simack in Atatürk Dam Lake was most in liver 
tissue [30]. 

According to study of Mendil and Uluozlu 
(2007), Fe element was most accumulated element 
in Silurus glanis, Capoeta tinca, Leuciscus 
cephalus, Carassius gibelio and Cyprinus carpio 
were obtained from Belpinari, Atakoy, Bedirkale, 
Akin, Boztepe and Avara lakes [31]. 

In this study, liver showed higher 
accumulation than muscle tissue in elements were 
obtained without Cr in both summer and winter. 
According to study of Dogan (2004) in Hatay, the 
concentration of heavy metals in Carasobarbus 
luteus were variable in skin, liver and muscle tissue, 
but metal accumulation in liver was more than the 
accumulation in muscle tissue [25]. 

As a result, the accumulation values of Al, Cu, 
Zn, Fe, Mn and Cr elements in this study are less 
than acceptable limit values in literature. Therefore, 

tissues of African sharp - tooth catfish. According 
to us, trace element accumulation level in same 
tissues which show statistically difference in 

different seasons can be originated from 
dietary value of water which is habitat of fishes and 
changes in habitat conditions. 
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ABSTRACT 

 
There has been a rapid increase of fish 

industries across the world in recent years. The 
conditions in the fish industries are often nasty with 
the continual generation of liquid wastes.  

Sequencing batch reactor (SBR) is a widely 
used activated sludge modification, working on the 
basis of filling, reacting, decanting, and settling 
occurred within the same reactor. In this study, fish 
processing wastewater was treated in a 5 liter 
cylindrical SBR. The effects of different sludge 
retention times (SRT) on the removal efficiencies 
on chemical oxygen demand (COD), total nitrogen 
(TN) and total phosphorus (TP) were examined. 
The SBR was fed with an organic loading rate of 
0.5 mg COD/mg Mixed Liquor Volatile Suspended 
Solids (MLVSS) at 10, 15 and 20 days of SRT. 
Daily two cycles consisting of fill, 
anaerobic/anoxic/aerobic, settle and decant steps 
were performed. Increasing removal efficiencies 
were observed with increasing SRTs. The highest 
system efficiency was obtained at 20 days of SRT 
with COD, TN, TP removal efficiencies of 73%, 
88%, and 89% respectively. The results suggested 
that fish processing wastewater could be 
significantly treated using SBR systems although it 
was not decreased to discharge standards. 

 
KEYWORDS:  
Sequencing batch reactor, fish processing wastewater 
treatment, sludge retention time 

 
 

INTRODUCTION 

 
Global commercial fish markets and fish 

farming has grown rapidly over a last few decades 
[1, 2]. Water is consumed significantly in fish 
processing industry that, 11 m3 of wastewater is 
produced per ton of fish processed [3]. Water 
consumption in a fish processing industry and high 
strength wastewater from such an industry are of 
great concern worldwide.  

The common processes in fish processing 
industries are filleting, freezing, drying, fermenting, 
canning and smoking [4, 5]. The wastewater 
quantity and quality of fish processing industries 
vary with materials used, the fish-processing 
technique and the final product [6]. Wastewater 
coming from a fish factory is generally high 
strength and mainly originates from cleaning 
operations and washing of raw materials, so it may 
contain; soluble, colloidal and particulate form of 
organic contaminants, proteins, lipids and salinity 
depending on factory and fish types [7-10]. It is 
difficult to characterize the extent of the problem, 
but it will be an inevitable consequence of water 
sources, so of fish, depletion of oxygen, if this 
wastewater discharged into receiving bodies of 
water [11-12].  

Among the different types of treatment 
options for these wastewaters, biological processes 
are the most appropriate ones since the 
biodegradable organic loading is high, the reagent 
costs are high and the soluble COD removal is poor 
in physico chemical treatment processes [5,7].  
Anaerobic treatment in ponds, activated sludge 
plants, and batch reactors are commonly employed 
options for fish processing industry wastewater 
treatment [4]. Aerobic processes such as activated 
sludge, rotating biological contactor, trickling filter 
and lagoons are also suitable for organics removal 
[4]. Most frequently, the biological treatment of 
fish-processing wastewaters is focused to anaerobic 
operations [4, 7, 10, 13-14].  

SBR has the advantage of being much more 
flexible than conventional activated sludge 
processes in terms of matching reaction times to the 
concentration and degree of treatment required for a 
particular wastewater. However, the system is not 
resistible to shock loadings, and monitoring and 
operating expertise is needed. Since, in Turkey, 

[14] in this sector was stringent, it has to be treated 
through a good management. The aim of the 
present study was to evaluate the treatment 
efficiency of an SBR system and investigate the  
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TABLE 1 
Characterization of fish processing wastewater. 

MONTH WEEK pH 
COD 
(mg/L) 

BOD 
(mg/L) 

TN 
(mg/L) 

TP 
(mg/L) 

TSS 
(mg/L) 

March 2010 

1 7.8 3702 2775 251 36 604 
2 7.7 3702 2775 251 36 604 
3 7.8 2735 2250 197 27 487 
4 7.9 2696 2125 258 31 407 

April 2010 

1 8 3788 2502 425 59 432 
2 7.9 3788 2502 425 59 432 
3 7.9 2610 2045 501 128 517 
4 8 2510 2155 207 23 467 

May 2010 

1 7.7 2395 2095 417 35 353 
2 7.7 2420 2035 568 32 390 
3 7.8 2700 2095 246 28 604 
4 8 3005 2235 196 23 702 

June 2010 

1 7.9 2911 2155 199 22 661 
2 7.8 2500 2050 216 26 667 
3 7.9 2311 1975 214 22 652 
4 7.9 2550 2100 222 19 572 

July 2010 

1 8 2865 2120 185 23 605 
2 7.7 2550 2040 192 20 705 
3 7.8 2450 2050 164 19 664 
4 7.8 2602 2105 215 19 669 

Average 7.8 2840 2209 278 34 560 
Std. D. 0.08 496.1 237.9 118.7 24.9 113.7 

 
effects of the sludge retention time (SRT) on the 
fishery wastewater treatment. 
 
 
MATERIAL AND METHODS 

 
Fish Processing Wastewater. The fish 

processing wastewater was collected from a 
fishprocessing factory located at the north of 
Kayseri, Turkey. The characterization of the 
wastewater used in the present work is given in 
Table 1. The SBR was inoculated with the sludge 
obtained from Kayseri Wastewater Treatment Plant 
(KWTP). 

 
Reactor design and operation. A bench-scale 

SBR reactor made of Plexiglas with 20 cm height 
and 15 cm diameter was used in this study. The 
volume of the reactor was 5 L with an active 
volume of 3 L. The schematic diagram of the 
reactor is shown in Figure 1. Real fish processing 
wastewater was used in this study. The startup 
period of SBR took 4 days for acclimation of the 
bacteria. The inoculum was taken from the return 
sludge of biological wastewater treatment plant of 
Kayseri, Turkey. The mixed liquor was kept in 
suspension via a magnetic stirrer at 1200 rpm 
during anoxic and aerobic phases. The aeration 
within the SBR was provided in the aeration period 

only by an aquarium pump (manufacturer: 
Champion, CX-0078) through a diffuser at a rate of 
2500 cm3/min. Feeding and decanting applications 
were done from the bottom and sludge level, 
respectively, by dosage pumps at a flow rate of 3 
L/h. The control of the phases was achieved by an 
automatic time set-up device.  

The SBR was operated at room temperature, 
changed between 20 and 25oC during the 
experiments. Dissolved Oxygen (DO) and pH were 
continuously monitored with a multi-parameter 
measurement device (Hach-Lange HQ40D). 
Operation was done at adjusted conditions for DO  
and pH; minimum 2 mg/L of DO during aerobic 
phase and 7 pH at all phases with 0.02 N sulfuric 
acid or 0.02 N NaOH solution. During the operation 
of the SBR, there were 2 cycles per day; each cycle 
was operated with 5 phases consisting of fill/draw, 
react, settle and decant. The phases can be 
discriminated depending on DO concentration in 
the reactor as anaerobic, aerobic, and anoxic 
periods. During the fill period DO concentration 
was less than 2 mg/L of oxygen, providing 
anaerobic conditions. And after aeration, it was 
anoxic period. The study consisted of 3 sets of 
trials, individually inoculated, each have the same 
operational conditions except for the SRT. The 
SRTs in Set 1, 2, and 3 were maintained as 20, 15,  
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FIGURE 1 

Schematic diagram of SBR. 
 
and 10 days, respectively. The first period of the 
cycle was anaerobic which took 4 hours. Aerobic 
period was 6 hours. It was half an hour to take place 
anoxic period, and finally settling and decanting 
periods were half an hour and one hour, 
respectively. Food to microorganisms ratio (F/M) 
was 0.5 mg COD/mg MLVSS. A constant amount 
of sludge was withdrawn from the reactor to 
maintain the constant SRT toward the end of the 
aerobic phase. Influent and effluent samples were 
analyzed for chemical oxygen demand (COD), total 
nitrogen (TN), total phosphorus (TP), total 
suspended solid (TSS), volatile suspended solid 
(VSS). 
 

Analytical Methods. COD of the samples 
was analyzed by closed reflux titrimetric method. 
TN and TP analyses were performed in accordance 
with the Standard Methods for the Examination of 
Water and Wastewater by using the standard 
analyze kit (Hach Lange) (APHA) [15].  TSS was 
also determined by standard methods (2540 D). To 
determine the biomass concentration, standard VSS 
measurement (2540 E) was applied [15]. BOD 
measurements were analyzed using respirometric 
method of standard methods [115]. 
 
 
RESULTS AND DISCUSSION 

 
Characterization of Fish Processing 

Wastewater. Table 1 summarizes the 
characteristics of fish processing wastewater. The 
pH was in the range of 7.7-8.0, in agreement with 

the literature. Fish processing wastewater presented 
a solid content in the range of 353  705 mg TSS/L, 
lower than the values reported by Riaño et al. [9] 
and Chowdhury et al. [4], who observed TS 
concentrations of 764-1460 mg/L and 2000 3000 
mg/L, respectively. The difference can be explained 
by such factors as differences in the composition of 
raw fish, unit processes and cleaning operations. 
COD concentrations were between 2311 and 3788 
mg/L, while BOD concentrations were in the range 
of 1975-2775 mg/L. The wastewater from fish 
processing operations has high BOD and COD [4]. 
N and P concentrations showed the following 
levels: 164-568 mg TN/L, and 19-128 mg TP/L, 
respectively. The high nitrogen levels are likely due 
to the high protein content (15 20% of wet weight) 
of fish and marine invertebrates [4]. Sometimes 
high nitrogen concentration is observed due to high 
blood and slime content in wastewater streams. 

 
Chemical Oxygen Demand (COD), Total 

Nitrogen (TN) and Total Phosphorus (TP) 
Removal. COD, TN and TP removal efficiencies 
for the fish processing wastewater during SBR 
treatment at three different SRTs at the same 
hydraulic retention time (HRT) were studied.  
Aeration rate, food to microorganism ratio (F/M), 
temperature and SRT are important parameters for 
the activated sludge system performance [4]. We 
evaluated the treatment efficiency of fish 
processing industry wastewater changing one of 
these parameters, SRT. The removal efficiencies 
were plotted for COD, TN, and TP in FIGURE 2 
(A-C).  
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FIGURE 2 
Removal efficiencies of COD, TN, and TP at 

 
 

For 10 days of SRT, COD concentration of the 
influent fish processing wastewater was 2409.5 ± 
218 mg/L, with 846 ± 135.1 mg/L for the effluent, 
which corresponds to a COD removal efficiency of 
65 ± 4.4% (Figure 2A). The influent and effluent 
TN concentrations were 191 ± 45 mg/L and 33 ± 
3.1 mg/L, respectively, corresponding to a removal 
efficiency of 83 ± 2.3% (FIGURE 2-B). The values 
of 20 ± 3.1 mg/L and 3 ± 0.4 mg/L were recorded 
for influent and effluent concentrations of TP, 
respectively, with a removal efficiency of 83 ± 
2.1% (Figure 2-C). It can be concluded from the 
results that the removal mechanism of the nitrogen 
and phosphorus are biological, since we used 
inoculum for biological growth, removal 
efficiencies proved that hypothesis.  

The influent and effluent COD concentrations 
were 2579.4 ± 381.6 mg/L and 747.9 ± 183.5 mg/L, 
respectively, for 15 days of SRT. The COD 
removal efficiency was 71 ± 5% as shown in Figure 
2- . TN concentrations were 215 ± 60.1 mg/L in 
the influent and 30 ± 1.8 mg/L in the effluent, 
providing a removal efficiency of 85 ± 2.5% 
(FIGURE 2-B). The concentrations of TP were 24 ± 
7.2 mg/L in the influent and 3 ± 0.5 mg/L in the 
effluent, with a removal efficiency of 86 ± 2.6% 
(Figure2-C).  

 
 

 

FIGURE 3 
Influent and effluent concentrations of COD, 

TN, TP, and TSS at 20 days of SRT 
 

Average COD removal efficiency for 20 days 
of SRT was 73 ± 9% (Figure 2-A). Influent and 
effluent COD concentrations were 1496 3788 
mg/L and 321 1667 mg/L, respectively (Figure 3-
A).  

FIGURE 3Figure 3-B indicates that the TN 
concentration was between 163 673 mg/L in the 
influent and 19 98.5 mg/L in the effluent, yielding 
removal efficiencies of 80 97% (89 ± 5% on 
average) as plotted in FIGURE 2-B. Initial and final 
TP concentrations were 16 78 mg/L and 2.0 12.5 
mg/L, respectively as shown in  

Figure3-C, with removal efficiencies of 81
96% (88 ± 4.5% on average) (FIGURE 2-C). TSS 
concentrations were also examined at 20 days of 
SRT and it was 460.4±190.7 mg/L in influent and 
86.0±28.4 mg/L at the effluent.  Although the 
removal rates were high for COD, TN, and TP 
parameters at 20 days of SRT, TSS removal rate 
was optimum at 15 days of SRT. 

Although N and P are normally present in the 
fish processing wastewater, their concentration is 
minimal in most cases [11]. That is because of 
higher removal efficiencies were observed for 
nitrogen and phosphorus than the COD. This 
finding showed that carbon is the restrictive 
element in this balance. 
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In this study, optimum sludge retention times 
for COD, TN and TP removal from fish processing 
wastewater were determined. Removal efficiency 
fluctuations were observed when weekly new 
wastewater was fed to the reactor. It was thought 
that this behavior was due to microorganism 
acclimation to the new wastewater whose 
characteristics changed weekly. The highest 
removal efficiencies for COD, TN and TP were 
observed in SRT of 20 days, which gave removal 
efficiencies of 73 %, 89 %, and 88 %, respectively. 
When the SRT was 15 days, the reactor also gave 
close results. These results suggested that fish 
processing wastewater could be effectively treated 
using SBR reactors with this high SRT of 20 days. 
In terms of wastewater treatment, several anaerobic 
and aerobic processes were studied by a number of 
authors. Riaño et al. [9] studied COD and nutrient 
removal from a fish processing wastewater using 
photobioreactors inoculated with microalgae at 23 
and 31oC. During that study, approximately 70% of 
COD and phosphate removals were achieved 
regardless of temperature, which is lower than the 
removal efficiencies obtained by the present work. 
In another study, Manetti et. al. [3] investigated the 
potentiality of reuse of fish processing wastewater 
by association between biological and chemical 
treatment. They reached high removal efficiencies 
89%, 99% and 98% for COD, PO4

-3 and NH4
+, 

respectively. Higher removal rates may be resulted 
by the coagulation-flocculation step after the 
biological treatment. According to Palenzuela-
Rollon et al. [5] the application of UASB system is 
a promising treatment option for fish processing 
wastewater. They determined the performance of 
UASB reactor for the treatment of mixed sardine 
and tuna canning effluent at varying lipid levels. 
They stated that at low lipid level (203-261 mg/L, 
9% of total COD), approximately 78% COD 
removal can be achieved. Alexandre et al. [7] also 
received similar COD removal efficiency, 79.9%, 
using UASB reactor treating fishery wastewater.  

Previous studies showed that biological 
treatment is the best option for such a wastewater. 
However, activated sludge extended aeration 
process need higher oxygen requirement compared 
to other treatment methods. More than 80% COD 
removal can be achieved with anaerobic fixed filter 
(AF) and anaerobic fluidized bed (AFB) reactor. A 
UASB reactor has also advantage which provides 
80 95% COD removal. In a study using a 
multistage Rotating Biological Contactor (RBC) 
reactor may be suitable for treatment of fish 
processing wastewater providing 97.4 % COD 
removal with an Organic Loading Rate (OLR) of 
18.44 g/m2 [12]. 

In an activated sludge process, the incoming 
stream is diluted in a completely mixed system and 

thus, it is more stable to perturbations, i.e., 
the reactor is more resistant to shock loads of BOD5 
and toxic compounds. In fishery-wastewaters the 
perturbations are peaks of concentrations of the 
organic load or flow peaks. The activated sludge 
process with biological denitrification is a popular 
technology satisfying stringent standards. The 
activated sludge technology is dominating over the 
bio-film process in the practical treatment of fish 
processing wastewater [4].  

The literature review showed that SBR has 
never used for the treatment of fish processing 
wastewater before. The removal efficiencies 
obtained by the current study were close to the ones 
obtained by the other studies [4] which indicate that 
the SBR treatment is suitable for the fishery 
wastewater treatment. Benefits of SBR are easiness 
in operation and simultaneous removal of carbon, 
nitrogen and phosphorus.  
 
 
CONCLUSION 

 
This study indicates that the SBR is a proper 

process to treat fish processing industry wastewater 
with high C, P, N content and blood ingredient. The 
study was performed to determine the effect of 
different SRTs on the treatment efficiency of fish 
processing wastewater using the SBR. The study 
showed that simultaneous carbon, phosphate, and 
nitrogen removal was possible with the system 
studied here.  During the treatment with three 
different SRTs, an increasing trend line on removal 
efficiencies of COD, TN, and TP were observed in 
terms of increasing SRT. In general, the system 
could achieve removal efficiencies of 56 89%, 80
97% and 81 96% respectively, for COD, TN, and 
TP. The COD, TN, and TP removal efficiencies for 
20 days of SRT were highest except the TSS with 
the removal efficiencies of 73%, 89%, 85%, and 
88%, respectively. This study suggested that the 
SBR process with 20 days of SRT could be 
efficiently applied to treat fish processing 
wastewater. However, an extensive study must be 
conducted to improve the management of this 
wastewater. 
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ABSTRACT 

This study was conducted to monitor the effect 
of ozonation at 0.4 ppm, UV-radiation at 254 nm and 
cooking at 100 oC on methomyl residues of spiked 
tomato juice. Ozonation of spiked tomato juice with 
methomy at 0.4 ppm was found to be the most 
effective treatment. Complete degradation of spiked 
methomyl at any of the studied concentrations level 
was achieved after 30 min of ozone treatment, while 
the reduction percentages of methomyl after UV-
radiation treatment for 30 min was 19.59%. On the 
other hand, cooking at 100 oC for 30 min led to 
reduction percentage of 72.63%. However, the 
reduction percentages of the studied methomyl were 
significantly increased with increasing time of 
exposure and were greatly affected by ozonation 
treatment. Methomyl was completely degraded after 
15 min of treatment at spiked concentration level of 
0.1 ppm, while reduction percentages achieved by 
UV-radiation and cooking at 100 oC treatments at the 
same concentration after 15 min were 9.23% and 
63.2%, respectively. 
 
KEYWORDS:  
Methomyl, Pesticide residues, Ozonation, UV- Radiation, 
Tomato juice. 
 
 
INTRODUCTION 

 
Tomato is one of the most common agricultural 

products in Jordan. It is the main component for 
several dishes in the Jordanian people diet. Around 
129535.9 donums planted with tomatoes in open 
fields and plastic houses by the year of 2011 to 
produce 777820.4 tonnes of tomatoes for local use 
and exportation [1,10, 11,23]. In addition, Jordan 
produced 2310 tons of tomato processed products 
like; tomato paste, tomato soup, tomato juice, and 
ketchup. The total produced and consumed amount in 

local market is 6181 tons/year and the per capita 
consumption of processed tomato products is about 1 
kg/year [2,10,23]. Agricultural activities are closely 
associated with intensive use of pesticides to control 
plant pests and to increase the yield of cultivated 
areas. Tomatoes have been treated intensively with 
pesticides to control pests especially Tuta absoluta 
and white fly. However, many of these pesticides are 
used in large quantities. Carbamate members 
(Methomyl one of these) was found to be an effective 
group of pesticides to control plant pests by contact or 
systemically. This group does not persist for a long 
time in the environment in comparison with organo-
chlorinated pesticides [3,12].  

Food and Agricultural Organization (FAO) 
database showed that in 2007 around 129.13, 1234, 
549, 1 and 426 tons of carbamate pesticides were 
used in Germany, France, Japan, Bahrain and Saudi 
Arabia, respectively [4]. Carbamate pesticides are 
classified by the Environmental Protection Agency 
(EPA) from moderate to highly toxic for humans. 
They affect the nervous system, which lead to acute 
toxicity, because they inhabit acetylcholinesterase 
enzyme (AChE), which regulates acetylcholine (ACh) 
neurotransmitter [6,25]. The excess ACh 
accumulation causes different signs and symptoms; 
convulsions, paralysis, coma, nausea, vomiting, 
diarrhea, salivation, sweating, blurred vision, 
hypertension, twitching, skeletal muscle [6]. On the 
other hand, some carbamate pesticides have a very 
high decomposition temperature up to 162 oC and 192 
oC for oxamyl and methomyl from the carbamates, 
respectively, [7, 8, 26]. 

In the recent years, the word attention has 
focused on the removal of pesticide residues by 
different treatments like; cooking, ozonation, UV-
radiation, washing and peeling. It is noticed that these 
treatments are of great benefits to have safe and 
healthy food. The objectives of this study is to 
examine the effect of ozonation at 0.4 ppm, UV-
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radiation at 254 nm and cooking at 100 oC on 
recovered amounts from spiked tomato juice with 
methomyl insecticide at different concentration levels 
for different periods of time. 

 
 

MATERIALS AND METHODS 
 
This study was conducted at Pesticides Residues 

Department in the Directorate of Plant Wealth-
Ministry of Agriculture, Jordan. 

 
Chemicals and reagents. Anhydrous 

magnesium sulphate (MgSO4, assay 99%) (Sigma-
Aldrich, USA), ashed at 500oC for 5 hours was 
carried out before usage to eliminate phthalates and 
remained water, acetonitrile (CH3CN, HPLC-grade, 
assay of 99.8%) (LAB-SCAN analytical sciences, 
Ireland), Acetic acid (CH3COOH, assay 99%) (J. T. 
Baker, USA), Acetone (C3H6O, GC-grade, assay 
99.8%) (LabChem, USA), Sodium chloride (NaCl, 
assay 99.9%)  (AVONCHEM, UK), Primary 
Secondary Amine (PSA) sorbent, with 40  60 μm 
particle size (Agela Technologies, USA), Methomyl 
pesticide (C5H10N2O2S, assay 99.5%) was purchased 
from (Sigma-Aldrich, USA), Ditalimifos 
(C12H14NO4PS, assay 97.5%) was purchased from 
(Sigma-Aldrich, USA) and was used as internal 
standard. 

 
Analytical method. sample preparation and 

extraction. The method for extraction of pesticide 
residues in food called QuEChERS (Quick, Easy, 
Cheap, Effective, Rugged, and Safe) based on the 
extraction by acetonitrile and partitioning with 
anhydrous magnesium sulphate was used for 
extraction of methomyl residues from tomato juice 
[9,5]. 

 
Tomato juice. Homogenized tomato juice 

samples were extracted follows: Ten grams from each 
of homogenised subsample was transferred into 50 ml 
Teflon centrifuge tube. Acetonitrile with 1% acetic 
acid solution was prepared on v/v basis (25 ml acetic 
acid in 2.5 L acetonitrile), solution A. Ten ml of 
solution A was added to the sample and was shaken 
by the Vortex mixer (Heidolph, Germany) for 1 min 
at low speed. Four grams of anhydrous MgSO4 and 1 
g of NaCl were added to the sample, and then 
vortexed again for 1 min. Ditalimifos of 0.5 ppm 
concentration was added as an internal standard. 
Finally, sample was vortexed for 30 s and centrifuged 
(Hettich, USA) at 3000 rpm for 5 min. By this step 
the sample extract ready for clean-up. 

Samples clean-up. The same procedures for 
clean-up were followed for tomato juice, 1 ml of the 

upper acetonitrile layer was transferred into 
10 ml centrifuge tube containing 25 mg PSA as 
sortbent and 150 mg anhydrous MgSO4, then it was 
vortexed for 30 s, as a final step the centrifuge tube 
was centrifuged at 3000 rpm for 5 min. The extract 
was transferred into 2 ml GC vial. 

Since acetonitrile is not compatible with NPD 
detector, it was replaced completely with acetone 
after flushing with nitrogen gas, and then the volume 
was adjusted to 2 ml with acetone. After that samples 
were analysed with GC-NPD (Agilent 6890N, USA) 
to determine the residues of methomyl. 

 
Gas chromatography conditions for 

determination of methomyl. The chromatographic 
system consisted of a gas chromatography equipped 
with nitrogen phosphorous detector, splitless injector 
and the capillary column HP-5 model No.19091J-413 
(Agilent, USA). with composition  of 5% Phenyl and 
95% methy lpolysiloxane, dimensions are 30 m 
length, 0.32 mm nominal diameter, and 0.52 μm 
nominal film thickness. The carrier gas was helium. 
The operating conditions were: injection volume of 1 
μl. The temperature program was: injector 
temperature 250oC, and detector temperature 300 oC 
[28]. The oven temperature program was modified to 
get the best response for methomyl as follows:  initial 
temperature 60 oC for 1 min; 5 oC min-1 to 90 oC for 
1 min; 20 oC min-1 to 150 oC for 1 min; 6 oC min-1 
to 270 oC for 1 min [28]. For data acquisition 
ChemStation software was used. 

 
Determination of detection Limits (DL). Three 

independent blank tomato juices samples that 
previously shown not to contain any residues, were 
separately extracted in the same day to get the amount 
corresponding to the desired pesticide retention time 
using GC-NPD. The mean values ( ) for the amounts 

of the six replicates and their standard deviation (SD) 
were calculated separately for each pesticide [28].  

The DL for methomyl was calculated according 
to the following equation [28]: 

)3( xSDXDL  

After determination of DL for each pesticide, a blank 
sample was spiked with this concentration and 
determined by GC-NPD.  

 
Blank test. This test was performed to make 

sure that the solvent and apparatus are free from any 
residues of methomyl. Ten ml of acetonitrile was 
placed in 50 ml Teflon centrifuge tube, and then the 
procedures for extraction and GC-NPD analysis were 
followed as described previously. 
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Recovery test. Blank tomato juice samples that 
are previously analysed and proven to be free from 
any carbamate residues were used to perform this 
test.Ten grams of homogenised blank tomato juice 
samples were placed in 50 ml Teflon centrifuge tube 
and spiked separately to obtain 0.1, 0.5, 1, 5, and 10 
ppm from methomyl. The extraction and clean-up 
procedures were preceded as previously described. 

This test was repeated three times for methomyl 
at the spiked amounts of 0.1, 0.5, 1, 5 and 10 ppm to 
assess the efficiency of QuEChERS method for 
extraction of methomyl.The recovery percentage of 
each pesticide was calculated according to the 
following equation: 

Recovery percentage (%) = (ppm pesticide 
detected/ ppm pesticide added) x 100 

 
Effect of tomato juice ozonation, UV-

radiation and heat treatment on stability of 
methomyl. To investigate the declining pattern in 
methomyl pesticides residues in tomato juice, the 
samples were treated as follows: 

 
Ozonation at 0.4 ppm. Five tomato juice 

samples (1 L each) (free from methomyl residues) 
were spiked with five different concentrations 0.1, 
0.5, 1, 5 and 10 ppm for methomyl.  Each sample was 
treated with 0.4 ppm ozone (Ozone generator, model 
ZA-BF-L, ZAET Fruit and Vegetable Washer, China) 
for 3, 5, 10, 15 and 30 minutes using the Fruits and 
Vegetables Washer. The effect of ozone treatment on 
methomyl was evaluated by analysing tomato juice 
samples before and after the treatment. The spiked 
tomato juice samples were held inside the cleaning 
chamber during ozone treatment. Samples were taken 
separately after 3, 5, 10, 15, and 30 minutes for each 
pesticide determination. Each sample was extracted 
by QuEChERS method and analysed using GC-NPD 
to determine the recovered amounts of methomyl in 
order to evaluate the efficiency of ozonation on the 
reduction percentages of methomyl with time. 
 

UV-radiation at 254 nm. Five tomato juice 
samples (0.5 L each) (free from methomyl residues) 
were spiked with five concentrations 0.1, 0.5, 1, 5 and 
10 ppm of methomyl.  Each sample was treated with 
UV- radiation model SC1 (Sterilight Ultraviolet 
Disinfection System, Canada) at 254 nm for 3, 5, 10, 
15 and 30 minutes. The effect of UV-radiation 
treatment on methomyl was evaluated by analysing 
tomato juice samples before and after the treatment. 
The spiked tomato juice samples were held between 
the outer stainless steel jacket and the inner quartz 
tube during UV-radiation treatment. Samples were 
taken separately after 3, 5, 10, 15, and 30 minutes for 
determination of each pesticide. Each sample was 

extracted by QuEChERS method and 
analysed using GC-NPD to determine the recovered 
amount of methomyl in order to evaluate the 
efficiency of this treatment in degradation of these 
pesticides with time. 

 
Cooking at 100 oC. Five tomato juice samples 

(1 L each) (free from methomyl residues) were spiked 
with five concentrations 0.1, 0.5, 1, 5 and 10 ppm of 
methomyl.  Each sample was heated up to 100oC 
using ordinary kitchen gas (Universal, Jordan). After 
100oC was reached five samples were taken after 3, 5, 
10, 15, and 30 minutes.  Each sample was extracted 
by QuEChERS method and analysed using GC-NPD 
to determine the amounts of methomyl left after heat 
treatment at 100 oC for several minutes on reduction 
of this pesticide. 

 
Control samples. Five tomato juice samples of 

the collected samples from the local market which 
shown not to contain any residues were used as 
control samples for ozonation at 0.4 ppm ozone 
concentration, UV-radiation at 254 nm and heat 
treatment at 100 oC after spiking with different 
concentration levels from methomyl pesticide.Control 
samples were spiked with 0.1, 0.5, 1, 5 and 10 ppm of 
methomyl and kept under room conditions for 30 min 
to investigate the effect of natural light exposure and 
room temperature on methomyl reduction 
percentages, samples were taken after 3, 5, 10, 15 and 
30 min for the determination of this pesticide.  

 
Extraction and GC-NPD analysis. The same 

procedures were followed for extraction and GC-NPD 
analysis as described earlier for determination of 
methomyl recovered amounts from spiked tomato 
juice samples after ozonation, UV-radiation and 
cooking at100oC . 

 
Statistical analysis. The design of the 

experiment was Complete Randomised Design 
(CRD) with three replicates. Mean values and 
standard error were calculated and analyzed. The 
obtained data were subjected to statistical analysis 
using MSTAT-C programme version 1.4, were Least 
Significant Difference test (LSD) was used at 0.01 
probability level.      

 
 

RESULTS AND DISCUSSION   
 
Blank test. All the blank tests did not show any 

residues of methomyl. These blank tests indicated that 
there were no contaminations due to reagents and/or 
equipment.  

 



© by PSP  Volume 25  No. 7/2016, pages 2693-2699  Fresenius Environmental Bulletin  

2696 

Control sample. The results of the analyzed 
control tomato juice samples showed that the 
maximum and minimum reduction percentages of 
methomyl at studied concentrations levels of 0.1, 0.5, 
1, 5 and 10 ppm for different periods of time 3, 5, 10, 
15 and 30 min were ranged from 0.098 to 0.984 ppm 
for methomyl.These values were very small in 
comparison with corresponding reduction percentages 
after treatments with ozone, UV-radiation and 
cooking. 

 
Detection limits (DL) and retention time. The 

results for the analysis of three blank juice samples in 
duplicate showed that the minimum detection limits 
were 0.0032 ppm for methomyl, and the retention 
time was 3.749 min. 

 
Detection limits (DL) and retention time of 

methomyl pesticide, using GC-NPD. The present 
study showed that the detection limits for methomyl 
was 0.0032 ppm using QuEChERS method for 
extraction and GC-NPD for determination. Delgado 
(Delgado et al. , 2001) found that the detection limits 
of methomyl were 0.006 ppm, using same method of 
extraction and determination of this carbamate 
pesticide from powdered potatoes. In addition, similar 
results were reported by [13,27,28], who showed that 
carbamates were directly and selectively detected 
using gas chromatography equipped with NPD 
detector with detection limits ranging from 0.003 to 
0.06 ppm. 

TABLE 1 
Recovery percentages of methomyl residues from 

tomato juice samples spiked with different 
concentration levels. 

 
Pesticide  Spiked amount Recovery %*± SE  

Methomyl 

0.1 96.7 ± 0.9 
0.5 97.2 ± 1.2 
1.0 96.4 ± 1.0 
5.0 96.9 ± 1.6 
10.0 98.2 ± 0.4 

* Values are means of three replicates.  
 

Recovery test. As shown in Table 1, the mean 
recoveries percentages from blank tomato juice 
samples of methomyl were ranged from 96.4% to 
98.2% for methomyl. Methomyl recoveries were 
found in the range of 96.4% to 98.2% for methomyl. 
Using GC-NPD and QuEChERS method for 
extraction. In agreement with these results, FAO 
[14,15] found that the recoveries for methomyl were 
> 90% for different commodities. Moreover, Glauner 
[16]  achieved 98.9 % recovery for methomyl from 
tomato fruits samples in a study performed to validate 

QuEChERS method for extraction of 313 
compounds in different commodities. 
 

Effect of tomato juice by ozonation. Methomyl 
reduction percentages achieved by ozonation at 0.4 
ppm treatment for all the spiked concentration levels 
of 0.1, 0.5, 1.0, 5.0 and 10 ppm in all the stages of the 
treatment after 3, 5, 10, 15 and 30 min were greater 
than that achieved by UV-radiation and heat 
treatment (Table 2). After 30 min of treatment, 
ozonation increased methomyl reduction percentages 
to 100%, UV-radiation did not increase methomyl 
reduction percentages more than 20% and heat 
treatment above 100 oC increased methomyl 
reduction percentages more than 60 % as shown in 
Table 2. His statistical analysis (Table 2) showed that 
there were significant differences (P  0.01) between 
methomyl reduction percentages after ozonation, UV-
radiation and heat treatment, for all the spiked 
concentration levels at 3, 5, 10, 15 and 30min. 
Methomyl recovered amount decreased significantly 
with time after ozonation treatment at 0.4 ppm to 
reach a concentrations that are below the EU-MRL 
after 30 min of treatment [12]. Methomyl reduction 
percentages were increased with increasing ozonation 
exposure time. More than 90% reduction percentages 
were achieved after 15, 10 and 5 min for methomyl. 
The ability of ozonation in reduction of these 
pesticides amount is related to the ability of ozone to 
generate hydroxyl radicals in aqueous solution, which 
are highly effective to decompose methomyl, so as 
the time of exposure increased hydroxyl radicals 
continued to be generated throughout the treatment, 
and more residues degraded. The present results 
agreed with the results obtained by several authors 
[17, 18, 19]. The authors concluded that ozonation 
treatment could be considered as an efficient 
treatment to remove high concentrations of pesticide 
residues if ozone generated continuously for a 
sufficient time of treatment. 

 
Effect of tomato juice UV-radiation at 254 

nm. It can be noticed from the results obtained from 
spiked tomato juices treated with UV radiation at 254 
nm that this method was not an efficient in removing 
methomyl, since the maximum reduction percentages 
achieved by this treatment were 19.59% after 30 
minutes of treatment. This was small reduction 
percentage in comparison with the corresponding 
reduction percentages achieved by ozonation and heat 
treatments. Furthermore, the recovered amounts 
remained higher than the maximum residues limits 
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TABLE 2 
Comparison between effects of ozonation, UV-radiation and cooking at 100 C for different periods of time on 

methomyl pesticide reduction percentages using GC-NPD. 
 

Treatment 
Spiked amounts (ppm) 

0.1 0.5 1 5 10 
3 min 

Ozonation at 0.4 ppm  63.265a**±1.50 58.836a±1.11 55.657a±1.57 47.847a±1.33 42.402a±1.88 
UV-radiation at 254 nm 1.031c±0.02 0.402c±0.52 0.847c±0.22 0.461c±0.42 0.465c±0.16 
Heat treatment above 
100oC

38.947b±0.83 38.205b±0.96 37.578b±0.36 34.209b±0.97 31.703b±0.94 

5 min  

Ozonation at 0.4 ppm  65.306a±1.02 60.291a±1.81 57.492a±1.93 49.989a±1.20 44.668a±1.17 
UV-radiation at 254 nm 3.093c±1.17 1.004c±0.31 1.164c±0.40 0.902c±0.23 0.890c±0.28 
Heat treatment above 
100oC

40.000b±0.65 40.084b±0.91 38.095b±0.36 35.967b±0.85 32.997b±0.51 

10 min 

Ozonation at 0.4 ppm  84.694a±1.84 79.418a±0.28 65.240a±0.96 63.627a±0.12 57.311a±0.25 
UV-radiation at 254 nm 6.186c±0.95 3.012c±0.20 2.328c±1.01 2.166c±0.29 2.086c±0.21 
Heat treatment above 
100oC

51.579b±0.28 52.401b±0.12 50.000b±0.38 48.198b±0.68 45.297b±0.82 

15 min 

Ozonation at 0.4 ppm  100a±0.00 91.476a±0.97 87.768a±0.32 84.730a±0.94 71.575a±0.75 
UV-radiation at 254 nm 9.278c±1.46 9.036c±0.61 4.656c±0.68 4.030c±0.31 3.934c±0.62 
Heat treatment above 
100oC

63.158b±0.20 62.839b±0.70 58.282b±0.68 55.793b±0.78 52.706b±0.64 

30 min 

Ozonation at 0.4 ppm  100a±0.00 100a±0.00 100a±0.00 98.770a±0.11 92.125a±0.90 
UV-radiation at 254 nm 19.588c±1.31 17.470c±0.77 15.450c±1.05 12.252c±0.81 10.235c±0.75 
Heat treatment above 
100oC

72.632b±0.38 71.608b±0.29 68.530b±0.29 65.092b±0.33 61.836b±0.28 

* Values are means of three replicates ± SE. 
**Means of reduction percentages within the same column for each time sharing the same letters in superscript are 
not significantly different using LSD test at 0.01 probability level. 
 
even after 30 min of treatment. An explanation to 
these results might relay on the fact that 
photodegradation is based on the absorption of light 
by the molecules, to be promoted to their excited 
singlet state. This process was slow and need 
sufficient exposure time of UV-radiation to cause 
hemolytic cleavage of C N bond to form radical pairs 
[20].The present results are also in agreement with 
results obtained by [21] results. Who noticed that 
methomyl reduction percentages in aqueous solution 
after 1 and 6 hours were 39.0% and 92.6%, 
respectively. 
 

Effect of heat treatment on tomato juice. Heat 
treatment of spiked tomato juice above 100 oC was an 
effective treatment to reduce methomyl amounts in 
tomato juice significantly, since the increased 
reduction percentages of methomyl was more than 
50% for all of the spiked concentration levels after 15 
min of treatment. Methomyl recovered amounts of 
spiked tomato juice at concentration of 5 and 10 ppm 
were not reduced below the European Union 
committee MRL of 0.2 ppm [12] after 30 min of heat 
treatment, which means that high concentration levels 

need more exposure time than low concentration 
levels to be reduced below the maximum residue 
limit. According to the present results, it was clear 
that the exposure time is an important factor in heat 
treatment for the reduction of methomyl, residues 
contents. 

The reduction in methomyl recovered amounts 
could be explained according to the processes that 
normally occur during cooking, which involve; 
volatilization, hydrolysis, and thermal breakdown of 
this compound [22]. The results of this study concur 
with the results described in the paper of Soliman 
[24]  concerning the persistence of methomyl on okra, 
after washing and heat treatment. Methomyl 
percentage of loss after washing with running water 
for 1 min followed by heat treatment for 5 min was 
81.5%.   
 

 
CONCLUSIONS 

 
The study of the effect of ozonation at 0.4 ppm, 

UV-radiation at 254 nm and heat treatment above 100 
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oC on spiked tomato juice results showed that 
Ozonation was the most effective treatment to reduce 
methomyl, spiked amounts significantly below the 
maximum residue limits, and it is time dependent. 
Heat treatment was found to be less efficient 
treatment than ozonation in reducing methomyl, 
spiked amounts, but more efficient than UV-radiation. 
UV-radiation was the least efficient treatment to 
reduce the spiked amounts of methomyl in tomato 
juice. Exposure time to the ozonation, UV-radiation 
and heat treatment was an important factor to reduce 
the spiked amount below the maximum residue limits. 
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ABSTRACT 
 

Cadmium uptake and localization in roots of 
Salix matsudana exposed to 1, 3, 6, 
12 and 24 h were investigated by means of 
fluorescence labeling and energy-dispersive X-ray 
analyses (EDXA) in order to promote our 
understanding of Cd-responsive mechanisms in 
woody plants. The results indicated that the main 
route of Cd entry at 1 h was initially through the 
elongation zone, and later extended to the 
meristem. After 24 h exposure most Cd were 
accumulated in the meristem. EDXA analysis 
revealed that Cd ions were localized in cell walls. 
The evidence of Cd toxic effects on roots of S. 
matsudana can provide valuable information on 
understanding better to the mechanisms of Cd 
accumulation and localization in phytoremediation 
investigations in woody plants.  
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INTRODUCTION 

 
Cadmium (Cd) tends to accumulate to high 

and toxic concentration due to modern agriculture, 
industry and anthropogenic activities [1 3]. There 
are nearly 5000000 acres of arable land 
contaminated by heavy metals in China, which has 
obviously upward trend [4]. It was reported that the 
concentration of Cd in soil near smelters in China 
was extremely high, up to 11.2-197.3 mg/kg [5]. Cd 
can easily be absorbed, transformed, and 
accumulated in plants tissues where root is the 
primary site of accumulation [6]. Cd in higher 
plants is taken up through roots where a major 
fraction of its deposits and only a small fraction is 
distributed to other plant tissues [6 7]. Cd toxicity 
in many nontolerant plants is reported to be 
associated with the disturbance of mitosis [8 9], 
toxicity of nucleoli [10 12] and inhibition of plant 
growth [13 14]. After Cd has been absorbed by 
roots, it can be deposited in various 
tissues. Knowledge about its deposition and 

distribution in tissue compartments can be gained 
through energy-dispersive X-ray analyses (EDXA) 
[15 16]. Plant roots are well known as the organs 
sensitive to environmental stresses [17].  

Salix matsudana Koidz is characterized by 
easy propagation and cultivation, large biomass, 
fast-growing, deep root system, high transpiration 
rate and tolerance to hypoxic conditions, making it 
potentially suitable for phytoremediation [18 21]. 
Recent study showed that Cd neither 
affected the phenotype nor the growth of S. 
matsudana [22].  

Cd toxic effects on Cd accumulation and 
localization root tissues of S. matsudana exposed to 

for different treatment times (1 to 24 h) 
were carried out by means of fluorescence labelling 
and EDXA. The data obtained can provide valuable 
information to understand better the mechanisms of 
Cd accumulation and localization in 
phytoremediation investigations in woody plants. 

 
 

MATERIALS AND METHODS 
 
Plant material and growth conditions. 

Woody cuttings (25 cm long) from one year-old 
shoots of S. matsudana were collected and fully 
rinsed with distilled water before starting the 
experiments. After dipping in distilled water at 
room temperature, ten-day-old healthy plants were 
transferred to half-strength Hoagland nutrient 
solution and grown for a week. Then they were 

Cd for 1, 3, 6, 12 and 24 h. 
Cadmium was provided as cadmium chloride 
(CdCl2). The nutrient solution consisted of 5 mM 
Ca (NO3)2, 5 mM KNO3, 1 mM KH2PO4, 1 mM 
MgSO4, 3BO3

MnCl2  ZnSO4 4

(NH4)6Mo7O24, adjusted to pH 5.5. Control 
seedlings were grown in the nutrient solution alone. 
The solutions were continuously aerated with an 
aquarium air pump every day. 

 
Fluorescence labeling of Cd. S. matsudana 

intact roots treated with or without 50  
3, 6, 12 and 24 h were stained using the Cd- 

(Molecular Probes, Life Technologies, California, 
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USA) in order to investigate the distribution of Cd. 
After the Cd treatment, the root tips were incubated 
for 10 min in 20 mM disodium ethylene diamine 
tetra-acetic acid (Na2-EDTA) at room temperature, 
and then thoroughly washed with deionized water. 
A stock solution of the Cd specific probe was made 

L of dimethyl sulfoxide (DMSO) to 
one vial of the dye. This stock solution was then 
diluted with 1:10 of 0.85% NaCl [23]. Root tips 
were immersed in diluted stock solution at 40 °C 
for 90 min in the dark, and then were washed with 
0.85 % NaCl three times. The fluorescence from 
labeled Cd in root tips was visualized under a 
Nikon ECLIPSE 90i confocal laser scanning 
microscope with excitation and emission 
wavelengths at 488 and 515 nm, respectively. Intact 
cells exhibit green fluorescence due to Cd specific 

. 
 
Sample preparation for scanning electron 

microscope. Elemental distribution in and 
composition of experimental plants was determined 
from samples of freeze-dried root materials. The 
samples of 1 cm length were cut from the root tips 
(as young root tissue including the meristem) and 
more basal parts of root tips exposed to 50 μM Cd 
for 24 h, and rapidly frozen in liquid nitrogen for 90 
min, and then put frozen samples into lyophilizer 
(Lyophilizer LGJ-10C, Sihuan, Beijing) 
immediately for 2 days. Cross-sections of the roots 
(about 1 mm) were coated by gold using the 
sputter/coater (EMITECH K550X, Quorum Group, 
England). The energy dispersive X-ray 
microanalytical studies were carried out using a 
scanning electron microscope (FEI Nova 
NANOSEM 230, Oregon, USA) provided with 
energy dispersive X-ray spectrum analysis (EDXA) 
(Genesis Apollo 10, EDAX, USA). The spectra 
were collected by 30 keV and X-ray detector 
equipped with a super ultra-thin window. The 
collection time was 120 s. The Cd composition in 
the roots was displayed as wt% (weight percent in 
relation to total elements). 

 
Statistical analysis. Data from this 

investigation were analyzed with Sigma Plot 13.0 
using means ± standard error (SE). For equality of 
averages the t-test was applied. Results were 
considered statistically significant at P < 0.05. 

 
 

RESULTS 
 
Cd distribution in different zones. The 

investigation on Cd absorption and distribution in 
the root tips of S. matsudana exposed to 50 μM Cd 
for 1, 3, 6, 12 and 24 h was carried out using the Cd 

Green AM dye. The 
fluorescent dye was loaded into the roots, showing 
different fluorescence intensity in the root tips 

times (Fig. 1). Fluorescence spectra were analyzed 
from line scanning of meristem and elongation zone 
in the root tips in longitudinal sections. There was 
no green fluorescence (Cd) in control root tips (Fig. 
1A1 A2). A little green fluorescence was found in 
the elongation zone of the root tips exposed to Cd 
for 1 h (Fig. 1B1 B2), indicating that Cd ions first 
entered in this area. A weak green fluorescence was 
observed and mainly distributed in the elongation 
zone of the root tips exposed to Cd for 3 h (Fig. 
1C1 C2). Then, the fluorescence labeling of Cd 
gradually extended down to the meristem zone. 
With prolonged treatment period (6  24 h), the 
labeling of the meristematic cells obviously 
increased (Fig. 1D1 D2; E1 E2; F1 F2). The most 
intense fluorescence in meristematic cells was 
noted after 24 h of incubation (Fig. 1F1 F2). Thus 
Cd ions were mostly localized in meristematic cells 
and uptake and accumulation of Cd increased with 
prolonged treatment time. The fluorescence density 
was analyzed by ImageJ software, confirming the 
observations mentioned above. The data showed 
that the root tips of S. matsudana under Cd stress 
could absorb Cd ions and that the amount of Cd 
increased (P < 0.05) with prolonged exposure (Fig. 
2), suggesting that meristem and elongation zone in 
the roots of S. matsudana under Cd stress was the 
main accumulation site for Cd. 
 

Subcellular localization of Cd. The data from 
EDXA reveal the subcellular localization of Cd in 
transverse sections of the meristem zone in S. 
matsudan exposed to 50 μM Cd for 24 h. 
Protoderm, ground meristem and procambium can 
be distinguished in very close proximity to the 
apical meristem (Fig. 5A). The Cd content of cell 
walls in the three zones of the roots exposed to Cd 
for 24 h was different, i.e., ground meristem (3.13 
Wt%) > procambium (1.44 Wt%) > protoderm 
(0.92 Wt%) (Fig. 3B D). 

 
 

DISCUSSION AND CONCLUSIONS 
 

Plant roots are sensitive to environmental 
stress. Plant tolerance to heavy metal stress can be 
estimated based on their root and/or shoot growth 
inhibition by the metal present in a nutrient solution 
[24]. Root apical meristems play a key role in the 
immediate reaction to stress factors by activating 
signal cascades to the other plant organs. To 
identify for Cd uptake in living roots, the 

has been successfully used to detect Cd in plant 
roots [16, 23, 25 26]. It has higher affinity for Cd 
than internal proteins [27] and is not sensitive to 
other divalent ions except for lead. The root 
meristem has been known as one of the most 
sensitive sites to Cd toxicity. In the present  



© by PSP  Volume 25  No. 7/2016, pages 2700-2706  Fresenius Environmental Bulletin  

2702

 
 

FIGURE 1 
 Micrographs of roots from S. matsudana exposed to Cd using LeadmiumTM Green AM dye at 

longitudinal section. A1 F1. Showing Cd detection images of the roots which were pre-
Cd for 0 (A), 1 (B), 3 (C), 6 (D), 12 (E) and 24 (F), respectively. A2 F2. Showing fluorescence labeling 

merged with bright field. All images were taken quadruple magnification, and green fluorescence 
represented the binding of the dye to Cd. Scale bars = 1000 μm. 

 

 
 

FIGURE 2  
 density from longitudinal section in S. matsudana the roots 

3, 6, 12 and 24 h. Values with different letters differ significantly from each 
other (n = 5, P < 0.05). Data are means ± SE. 
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FIGURE 3  
EDXA spectra taken from the site of the SEM micrographs, showing Cd localization in cell wall in 
meristem zone of S matsudana root tip cells exposed to 50 μM Cd for 24 h. A. Transverse section of 

meristem zone (Scale bar = 2  = . C. Ground meristem (Scale bar 
= . Protoderm (Scale bar =  Gm=ground meristem; Pc=procambium; Pt=protoderm. 

Red box site of the analysis; x-axis-energy [keV]. 
 

investigation, uptake and accumulation site of Cd in 
different plant root zones of S. matsudana under Cd 
stress varied depending on the treatment time. The 
main route of Cd entry at 1 h was found to be 
through elongation zone, but it extends down to 
meristem zone. The high level of Cd appeared in 
meristem zone after 24 h expose when compared 
with elongation, suggesting that the meristem zone 
in the roots of S. matsudana is a primary target of 
Cd toxicity. The results here support our previous 
observation that Cd was absorbed within hours in 
the root cells of Allium sativum exposed to Cd [28]. 

Heavy metal binding to the cell wall, chelation 
by organic molecules at a subcellular level plays an 
important role in detoxification of heavy metals in 
plant tissues [29]. Cell wall with negative charge is 
the first barrier protecting the protoplast from Cd 
toxicity and has significant capacity for Cd binding 
and retention [30]. Neumann et al. [31] indicated 

that the cell wall played a role in metal tolerance 
when the cell wall volume was high compared to 
the cytosol and vacuole. Cytochemical evidence 
also confirms that cysteine-rich proteins, commonly 
referred to as phytochelatins, were localized in 
electron dense granules in root cell walls of A. cepa 
[32], which seemed to contribute substantially to 
Cd detoxification. In the present investigation more 
Cd ion were observed in meristem zone in roots 
according to the observation from LeadmiumTM 
Green AM dye. The fluorescence probe can only 
identify the free Cd ions in tissues, which can not 
reveal the subcellular localization of Cd. However, 
data from EDXA in this work indicated that Cd 
exists in cell wall in the three zones of meristem 
region, protoderm, ground meristem and 
procambium, of S. matsudan root tips exposed to 50 
μM Cd for 24 h, confirming the presence of Cd ions 
in cell walls. Similarly, we also observed Cd ions in 
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the cell wall of root tip cells A. cepa under Cd stress 
using EDXA [15]. Thus, cell walls can prevent Cd 
from entering into the cell interior, and resulting in 
the reduction of Cd concentration in soluble 
fractions. Cell fractionation studies suggest that Cd-
sensitive plants have lower Cd concentrations in 
cell walls and higher vacuolar Cd concentrations 
than Cd-tolerant plants [33]. The tissue 
fractionation of Cd in S. matsudana roots was 
analyzed in the previous work, indicting that most 
of the Cd was present in the cell wall containing 
fraction, while middle and minor parts of this 
element associated with the soluble and cell 
organelle fraction (unpublished), which indirectly 
confirm the observation that Cd exists in cell wall 
in the three zones of meristem region, protoderm, 
ground meristem and procambium, of S. matsudan 
root tips. From what is indicated, we suggest that 
Cd integrated with pectates and proteins in cell wall 
may be responsible for the adaptation of S. 
matsudana to Cd stress, which is in line with the 
observations by Fu et al. [34] and Weng et al. [35]. 

Root tips of plants are the sensitive organ to 
environmental stresses. Excessive Cd has often 
caused poisoning and environmental contamination. 
The findings of the present study confirm that Cd 
ions can be mainly absorbed in meristem zone in 
the root tips of S. matsudana under Cd stress. Root 
apical meristems play a key role in the immediate 
reaction to stress factors by activating signal 
cascades to the other plant organs. There is a clear 
correlation between Cd content and cell damage in 
root tips of S. matsudana. EDXA analysis revealed 
that Cd ions were localized in cell walls, revealing 
that the characteristics of S. matsudana to Cd 
toxicity. The evidence of Cd toxic effects on roots 
of S. matsudana can provide valuable information 
on understanding better to the mechanisms of Cd 
accumulation and localization in phytoremediation 
investigations in woody plants. 
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