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SECTOR CONFLICTS IN A PROTECTED AREA:
KAPISUYU RIVER, KURE MOUNTAINS NATIONAL PARK,
TURKEY
Sevgi Gormus1,*, Dicle Oguz2, Hayriye Esbah3
1
Bartin University, Faculty of Forestry, Landscape Architecture Department, 74100, Bartin, Turkey
Ankara University, Faculty of Agriculture, Department of Landscape Architecture, Diskapi, 06110, Ankara, Turkey
3
Istanbul Technical University, Faculty of Architecture, Landscape Architecture Department, 34437 Taskisla, Taksim, Istanbul, Turkey,
2

ABSTRACT

INTRODUCTION

Land-use decisions are a significant threat to
biological diversity and landscape character. To
counteract the effects of these threats conflicts
between biological diversity and land-use decisions
must be identified. This study aimed to analyze the
social and spatial conflicts that occur due to landuse decisions in an effort to reduce the associated
threats. Based on the findings, we propose to
establish a balance between economic development
and environmental protection by drawing upon the
principle of sustainable land-use planning.
This study examined the social and spatial
conflicts between economy, tourism, and
environmental sector outcomes in the Kapisuyu
River Basin, Turkey, based on a conflict analysis
approach,using geographic information system
(GIS) and participatory rural appraisal (PRA)
techniques. Conflict analysis is the systematic study
of a given conflict that aims to gain a better
understanding of the causes of conflict, the actors
and stakeholders involved, and the societal changes
brought about by conflict. On the basis of land
survey data obtained as part of this study, we
include a discussion of the effect of legal loopholes
that cause conflicts, institutional obligations, and
the expectations of local residents related to
biological diversity. This study puts forward a
specific risk management approach that should
serve to alleviate the situation in the Kapisuyu
River Basin and a proposal based on conflict
analysis for how cooperation between local
management, experts, and residents can be
achieved.

Currently, the conflux of natural resource
management and land-use planning almost
invariably results in conflicting interests. The root
causes of such conflicts lie in the differences in
goals between the various interested parties and/or
the required coexistence of different and
incompatible entities [8, 13]. Accordingly, conflicts
can arise between individuals, groups, and
institutions, and at the local, national, and
international levels. There are many types of
conflicts. In recent years, however, spatial conflicts
between land use and the environment, along with
social conflicts between humans and the
environment have become the most significant.
Such conflicts had always existed even when
primitive hunter-gatherer societies collected what
food they needed using simple tools and hunting
techniques, without manipulating the environment
[16]. As humans began to establish permanent
settlements and as populations began to increase
with the advent of agriculture, conflicts between
humans and the environment became more
frequent, resulting in the creation of different
management models, concepts, and proposals
aimed at resolving such conflicts. Some of these
methods have gained widespread acceptance and
have been studied extensively. Chief among these
methods are those related to sustainable
development, land-use planning, and landscape
management.
Different groups often have different values
and priorities regarding the management and use of
natural resources, and disagreements and disputes
in such matters are common [18]. The management
of environmentally protected areas is in many ways
a form of conflict management, for which the
factors associated with conflict are the local
economy, and national and regional policies,

KEYWORDS:
Conflict Analysis; Participatory Rural Appraisal; Kure
Mountains National Park; Kapisuyu River Basin.
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strategies, and laws. The management of conflicts
between these factors is closely related to the
management of protected land. It is essential to
establish a consensus to manage such conflicts in
protected areas.
Although Turkey has important protected
areas with ecosystem services, it does not have an
effective management program for these areas.
Turkey has a serious problem achieving equitable
consensus for protected area management among
the Ministry of Energy and Natural Resources,
Ministry of Environment and Urbanization,
Ministry of Forestry and Water Affairs, and local
residents living in the vicinity of protected areas. In
Turkey, prospective investments in natural areas are
evaluated within the scope of the Environmental
Impact Assessment (EIA) Law [14], and public
participation is a key element, but in practice the
perspectives and demands of the investments and
managers are more important than those of local
residents. Moreover, EIA has serve but rather
listening local people, intend to dictation demands
of investment and managers to local people. On the
other hand, EIA evaluation is local base based; the
total effect of investment on ecological areas is
neglected. As a result, serious conflicts occur
between the various sectors and parties involved.
Conflict analysis is the systematic study of a
given conflict with the aim of discerning the causes
of conflict, the actors and stakeholders involved,
and the social changes that occur due to the
conflict. It is used to extensively study the profiles,
causes, actors, and dynamism associated with a
conflict. By clearly delineating the relationships
between each of these factors, conflict analysis can
be performed at any level. Owing to its results
describing context nature of the conflict, which
provide the right interventions, and positive or
negative forces, conflict analysis, is of great
importance. Conflicts are widespread in our society,
and some related analysis resolution for them plays
an important role in business, political, and legal
disputes, labor management negotiations, and
military operations[28]. Conflict analysis is a
necessary step in the negotiation process. The
principal goals of conflict are as follows: 1.
Highlight the presence of conflicts between actors;
2.Identify the actors in conflict; 3.Measure the
degree of conflict; 4.Obtain data that can be used to
manage the conflict and promote negotiation (for
instance, identifying concessions that actors could
make, exploring new alternatives [4], and identify
subgroups of actors with strong agreement [6] that

could serve as catalyst for consensus building [33].
Conflict analysis commonly makes use of indices
that measure the level of agreement among actors.
Conflict indices have been described for criteria
weights [33], alternatives rankings [10, 36] and
alternative performances [4, 6, 29, 39].
The use of conflict analysis for solving
conflicts is becoming more widespread in a variety
of disciplines. It is generally used for analyzing
social conflicts, but has been used in a number of
recent studies to analyze spatial conflicts. For
example, conflict analysis is used to identify the
spatial conflicts between vehicle and bicycle
circulation, and to address the dangers they posed
[38]. Giordano et al. (2013)adopted a conflict
analysis approach to studying underground water
[20]. Stepanova and Bruckmeier (2013)used the
method to examine the conflicts associated with
urban and rural resource utilization in coastal
landscapes [40]. The tendency toconflict analysis
for spatial conflict resolution is indicative of its
potential value for the integration of data and
approaches
for
multi-scale
environmental
management.
Zyang et al. (2012) used a geographic
information system (GIS) and multi-criteria
decision analysis to resolve conflicts associated
with land-use planning, and proposed a conflict
resolution framework for the resolution of conflicts
between different groups and land-use types [46].
Pawlak (2003) studied conflict analysis and
reported that conflict analysis is important both
theoretically and practically, and that conflict
analysis is useful for business, government, politics,
law, civil society, and the military [35]. FAO
(2003)evaluated conflicts associated with natural
resources management in protected areas in 12
separate case studies [18]. According to the EPA
(2007),the aim of conflict analysis on a basin scale
is not only to ensure the participation of the various
land-use planning stakeholders, but also to evaluate
the combined effects of natural- and cultural-based
physical, chemical, and biological risk points or
areas in an ecological zone [15].
Conflict analysis was systematically employed
in the present study on conflicts associated with the
Kapisuyu River Basin, Turkey, to better understand
the perspectives of local residents, and to obtain
strategic insights for improving the decisionmaking process. Local residents, Kure Mountains
National Park (KMNP) management, and the
Ministry of the Energy had differing perspectives.
Local residents required economic benefits and
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safety to alleviate poverty, KMNP management
wanted strict conservation, and the Ministry of the
Energy wanted to generate electricity and meet its
industrial development targets by transferring more
water to its hydroelectric power (HEP) plant.
The numerous stakeholders-specifically the
local government, regional government, local
residents, and NGOs operating in the region-and the
laws and institutions related to KMNP have
resulted in a bifurcated system that gave rise to
conflicts associated with land management in the
protected area. On the one hand, the goals of
conserving the biodiversity of the region and
promoting sustainable tourism (ecotourism) will
improve the living standards of the local residents.
In addition, 7XUNH\¶V national energy policy and the
promotion of HEP and mining. These 2 sets of
goals for the KMNP are at loggerheads with one
another, as any mining or HEP activity will likely
come at the expense of conservation efforts, and
thus the ecotourism sector.
Data gathered via human observation is
challenged in many respects, as the repeatability
and consistency of findings are questionable[3]. In
the present study land use and land cover in the
.DSÕVX\X 5LYHU %DVLQ were assessed via conflict
analysis, in terms of WKH UHJLRQ¶V biological
sustainability. In addition to identifying the
conflicts related to the environment, the economic
and tourism values of the region were also taken
into account. Despite the fact that environmental
conservation and economic development have
similar basic approaches to the sustainability of the
given area, their priorities are dramatically
different. This difference was observed in both rural
settlements within the KMNP planning zone and
the conservation area.
The aim of the present study was to identify
the spatial and social conflicts that have arisen as
the result of land-use policies and strategies in
KMNP and its vicinity, with a specific focus on the
case of the Kapisuyu River Basin. More
specifically, the objectives were to define the
interaction of the existing sectors in Kastamonu and
Bartin KMNP, and its periphery planning area, so
as to identify the conflicts between them based on
conflict analysis, to assess the effects of the
interaction of the environmental protection,
economy, and tourism sectors on local residents, to
deal with the spatial and social conflicts associated
with the management of protected areas, to clearly
understand the conflicts caused by land-use
decisions in protected areas, and to highlight the

need for a sector-based approach to foresee the
degree of the relations among conflicts and the
spatial and social conflicts that have arisen out of
different policies and strategies related to this topic.
Conflict analysis was used to identify the conflicts
caused by the national, regional, and ecological
strategies and policies in the KMNP Kapisuyu
River Basin (in local sense)with an emphasis on the
conflicts between local residents and those involved
in the management of the area.
To provide a comprehensive understanding of
this case this paper is organized as follows. General
considerations related to conflict analysis are
summarized
in
the
introduction
section.
Mathematical relationships about conflict analysis
are explained in the methods and materials section,
including GIS and SPSS, and the variables and
statistical methods used. The results section
summarizes the findings and shows the social and
spatial conflicts identified. The discussion section
highlights the need for collaborative planning for
the management of protected areas in Turkey.

MATERIALS AND METHODS
Study area. The study area was the Kapisuyu
River Basin (10,600 ha) in the Black Sea Region of
Turkey. The area lies within the boundaries of
Bartin and Kastamonu provinces (Figure 1) at an
altitude of 5-1,380 m. According to the land cover
map of Kapisuyu Basin [21], the dominant
landscape cover is forest, cultivated land, and
settlements comprising 13 villages. There are no
urban settlements in the basin. The villages within
the basin are regarded as forest villages, according
WR7XUNH\¶V Forest Law 6831 (2013),Forest villages
are considered villages that are entirely with a
forest area or forest edge [19].
The Kapisuyu River Basin is an important
area for cultural and natural transitions. It lies
within the protected area of KMNP and rural
landscapes act as a buffer to the KMNP.
The Kastamonu-Bartin Kure Mountains were
proclaimed a national park in 2000 and are
recognized as part of the temperate forests of the
Caucasus and Northern Anatolia, which are among
the 200 Ecoregions identified by the World
Wildlife Fund (WWF) and International Union for
Conservation of Nature (IUCN). In 1999 the World
Conservation Monitoring Centre (WCMC), the
WWF, and many experts identified over 100 forest
areas in need of urgent preservation, most of which
1335
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FIGURE 1
Location of the study area.

were located in the ecological regions of Europe
and its sXUURXQGLQJV $PRQJ WKHVH ³+RW 6SRWV RI
(XURSHDQ )RUHVWV´  DUH ORFDWHG LQ 7XUNH\ >@
The Bartin-KMNP covers an area 37,000 ha2, and is
1 of the 9 hot spots in Turkey.
The criteria for designating region as a
national park include old growth forests
(international importance), geological formations
such as caves and gorges (international
importance), fauna (international importance), flora
(regional
importance),
culture
(regional
importance), and recreation and tourism (regional
importance). Based on these criteria, the two
primary objectives of national park management are
the preservation of biodiversity, including wildlife
(e.g. large mammals and birds of prey), and the
protection of landscape and unique karstic
geomorphology (gorges, etc.). The most significant
threats to KMNP are local resident poverty and an
increase in landscape fragmentation in the park and
surrounding area due to economic development
[21,22]. The Ministry of Forestry and Water Affairs
launched a project in 1999[31] (Management of
National
Parks
and
Preservation
Areas:
Conservation of Bio-diversity and Rural
Development) with the financial support of the
United Nations Development Program (UNDP) and
the Food and Agriculture Organization (FAO). The
Kure Mountains Draft Development Plan was
prepared for the project, marking the first time that
a buffer zone was defined around a national park in
Turkey, and aimed to reduce threats to the
immediate surroundings of the park and safeguard
the biodiversity of the area. The KMNP Plan, which
was approved in 2012, divides the park into 5
regions:1.
Strict
protection
area;
2.Sensitiveprotection area; 3.Sustainableprotected

area;4.Controlleduse area. A buffer zone
surrounding these areas was defined where there is
rural settlement density [32]. The buffer zone
covers an area of 80,000 ha2, which when combined
with the area of the national park, encompasses
117,000 ha2.
The core area of the national park itself is
bordered by a range of cliffs and canyons that
include pristine and semi-pristine natural mixed
deciduous and coniferous forest. The global
significance of the biodiversity of the Kure
Mountains has been highlighted by its inclusion on
WKH ::)¶V OLVW RI (XURSHDQ IRUHVW KRWVSRWV IRU
conservation, and it is considered to be the best
remaining example of a forest containing both
deciduous and coniferous trees in the North
Anatolia Ecoregion, as well as the best remaining
example of the highly endangered karstic mountain
areas of the Black Sea Humid Forests ecotype [45].
The Kure Mountains are home to  RI 7XUNH\¶V
132 indigenous mammals, including such large
species as the gray wolf, brown bear, Eurasian lynx,
red deer, roe deer, and wild boar. The park and its
buffer zone are included on the list of 122
Important Plant Areas (IPA), and are also constitute
RQH RI7XUNH\¶V key biodiversity areas (KBA)
[2, 5, 42, 45].
Kastamonu-Bartin KMNP was chosen as an
extensification area/study area/application area in
2004 within the scope of the Biodiversity and
Natural Resource Management project, prepared in
cooperation with the World Bank, financed by the
Global Environment Fund (GEF), and implemented
by the Turkish Ministry of Forestry and Water
Affairs[5]. As a result ofbilateral negotiations
between the Ministry of Forestry and Water Affairs
and the PAN Parks (Protected area Network)
1336
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Let x and y be the factors in a universal set
(U), of which they are the elements of U.
Let a function v; U {-1, 0, 1}, or in short {±, 0,
+}, be given assigning to every agent the number 1,
0 or 1, representing effect x or y on v, or different
opinion, view, voting result about some discussed
issue, and meaning against, neutral and
favorable[35].
x If v(x) v(y) = 1, x=y.
x If v(x) v(y) = 0, RU[\.
x If (x, y) = ±1.
According to Pawlak (2005),
x If v(x,y) = 1, then x and y have the same
opinion about issue v (are allied on v);
x If v(x,y) = 0, then at least 1 factor (x or y)
has a neutral approach to issue v (is neutral on v),
x If v(x,y) = ±1, then both factors have
different opinions about issue v (are in conflict on
v).
These 3 basic relationships with U are defined
as follows[35].
x Rv+ (alliance), Rv0 (neutral),and Rv±
(conflict).
x Rv+ (alliance) is an equivalence
relationship. Each equivalence class of alliance
relationshipis a coalition with respect to v. This
condition can be expressed as, a friend of my friend
is my friend.
Formation of coalitions is a very import issue
in conflict analysis and many relevant findings have
been reported (Pawlak 2005).Conditions Rv0
(neutral) and Rv± (conflict) refer to the well-known
sayings, an enemy of my enemy is my friend and a
friend of my enemy is my enemy. Note, that in
these conflict and neutrality relationships there are
no coalitions[35].
Rv+U Rv0 U Rv±=U2 [\¼8
Every conflict situation is shown as a conflict
function G= (Rv+, Rv0, Rv±). Every conflict
situation is shown in a conflict graph (Figure 2).
Solid lines denote conflict, dotted lines denote
alliance, and neutrality (for simplicity) is not shown
explicitly in the graph. Of course, B, C, and D form
a coalition [35].
In this study, U is the Kapisuyu River Basin.
x, y, and z Factors: Economy sector,
ecotourism sector, and nature protection sector,
respectively.
v = Biodiversity (b).
The recognition and definition phase of
conflict analysis is the most important step for
identifying conflicts [9]. Accordingly, the technique
used for recognition and definition is also

Foundation, KMNP became the first national park
in Turkey to be a member of PAN Parks.
Data and Methodology. To identify
dominant sectors land surveys, a questionnaire
survey,and plans for the basin were evaluated. The
land-use map utilized in this study was derived
from RapidEye image data (5-m resolution), with
various areas classified as forest areas, agricultural
areas, and settlement areas. Digital geographic data,
including roads, waterways, villages, mining areas,
and important ecological regions (flora and fauna),
were collected from various government
departments and the KMNP Management Plan. In
addition, policies and strategies related to the study
area and KMNP were obtained from national,
regional, and local plans.
This study used conflict analysis to evaluate
the practices and sectors at a strategic level in the
protected areas of the KMNP and the surrounding
vicinity. What follows is a general framework of
the method used to identify the conflicts in the
region, and a proposed analytical approach that
could be adopted for conflict resolution more
generally. The resulting analytical approach may be
used in the future and developed for other national
parks and basin areas.
1. Conflict analysis: Many factors can lead to
disagreements over the management of a resource
or a piece of land, including differences in the
information different parties have available to them,
the particular approach the parties use for a
resource or piece of land, and the use of the
resource or land in question. A number of different
approaches have been used for conflict analysis,
with the aim to resolve such disagreements. For
instance, game theory, which proposes solutions
based on conflict analysis, is one of the most
important mathematical models [35].
Conflict analysis takes the form of a paired
comparison of universal sets and the factors that
have an effect on that set. The evaluations and
strategies used in paired comparison of these
factors are as follows [35]:
x The friend of my friend is my friend;
x The enemy of my enemy is my friend/the
friend of my enemy is my enemy.
2.Conflict theory. These strategies can be
summarized by means of the concepts of FRQÀLFW
theory in the following example:
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FIGURE 2
Conflict graph [35].
TABLE 1
Statistical analysis of different variables to identify conflicts.
Variable 1
Source of income
Distance of private land to KMNP
Threat to forests
Perception of KMNP management
Satisfaction with living within in KMNP
Problems faced with KMNP
Demands from KMNP
Participation rate for meeting about KMNP

Variable 2
Utilization from forest
Utilization from forest

Gender (male, female)

Statistical test
Crosstabs
Crosstabs
Frequency analysis
Frequency analysis
Frequency analysis
Frequency analysis
Frequency analysis
Crosstabs

FIGURE 3
Flowchart describing the process used to identify sectors and points of conflict.
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important. In the present study, a questionnaire
survey, participatory rural appraisal (PRA), and a
geographic information system (GIS) were used for
this purpose. For conflict analysis of the land-use
planning stage GIS and PRA were also used (Figure
3); 102 local residents and 13 village headmen were
interviewed, and the data obtained were analyzed
via SPSS, using crosstabs and frequency analysis
(Table 1).
GIS technology facilitates the production,
storage, analysis, and visualization of spatial data
[46]. In the present study, spatial equivalents of the
national, regional, and local strategies and
implementations were determined via the spatial
analysis module in ArcView v.10.1, using overlay
and intersection analysis (Figure 3). The
determination of how people on either side of the
conflict define themselves provides the social
dimension of the recognition and definition phase
of conflict analysis [9]. The PRA technique and
questionnaire survey used for conflict analysis
SURYLGHG DQ XQGHUVWDQGLQJ RI WKH ORFDO UHVLGHQWV¶
points of view and their effects on the conflict, and
of how the conflict affects them.
An evaluation of past, current, and future
policies and strategies, and their implementation in
relation to the study area revealed that the most
important factors associated with conflict were the
economy, tourism, and environmental sectors. As
the present study was carried out within the scope
of conflict analysis, each sector was represented by
a symbol in the conflict analysis, as follows:
 Economy Sector (E1),
 Environmental Sector (E2),
 Ecotourism Sector (E3).
The conflicts between these sectors and their
effects on the Kapisuyu River Basin were examined
in 2 domains: social and spatial. Spatial conflict
results from the relationship between unsustainable
land use and land cover decisions, and social
conflict results from the pressure and demands of
local residents, and central and local governments
on land use and land cover. Spatial conflicts have
the potential to lead to friction in the interaction
between the economy, tourism, and environmental
sectors, whereas social conflicts can lead to tension
(risk perception) in the interaction between the
economy, tourism, and environmental sectors in
FRPELQDWLRQ ZLWK ORFDO UHVLGHQWV¶ GHPDQGV
According to data obtained from GIS and PRA, the
different strategies and actions of the sectors led to
a state of conflict in which the spatial and social
elements were particularly dominant. Consequently,

2 types of conflict (spatial and social) were
identified.

RESULTS
Questionnaire
Results.
Among
the
respondents, 50.0% were male and 50.0% were
male, with a mean age of 60 years. In all, 24.5% of
the respondents were illiterate and 47.05% had only
a primary school education. All the females
reported that they did not participate in the meeting
about KMNP, whereas 9.4% of the males that were
village headmen reported that they did. The primary
source of income for the respondents was
retirement pension (62.7%), followed by agriculture
(11.8%), commerce (10.8%), employee pension
(4.9%), proletarian pension (4.9%),age pension
(3.9%), and disability pension (1%). In total, 67.6%
of the respondents reported that they foraged for
non-forest products (NFPs) (mushrooms, chestnuts
and other nuts, herbs, various forest fruits, etc.).
In response to an open-ended question about
the way their household benefited from KMNP,
almost 70.6% of respondents reported at least 1
benefit; the most frequent answer was gathering
wood and NFPs (39.2%), followed by gathering
NFPs (25.5%), gathering wood (2.9%), working in
the forest, and gathering wood and NFPs (2%), and
working in the forest (1%).
TABLE 2
Threats to KMNP.

Fire
Disaster
Illegal logging
HEP
Mining
Increase in wild animal populations
Landslides
Roads and wild animals
Mining and wild animals
Natural disaster and plant
Fire and natural disaster
Fire, natural disaster, and plant
Natural disaster, HEP, and mining
No threat
Total

Frequency
4
25
3
19
1
9
2
1
3
3
4
1
13
14
102

Percent
3.9
24.5
2.9
18.6
1.0
8.8
2.0
1.0
2.9
2.9
3.9
1.0
12.7
13.7
100.0

Respondents reported that their source of
income was agricultural benefits from KMNP
gathering NFPs (25%), and gathering wood and
NFP (50%). Respondents also reported that their
source of income was retirement pension benefits
from KMNP gathering NFPs (28%), gathering
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wood and NFPs (46.6%), and 80% reported that
their source of income was employee pension does
not benefit from KMNP and others (20%) gathers
NFPs. In all, 18.2% of respondents reported that
their source of income was commerce and 60%
reported that their source of income was proletarian
pension does not benefit from KMNP and gathering
NFPs (25%) and gathering wood and NFPs (50%).
All the respondents reported that their source of
income is age pension benefits KMNP. In terms of
proximity to KMNP and use of forest resources,
23% of respondents whose property was next to
KMNP and 50% of respondents whose property
was within 1-2 km of KMNP reported that they did
not benefit from forest resources. In all, >50% of
respondents considered natural disaster and HEP
plants threats to KMNP (Table 2).
In all, 23.5% of the respondents thought that
KMNP management was unsuccessful and 68.6%
had no opinion. In total, 35.3% of the respondents
reported that they were not happy living in KMNP,
10.8% were happy living in KMNP, 14.7% were
partly happy, and 38.2% respondents had no
opinion (Table 3).
In terms of KMNP management problems,
73.5% reported that they did not know KMNP
management, 11.9% reported that there were
problems with hunting, gathering NFPs, and wild

animals (5.9%) in KMNP, visiting to MP 1%),
infrastructure (1%) (Table 4)
In terms of future benefits from KMNP,
52.9% of respondents had no opinion, 20.8%
UHSRUWHG HFRWRXULVP  UHSRUWHG WKH YLOODJH¶V
branding, 8.3% reported ecotourism/economy
board, 6.3% reported ecotourism/economic
recovery, and 6.3% reported ecotourism and
increases in the use of wooden houses/terse
emigrate (6.3%). Board/wooden houses (6.3%),
board/ecotourism/wooden houses (4.2%), and all
(20.8%) (Table 5).
7KHUH ZHUHQ¶W DQ\ VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ WKH UHVSRQGHQWV¶ DQVZHUV FRQFHUQLQJ
threats to KMNP and future benefits from KMNP.
TABLE 3
RespoQGHQWV¶SHUFHSWLRQVRI.013
management and the degree of satisfaction living
in KMNP.

TABLE 4
KMNP management problems.
n
75
15
2
1
1
1
6
1

'RQ¶Wknow KMNP management
No problem
Wild animals
Hunting
Infrastructure
Visiting MP
Hunting/wild animals/NFPs
HEP

Percentage
73.5
14.7
2.0
1.0
1.0
1.0
5.9
1.0

TABLE 5
Future benefits from KMNP.
Organic farming
Ecotourism
The use of wooden houses
Economic recovery
Remigration (return migration)
The vilODJH¶VEUDQGLQJ
Prevention of illegal logging
Ecotourism and economic recovery
Organic farming, ecotourism, and economy
Ecotourism, economy board
Board/wooden houses
Board, ecotourism, wooden houses
Organic farming, board
Ecotourism, increased use of wooden houses, terse emigrate
All of the above
No opinion
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n
1
10
1
1
1
5
1
3
2
4
3
2
1
3
10
54

Percentage
2.1
20.8
2.1
2.1
2.1
10.4
2.1
6.3
4.2
8.3
6.3
4.2
2.1
6.3
20.8
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Conflicting sectors. The conflicting sectors
identified are as follows (Figure 4).
x Economy sector, including existing and
prospective roads, HEP plants, and mines;
x Ecotourism sector, including ecotourism
facilities foreseen in the National Park Management
Plan
x Environmental protection sector, which
facilitates the movement of animals, plants, or other
ecological processes, and comprise natural areas,
forests, and rivers in the KMNP.
According to conflict analysis, to identify the
effects of the sectors on biodiversity the
interactions between sectors must be understood.
These interactions helped to identify alliances and
conflicts. The sectors in conflict with each other

spatially, economically, and socially caused tension
between the local residents and KMNP
management. Spatial conflicts included land-use
conflicts, and social conflicts were related to
differences in demands from KMNP. The spatial
and social structure of each sector was important
because they affected the efforts of the local
residents, the management of the KMNP, and local
NGOs to maintain biodiversity conservation. Based
on analysis of land surveys, the questionnaire
survey, and statistical tests, and comparison of the
indicators of each sector, 2 types of conflict²
spatial and social²were identified. An analysis of
the spatial and social conflict matrix (Table 6)
facilitated the creation of a risk matrix (Table 7).

FIGURE 4
The conflicting sectors identified in the Kapisuyu River Basin.
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TABLE 6
The conflict matrix related to each sector.

Rivers

Environmental conservation indicators
Natural
Fauna
Soil
Landscape
Vegetation
Wildlife

HES
Mining
Expressways
Transportation
Gathering NFPs
Agriculture
Illegal logging

Economy indicators

Cultural structure of villages
Infrastructure of villages
Village roads

Ecotourism indicators

Hiking trails
Spatial and social conflicts

Spatial conflicts

No conflict

TABLE 7
The risk matrix related to the sectors.
Ecologic indicators
Rivers

Economy indicators

HES
Mining
Expressways
Transportation
Gathering NFPs
Agriculture
Illegal logging

Ecotourism indicators

Cultural structure of villages
Infrastructure of villages
Village roads
Hiking trails

High risk

Low risk

Soil

Natural
Vegetation

Fauna
Wildlife

Landscape

No risk

Based on analysis of the risk matrix, the
general risks were as follows (Table 7):
x Due to increases in agricultural,
shipbuilding, and other activities in forests areas,
the bio-diversity of the Kapisuyu River Basin has
decreased, with forest cover being most negatively
affected. The primary reason for deforestation is the
clearing of land for agriculture and settlements.
x All of the villages in the basin are forest
villages, with some located in the KMNP buffer
zone. Among these, some are located on the valley
floor, some on the sides of the valley, and some on
the mountainsides. Each type of settlement affects
forested areas differently. Forest fragmentation is
denser in mountain villages, as their agricultural
lands are more scattered and the inhabitants of these

villages harvest a number of goods from the forest
itself.
x HEP plants and functioning mines exert
spatial pressure on the ecological corridors,
interfere with trails used by local fauna, and cause
habitat fragmentation.
x The relationship between the wild animals
in the area and the economy sector is generally
overlooked, and the road network causes forest
fragmentation and landscape fragmentation.
x Ecotourism activity, local residents, and
topography all affect the connectivity of wild
animal routes. Ecotourists observe wild animals for
pleasure and knowledge, so, new roads/trails will
do. An increase in ecotourism has required
construction of more roads, resulting in an increase
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© by PSP

Volume 26 ± No. 2a/2017, pages 1333-1351

Fresenius Environmental Bulletin




in patch and wild animals being forced to
habituating the edge of patches. Risk to hunting of
OLYLQJ ZLOG DQLPDOV RQ SDWFK¶V HGJH LV PRUH DV D
result, the wild animal population is decreasing.
x Gathering of NFPs by local residents
negatively affects the wildlife, as it depletes their
food sources, forcing them to search for food on
agricultural land and in settlement areas, bringing
them into contact with people. An increase in the
frequency of contact between wild animals and
people poses a risk to the safety of both.

economy and environmental sectors cannot be
identified; for instance, there have to date been no
studies related to groundwater.
1.1. Interactions between the economy and
environmental conservation sectors. Economic
activity negatively affects the environmental
protection sector that provides the correlativity of
the landscape. The following risks associated with
interaction
between
the
economy
and
environmental sectors cause landscape and habitat
fragmentation (Figure 5a).
R-1.The basin, which is prone to landslides
and soil erosion, is home to an HEP plant and
mines at the junctions of rivers, constituting a threat
to wildlife due to water pollution. The catchment
basin covers a wide area and pollutants can disperse
very quickly. Another risk posed by the HEP plant
is a fall in the water level of Kapisuyu River. In
order to ensure the catchment area of the HEP plant
retains a sufficient volume of water, water is
diverted from the river to the HEP plant, which
results in depletion of the riYHUV¶ ZDWHUVXSSO\DQG
negatively affects the ecosystem and agriculture
along the river and at its delta.
R-2.Conversion of forest for agricultural
purposes increases soil erosion and the risk of
landslides.
R-3.Agricultural land and sand quarries exist
in areas prone to landslides and soil erosion. Silica
from sand quarries is transported to other microbasins after entering the river.

1.Spatial Conflicts. The basin is overseen by
numerous administrative units, including the
Director of KMNP (KMNP management), Director
of Forestry, Director of Culture and Tourism,
Director of State and Water Affairs, and there are
many conflicts related to their responsibilities and
duties. Additionally, the responsibilities and duties
of these administrative units do not coincide with
the expectations of the local residents, which
include improving inadequate infrastructure and
expanding ecotourism. Ecotourism activities are
very much shaped by the political and economic
priorities in the basin. Thus, whereas the
connections between the economy and ecotourism
are strong due to political priorities, their effect on
the environmental sector has been neglected due to
low political priority. Administrational conflicts
and economic activity result in spatial conflict,
which
changes
landscape
qualities.
The
environmental sector has come under pressure due
to economic and ecotourism activities (Figure5).
Productive capital (HEP and mining in
Kapisuyu River Basin) negatively affects natural
capital (economic benefits and wealth obtained
from KMNP) and biological diversity. The
unmanageable dimensions of potential natural
capital (especially in terms of ecotourism potential)
and the existing natural capital can result in
significant conflict between sectors. For instance,
NFPs, excluding wood, are important not only for
local residents, but also for the local wild animal
species. Accordingly, it is important to determine
the extent to which NFPs, excluding wood, can be
collected in a sustainable fashion. As such, the
regions in which NFPs are gathered and the
geographical distribution of wild animals that rely
on non-wood forest products for sustenance must
be determined. As the relationship between local
residents, and wild animals, food sources, and other
NFPs is unidentifiable, biodiversity is adversely
affected. It is apparent that all conflicts between the

1.2. Interaction between the ecotourism and
ecological/nature protection sectors. In order to
promote rural development, ecotourism activities
should be prioritized in the rural settlements of the
KMNP buffer zone, and accessibility to the area
must be increased. The most effective means of
accomplishing this would be to provide access to
the protection zone of KMNP; however, this is
likely to increase the risks to people, wildlife, and
the natural ecosystem (Figure5b). The protection
zone of KMNP contains dolines, natural forests,
and wild animals, all of which pose a risk to human
activity, whereas simultaneously humans pose a
risk to the natural ecosystem and wildlife.
Ecotourism activities, which will require
construction of new roads, will create a new market
in the area, resulting in an incremental reduction in
agricultural land in new residential areas and in the
collection of non-wood forestry products. This will
lead to fragmentation of the economic sector, which
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might be synergistically affected by the tourism
sector(Figure5b).

economy and tourism sectors work to the detriment
of each other in the KMNP region. The tourism
sector promotes the experience of the local scenery,
nature, and rural life, whereas the type of land use
promoted by the economic sector has a negative
effect biological diversity and diminishes the
beauty of the landscape (Figure5c).

1.3. Interaction between the economy and
ecotourism sectors. Ecotourism, when managed
effectively and sustainably, is increasingly
becoming a tool for conservation and improvement
of quality of life [7, 25, 26, 41]; however, the

a

b

c

FIGURE 5
Spatial conflicts between sectors.
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TABLE 8
Elements of social conflict.
Effects
Environmental effects
Visual beauty
Clean air
Recognition of nature
Economic effects
Money making
Branding
Infrastructure problems
Strengthening of forests
Unemployment alleviation
Psychological effects
Safety problem
Breakoff phenomenon

Economy sector

Ecotourism sector

Ecology sector

±
±
±

+
±
+

+
+
+

+
±
±
±
+

+
+
±
+
+

±
+
+
+
±

±
±

±
±

+
+

««FDXVHV
± ««FDXVHV

FIGURE 6
The level of conflict between the local residents and the economy, tourism, and ecological sectors.
2. Social conflicts. Social conflicts, which
include conflicts between the economy, ecotourism,
and ecology sectors, and are based on the
requirements of local residents and their evaluations
of the risks related to these sectors, reveal the role
of the residents of the area in the conflict.
Interviews with local residents (PRA) yielded
information about the demands of the local
residents, and their perceptions of various conflicts
(Table 8).Local residents accept the positive effects
of the ecology sector on their quality of life;
however, they also recognize its negative economic
and psychological effects due to its remoteness
from the city. Despite the fact that the NFPs offered
by the ecology sector constitute a large proportion
of the livelihood of the villages, they offer low
economic return due to problems with marketing.
Although there is potential for both national and
international marketing of NFPs, no such effort has
been made, which can be considered a problem of
management, awareness, and enterprise. As such,
local residents think that local employment and

economic development is dependent upon the
creation of factories in the area.
Economic activity among the residents of the
basin include agriculture, animal husbandry, and
shipbuilding; however, the collapse of shipbuilding
and subsequent decrease in the number of available
jobs has caused younger people to migrate to larger
urban areas. Moreover, the biodiversity of the
Kapisuyu River Basin has decreased as a result of
the local agriculture and shipbuilding, and shared
forests commons. The establishment of agricultural
land and settlements in rural areas has negatively
affected the forest cover.
Sustainability is related to the exhaustion of
natural resources in conjunction with the
management of risks to living things in the present
and future [24]. Economic progress and
environmental protection should be integrated in a
sustainable way [46]. The concept of sustainable
progress is used at a variety of different levels,
including rural areas, natural areas, and national
parks, and as such, in recent years sustainable
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progress has been accepted as an important
principle in land-use planning, in which the
definition of different types of land use is important
[30, 46]. In this regard land-use planning plays an
important role in the realization of sustainable
progress [43, 46]. These combined properties mean
that land-use planning requires the participation and
collaboration of relevant stakeholders and related
groups [27, 44], and the local ecology must be
taken into consideration at every step. In the case of
WKH .DSÕVX\X 5LYHU %DVLQ WKH OHYHO of conflict
between sectors has been identified and evaluated
based on spatial and social conflict analysis. Social
conflicts lead to spatial stress on ecological sectors,
and as a result, negatively affect the visual quality
of the forest landscape (Figure 6).
In the Kapisuyu River Basin economic
priorities have resulted in damage to protected areas
and their close surroundings, due to numerous
factors. Communication between local residents,
administrators, and civil society is problematic, as
relevant meetings in which demonstrations and
decisions are made are not held in the district in
question, and local authorities and members of the
public are unable to attend. This leads to social
conflict, as local residents are unable to share their
ideas related to the spatial and social aspects of
such decisions with experts. A lack of clear
objectives of the management plan and an inability
to address the economic-based concerns in the field
indicate that local strategies for the basin were not
addressed. Existing buildings (especially houses)
are not protected and are left to decay, and residents
of this region are forced into poverty. Development
of the economy sector of this region primarily via
investment in mines, HEP plants, and roads will
negatively affect ecotourism.
Ecotourism facilities may attract people to the
region; however, a negative public opinion in the
region can be a dangerous threat to the protection of
biodiversity. National strategies prioritize economic
and energy-based concerns over ecological
concerns. There are currently a number of projects
and plans related to mining and HEP plants in the
region. Local residents, however, do not benefit
from such forms of capital investment. By
evaluating the relationships between risk, action,
and reaction, it is possible to define areas that are
under pressure or open to pressure. River basins in
Turkey that contain surface and underground waters
are regulated according to Regulations for the
Protection of Groundwater against Pollution and
Deterioration (2012) [37],which states that a survey

of groundwater should be carried out, and potential
risks should be identified and evaluated. Spatial
conflicts in the Kapisuyu River Basin have been
identified in studies carried out as part of national
strategy and in land-use planning for the
development of local strategies. Social conflicts, on
the other hand, comprise risks that are dependent
upon whether or not local and national strategies
and projects meet the requirements of the local
residents.
In the Kapisuyu River Basin, between the
sectors, an evaluation of the data obtained from the
GIS, PRA and SPSS techniques within the scope of
conflict analysis strategies reveals a function that
indicates the significance of the effects of sectors
that affect the Kapisuyu Basin, b 8ĺ^±1,0,±1}.
x b(E1) b(E2) = ±1: E1 (economy sector)
exerts strong pressure on biodiversity and E2
(nature protection sector) has a neutral approach to
biodiversity; as such,E1 is stronger than E2 in
KMNP andE1 is opposed to E2 in KMNP
x b(E2) b(E3) = ±0: E2 (ecology sector) and
E3 (ecotourism sector) have different effects on
biodiversity. E2 (nature protection sector) has
caused conservation conflicts and social conflicts,
and E3 (ecotourism sector) might cause spatial
conflicts. E2 and E3 may support and develop each
other.
x b(E3) b(E1) = ±1: E3 (ecotourism sector)
and E1 (economy sector) have different effects on
biodiversity. Ecotourism that benefits local
residents may represent an opportunity for
protecting KMNP, but the economy sector has a
negative effect on KMNP. Due to pressure from
economic activity in KMNP, biodiversity has
affected as spatial; as such,E3 is opposed to E1 in
KMNP.
These 3 relationships in Kapisuyu River Basin
are defined as follows (Figure7):
x If E1 and E2 are enemies.
x If E1 and E3 are enemies.
x E2 and E3 are friends.
Even though the ecological sector is
considered the most important ecological system in
the basin, it is attributed minor importance by all
the relevant sectors. The economy and ecotourism
sectors have always been more important than the
ecology sector in the region. Based on other
examples of ecotourism in Turkey, it can be said
that ecotourism efforts are generally converted into
massive tourism activities and so it is necessary to
pay more heed to biodiversity.
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Conflict function: C = (E1±, E20, E3±)

E1

E2

E3
Alliance

Conflicts

FIGURE 7
Kapisuyu River Basin conflict graph.

state proceeds, landscape fragmentation, habitat
fragmentation, and the facts of biodiversity loss on
protected areas will increase.

DISCUSSION AND CONCLUSION
Discussion. The present findings show that
sector conflicts not only have decreased confidence
in the laws related to environmental conservation
and the managers in charge of such activity, but
have also increased the pressure on biodiversity.
Due to this lack of confidence, instead of
compromising on common goals and setting new
goals, differences in details are emphasized and the
level of conflict increased. Although residents of
the basin provide a large proportion of the
livelihood benefits through KMNP, they engage is
such activities as illegal hunting, logging, and
excessive gathering of forest products by taking
advantage of deficient management caused by
conflicts. Win-lose solutions are more prevalent
than win-win solutions to these conflicts for the
reasons described below.

3. Failure of Rural Development Goals.
Local residents of the protected area are those
regarded as the poor community of the rural
district. Although they are impoverished, they do
not follow KMNP management¶s advice about
investments that may stimulate economic recovery
(ecotourism, agro-tourism, branding, etc.). As a
result of the conflicts between local residents and
KMNP management, programs aimed at improving
quality of life and ecotourism part of the KMNP
long-term development plans cannot be carried out.
As this condition, will lessen the effect and the
importance of management plans, the long-term
development plan carries risks of being disregarded
by the managers in days to come.
4. Rural Poverty and Immigration. Local
residents of the protected area have been
immigrating at considerable rates due to
unemployment. Most of the locals are retired and
mean age is 56 and over. As the population in the
region of those aged××-×× years is insufficient for
investing and managing KMNP, ecotourism
activities may fail to develop, and the number of
HEP plants and mines might increase. The young
population living in cities spend their summer
holidays in their home YLOODJHV 7KH \RXQJ¶V
realization of .013¶V economic value may
facilitate conservation; therefore, efforts should be
made to promote ecotourism during summer.

1. Traditional Conservation Approach.
Although local residents consider KMNP as a
source of economic, cultural, and social benefits,
strict conservation rules of the traditional
management approach (top-down planning) result
in conflicts. In order to overcome these conflicts, it
is necessary for the stakeholders to participate in
management
and
conservation
effectively;
however, Turkey has not adopted participative
management policies becoming a current issue
during EU membership process.
2. Conflict between Planning and
Conservation
Goals.
There
are
some
inconsistencies between national development
plans, and the goals and strategies of protected area.
Moreover, inconsistencies between international
agreements and domestic laws also trigger
conflicts. International agreements are not legally
binding over domestic laws. In the event that this

5. Increase in Illegal Activity. Taking
DGYDQWDJH RI GLIIHUHQW VHFWRUV¶ SUHVVXUHV RQ
protected area, the local residents disregard the
UHVSRQVLEOHPDQDJHUV¶rules in KMNP. As a result,
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illegal activity (logging, hunting, bio-smuggling,
excessive gathering of NFPs) has increased.
6.Lack of an Open Mind. While some of the
stakeholders are predominant, the others are
abstainer in conflicts. While the problems
considering the national park are easily stated, the
DQVZHUV JLYHQ WR WKH TXHVWLRQV RI WKH SDUNV¶
management are in conflict with their acts. Lack of
open-mindedness may result in ongoing conflicts.
Ongoing conflicts pose a risk to all habitats.

integrated planning and implementation system that
incorporates the economy, ecology, and ecotourism
sectors, which will make it possible to decrease
rural poverty, improve quality of life, and protect
the landscape and biodiversity. Failure to integrate
ecological data into the landuse planning process in
a sustainable way can have a detrimental effect, and
therefore it is necessary particularly in rural and
protected areas for which sustainable progress is a
key objective.
Nonetheless, the most significant threat to
biological diversity in rural areas and protected
areas is a decline in connectivity between and
fragmentation of natural and semi-natural habitats
[23].According to the principles of landscape
ecology, reversing fragmentation is achieved via
correlativity. Achieving the necessary connectivity
for the prevention of or renovation of fragmentation
should be evaluated within the scope of land-use
planning. The management of such areas requires
that local species, biological communities, and
ecological processes be supported holistically. As
such, providing connectivity between protected
areas or within a basin is important for the
continuity of biological processes. Connectivity is
an approach that aims to establish continuity of
space and processes in land-use planning, and is
among the most important aspects of this approach
are corridors [1]. Accordingly, the corridor concept
must be considered for the implementation of
sustainable land use based on conflict analysis. In
order to protect biological diversity land-use
planning must focus on sustainability, and the
management and hierarchy involved in the land-use
planning process must ensure that conflicts between
relevant sectors are minimized so as to foster
cooperation.

7.Dilemmas Between Expectations and
Enterprises. Although one of the most important
expectations from KMNP is an increase in
ecotourism activity, their avoidance from the
investment shows their disbelief in both themselves
and management. This lack of confidence results in
their tendency towards other companies where they
are not in charge. As such, meetings with local
residents that are requested by the firms that can be
hazardous for the protected area and held within the
context of Environmental Impact Assessment pose
the risk of resulting in a positive manner.
The aim of this study was to obtain a better
understanding of the conflicts caused by land use in
KMNP and to highlight the need for a sector-based
approach to foresee the degree of the relations
among conflicts. Firstly, it was necessary to
identify the relevant the sectors and to foresee the
effects of sectorial studies in consideration of the
data related to the area. Identifying the local
residentV¶ WHQGHQF\ WRZDUGV VHFWRU SURYLGHV DQ
important basis to decide on the area. Consideration
of social and spatial conflicts is important for the
long-term effectiveness of land-use planning
decisions. Administrative conflicts are the primary
result of social and spatial conflicts. Spatial
conflicts between WKH VHFWRUV¶ VWDNHKROGHUV reduce
the quality of life for the KMNP local residents, and
also places significant pressure on the biological
diversity of the park. Moreover, administrative
conflicts result in stakeholders ignoring basic
protection rules. As biological diversity refers to
species, habitat, and landscape diversity, and the
role of each species in a protected ecosystem,
biological diversity can be regarded as the ultimate
goal of social and spatial conflict management
[34].Order to enable the sustainability of biological
diversity in the basin, it is necessary to anticipate
social and spatial conflicts regarding land-use
policies and attempt to eliminate them, and to not
depend solely on economic development.
Additionally, it is important to develop an

Conclusion. This conflict analysis study used
a land-use survey and questionnaire survey, and
was based on the ecosystem approach²a popular
protection strategy [12], is not only discussed on
the basis of ecological sectors but also for sectors
showing corridor feature, envisaged in the
Convention on Biological Diversity (1992)[11], in
an effort to reduce the effect of fragmentation in
protected areas. Analysis of the conflicts between
the ecotourism, economy, and ecologic sectors, and
the determination of their effects on biological
diversity and fragmentation in the studied river
basin shows that integration of local residents and
KMNP management is important for the protected
area. Because of the different approaches and the
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level of knowledge of sectors managements,
corporations and peoples, the implementation and
resolution of problems for this model takes a long
time and requires consistency in execution. Given
that policies related to KMNP favor the economic
sector and that corporations are closely involved in
the decision-making process and management of
the area, available spatial data are inadequate for
experts to make rational decisions, and the rural
economy is weak, with living standards on the
decline.
Conflict analysis in Turkey is assessed
according to EIA regulations; however, work
carried out within the scope of EIA cannot be
considered conflict analysis. Conflict analysis must
be based on binary comparisons aimed at
cooperation and solution generation. According to
EIA regulations, investment conflicts are
determined on a point basis; however, such a
system is not suitable for the resolution of conflicts.
Instead of defining the points of conflict associated
with KMNP and its immediate surroundings, it
would be more useful to define the spatial and
social conflicts across the entire region, following
the sector concept approach and conflict analysis.
Comprehensive conflict analysis that incorporates
the perceptions of local residents and an ecologic
approach to the entire KMNP region will contribute
to the implementation of the EIA process in
Turkey, and will lead to participation and
cooperation in many of the treaties and directives
set out by the European Union. Protected areas in
Turkey are generally overlooked by laws and
regulations related to the management of
investment plans and projects, and in the
management of protected areas, particularly the
.DSÕVX\X 5LYHU %DVLQ DQG .013 ZKLFK DUH RI
great ecological value due to the presence of
forestry, agriculture, and wildlife. It is impossible to
avoid conflict between the economy, ecotourism,
and ecology/nature protection sectors due to both
national and local political strategies for the region;
as such, ensuring that the principles of sustainable
development are effectively implemented is
difficult.
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trade name of Homidium Bromide; Dromilac and
chemical formula of C21H20N3Br. Ethidium
bromide is a nonvolatile, crystalline, dark solid and
is soluble in water which fluoresces readily with a
reddish brown color when it is exposed to ultraviolet
light [1-3]. Ethidium bromide is widely used as a
nonradioactive DNA stain to detect and visualize
nucleic acid bands in electrophoresis method and
perform other methods of nucleic acid separation [35]. Ethidium bromide is a potent mutagen and is also
very toxic at acute exposures. It is classified as a
potent mutagen [4, 6, 7]. Ethidium bromide can
be absorbed through skin, so it is important
to avoid direct contact with this chemical. It is an
irritant to the skin, mouth, eyes, and upper
respiratory tract [2, 6]. The U.S EPA does not
currently regulate Ethidium bromide as a hazardous
waste. Because of its highly mutagenic nature,
however, authorities either prohibit Ethidium
bromide discharges, or only allow it in very dilute
concentrations in municipal wastewaters [3, 6, 8].
Residual of Ethidium bromide remains after use in
the wastes and wastewater and enter life cycle due to
the various application of the chemical. Therefore,
some
level
of
treatment is
necessary
before being discharged directly into the
environment. Various methods such as chemical
oxidation [6], adsorption [6], XAD resin [9], mono
walled carbon nanotubes [2, 10], electrochemical
processes [4], photo catalytic processes [5, 7, 11],
etc. are used by researchers in the removal of
Ethidium bromide. Adsorption has been developed
as an effective approach for the removal of Ethidium
bromide [6]. In literature, only few methods such as
activated carbon and multi walled carbon nanotubes
have been used for the removal of Ethidium bromide.
Therefore, there is an urgent need to develop
inexpensive and more effective techniques. Pumice
is an effective, economical and easily available
worldwide adsorbents that has been widely used for
the removal of contaminants of water and
wastewater [12-20]. Pumice is a porous porosity
DERYH DQGOLJKWYROFDQLFURFN3XPLFH¶VSRUHV

ABSTRACT
Ethidium bromide is a strong mutagen and is
also very toxic at acute exposures. It is classified as
a potent mutagen. Therefore, the main aim of this
research is to study the efficiency of raw and
modified pumice in the adsorption of Ethidium
bromide from synthetic solutions. Initially, the
pumice used in the present study was kept in 0.1 N
HCl for 24 hours. Thereafter, it was washed
repeatedly with distilled water and was oven dried at
105°C for 24 hours. Then, the dried samples were
ground and were passed through 20-30 mesh sieves
with effective size of 2-3 mm. The floating method
was used to coat zinc and titanium dioxide
nanoparticles
onto
the
adsorbent.
A
spectrophotometer was used to determine the
concentration of Ethidium bromide based on the
absorption at the wavelength of 285 nm. The results
showed that as contact time increases, the adsorption
capacities of the three adsorbents also increase. The
equilibrium time was determined to be 60 min for
used adsorbents. The equilibrium adsorption data
tended to fit with the second pseudo order kinetic.
Adsorption rate constants (K2) for modified pumice
with TiO2 and ZnO were several times more in
comparison with raw pumice. The results showed
that by coating TiO2 and ZnO onto raw pumice, the
adsorption capacity and also adsorption rate were
significantly increased. Moreover, pumice modified
with ZnO showed a more adsorption capacity than
pumice modified with TiO2.

KEYWORDS:
Ethidium bromide, Natural pumice, Nanoparticles,
Adsorption isotherms

INTRODUCTION
Ethidium bromide (EtBr; 3,8-diamino-6phenyl-5-ethylphenanthridinium) is a chemical with
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to coat the ZnO and TiO2nanoparticles on it. The
pumice nanoparticles and modified pumice
nanoparticles were placed in a dry place to be used
for
the
adsorption
experiments.
Structure, morphology and surface properties
of
nanostructured particles and the functional groups
were studied.

are irregular in shape and generally not well
connected to each other inside. Pumice contains a
high percentage of silica in its composition
(approximately 60% to 70% SiO2) and typically has
a Mohs hardness of 5 to 5.5 [14]. Taking into account
these characteristics of pumice, the aim of the
present study were to evaluate feasibility of raw and
modified pumice in the removal of Ethidium
bromide from synthetic solutions.

Adsorption experiments. This experimental
study was carried out in batch manner in a 100 ml
Erlenmeyer flask placed on a shaker. Ethidium
bromide powder was used through the tests to
prepare desired concentrations of Ethidium bromide
solution. Doubled distilled water was used for the
preparation of stock solutions. Initially, 10 ml of the
sample with a desired concentration was added into
an Erlenmeyer flask and the pH of the solution was
adjusted using NaOH and HCl. Then, a desired
weight of the adsorbent was added into
Erlenmeyer flask and placed immediately on a
shaker. As the shaking time passed, the sample was
filtered through 0.45 μm Millipore filters. Then, the
concentration of Ethidium bromide was determined
in the filtered samples.
The effect of system variables such as initial
concentration of Ethidium bromide, adsorbent dose
and contact time were investigated.

MATERIALS AND METHODS
Preparation and characterization of the
adsorbents. Pumice used in the present study was
obtained from Tikmedash region in eastern
Azarbayejan province, Iran. The adsorbent was then
placed in HCl 0.1 N for 24 hr in order to increase the
porosity and removal of dirt. Thereafter, it was
washed several times with double distilled water
until the turbidity of washed water reduced to below
0.1 NTU. Then, the pumice samples were oven dried
at 105 °C for 16 hr. Later the dried sample was
crushed and sieved through the meshes 20-30 with
effective size of 2-3 to obtain smaller particle sizes.
After that, the pumice was modified with ZnO and
TiO2 nanoparticles. The floating method was used to
coat ZnO and TiO2 nanoparticles onto the adsorbent.
500 ml double distilled water was poured into a
beaker and 1 g of ZnO and TiO2 nanoparticles was
added and the mixture was shaken at 300 rpm for 30
min. Then, 100 gr of the prepared pumice was added
into the solution and agitated completely for 1 hr.
Thereafter, the powder was oven dried at 100 C for
24 hours. Finally, in order to obtain modified
pumice, the dried powder was placed into a furnace

Analysis. Concentration of Ethidium bromide
was measured spectrophotometerically at 285 nm
according to the Standard Methods for Examination
of Water and Wastewater [21]. The SEM test was
performed
for
adsorbents
morphology
determination. All the chemicals and materials used
in the study were purchased from Merk Company
and the results were analyzed by use of Excel.
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FIGURE 1
Effect of contact time (pH=2, initial Ethidium bromide=1 mg/l,
adsorbent dose=4 g/l, agitation speed=150 rpm)
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FIGURE 2
Effect of initial concentration (pH=2, contact time=60 min,
adsorbent dose=4 g/l, agitation speed=150 rpm)

and ZnO/P, the maximum adsorption capacities were
determined to be 0.29, 0.47 and 0.52 mg/g,
respectively which decreased to 0.067, 0.09 and
0.096 mg/g at dosage of 10 g/l. In the present work,
it was found that the percentage removal increases
with increase in amount of adsorbent dosage.

RESULTS AND DISCUSSION
Effect of contact time. Effect of contact time
on the removal efficiency is shown in Fig.1. As can
be seen from the figure, the adsorption capacities of
these three adsorbents increase with the increase in
contact time. The increase was significant until 60
min of reaction and then remained almost constant
for the remaining time which shows that, the
adsorption reached the equilibrium for P, TiO2/P and
ZnO/P adsorbents. The adsorption capacity of the
pumice significantly increases after modification of
raw pumice with ZnO and TiO2 nanoparticles.
Adsorption capacity was 0.071 mg/g for P at 60 min
which reached to 0.109 and 0.12 mg/g for TiO2/P and
ZnO/P after modification.

Adsorption kinetics. Adsorption kinetics
herein describes the rate of adsorption of Ethidium
bromide
onto
P,
TiO2/P
and
ZnO/P. The rate of adsorption
controls
the times required to reach adsorption equilibrium.
Pseudo first and second order models were used to
describe mass transfer rate of Ethidium bromide onto
P, TiO2/P and ZnO/P based on the adsorption data.
The linear form of pseudo first order equation can be
given as bellow:
Pseudo-first order equation: ݈ ݐܥ݃ൌ  ሺͳܭȀ
ʹǤ͵Ͳ͵ሻ   ݈Ͳܥ݃Eq. (1)
Where Ct is the residual Ethidium bromide
concentration at time t, C0 is the initial
concentration of Ethidium bromide and K1 is
the pseudo-first
order rate constant (1/min).The
linear form of pseudo second order equation can be
given as:
Pseudo-second order equation:
ଵ
ଵ
ൌ ʹ  Eq. (2)
େ୲
େ
Where K2 (mg/mg min) is the pseudo-secondorder rate [2, 22].
Fig. 4a and Fig. 4b represent the experimental
data and R2 values. Fig. 4a and Fig. 4b also show
pseudo first order equation and pseudo second order
equations, respectively. By considering R2 values, it
is apparent that these three adsorbents obey the
pseudo second order equation.

Effect of initial concentration. From Fig. 2 it
is apparent that by increasing the initial
concentration of Ethidium bromide, the removal
efficiency increase for the three adsorbents.
Inversely, adsorption capacities decrease. Moreover,
diffidence among removal efficiencies for the three
adsorbents is more significant at lower
concentrations in comparison with higher ones. So,
the percentage removal was 59, 89.4 and 96% for P,
TiO2/P and ZnO/P, respectively at concentration of
1 mg/l of Ethidium bromide.
Effect of adsorbent dose. The effects of
adsorbents doses on the adsorption capacity of
Ethidium bromide are demonstrated in Fig. 3. As can
be seen from the figure, an inverse relationship exists
between adsorption capacity and adsorbent dose at
this rate of progress. At dosage of 1 g/l of P, TiO2/P
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FIGURE 3
Effect of adsorbent dose (pH=2, initial Ethidium bromide=1 mg/l,
contact time=60 min, agitation speed=150 rpm)
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FIGURE 4
Ethidium bromide adsorption models onto raw pumice, pumice modified with TiO2 and ZnO.
a) Pseudo first order equation, b) Pseudo second order equation
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e
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FIGURE 5
a) Raw pumice before adsorption, b) Raw pumice after adsorption, c) TiO2/P before adsorption, d) TiO2/P
after adsorption, e) ZnO/P before adsorption, and f) ZnO/P after adsorption
uniform shape becomes available which totally
increase the surface area for adsorption. From these
figures it can be shown that the removal of Ethidium
bromide increases with increasing the contact time
until 60 min for these three adsorbents. At the
beginning of the process, the adsorption rate was
rapid and later it decreased gradually until 60 min.
The higher sorption rate at initial period can be
attributed to the increase of number of vacant
binding sites available on the adsorbent until all
these sites on the sorbent are saturated with no
further increase in uptake. This observation is similar
to that reported by Moradi et al and Ghaedi et al. [2,
23, 24]. The kinetic studies indicated that the process
obeys the pseudo second order model. This agrees
with the finding of pirsaheb et al. [25]. This can be
seen in R2 values which were 0.759, 0.94 and 0.95
for P, TiO2/P, ZnO/P, respectively. At the beginning
of the process, the adsorption rate was rapid and
reached the equilibrium gradually with the
proceeding of reaction. According to adsorption rate
constant (K2) in the present study, it is clear that
coating nanoparticles onto raw pumice significantly
increase the rate of adsorption. The values of K2
were found to be 0.59×10-2, 7.9×10-2 and 36.54×10-2
mg/g min for P, TiO2/P, ZnO/P, respectively,
signifying that adsorption rate of Ethidium bromide
by TiO2/P is 10 times as that of P and also the rate
for ZnO/P is 5 times than that of TiO2/P.
The results also clearly indicated that the

Scanning
electron
microscopy (SEM)
images of the adsorbents. Fig. 5 a, b, c, d, e and f
show SEM images of raw pumice before adsorption,
raw pumice after adsorption, TiO2/P before
adsorption, TiO2/P after adsorption, ZnO/P before
adsorption and ZnO/P after adsorption, respectively.
As the SEM images demonstrate, the high level
of nanopore and micropore spaces are available on
row pumice that could be excellent for pollutant
uptake (1) but by modification of raw pumice with
nanoparticles
significantly
changes
the
morphological heterogeneity of the surface and
creates more rough surface and non-uniform shape.
Moreover, modification results in an increase in the
number of surface pores. Fig. 5 b, d, f show images
of raw pumice, pumice modified with nanoparticles
after adsorption process. This increase in the number
of the molecules on the surface indicates the progress
of adsorption of Ethidium bromide onto the
adsorbents.
Fig.1 displays effect of contact time on the
adsorption of Ethidium bromide. As can be seen in
the figure, the adsorption capacities have
significantly increased after modification of the
adsorbents by ZnO and TiO2 nanoparticles. This can
be attributed to increased adsorbent surface area
and availability of more adsorption sites resulting
from the nanoparticles. Moreover, as SEM images
demonstrate, after modification of the adsorbents
with nanoparticles, more rough surface, and non1356
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ethidium bromide using boron-doped diamond
electrode.
Separation
and
Purification
Technology.
[5] Carbajo, J., Adán, C., Rey, A., Martínez-Arias,
A., Bahamonde, A. (2011). Optimization of
H2O2 use during the photocatalytic degradation
of ethidium bromide with TiO< sub> 2</sub>
and iron-doped TiO2 catalysts. Applied
Catalysis B: Environmental. 102(1), 85-93.
[6] Lunn, G., Sansone, E.B. (1987). Ethidium
bromide: destruction and decontamination of
solutions. Analytical biochemistry. 162(2), 4538.
[7] Adán, C., Bahamonde, A., Martínez-Arias, A.,
Fernández-García, M., Pérez-Estrada, L.,
Malato, S. (2007). Solar light assisted
photodegradation of ethidium bromide over
titania-based catalysts. Catalysis Today. 129(1),
79-85.
[8] EPA. Enviromental Health & Safety. University
of California at Irvine. (http://www.ehs.uci.
edu).
[9] de-Oliveira, M.W., Hilsdorf, A.W., de-Souza,
A.F., Oliveira, A.F. (2009). Estudo da adsorção
de brometo de etídeo em resina XAD-7. Quim
Nova. 32(5), 1134-8.
[10] Najafi, F., Norouzi, M., Zare, K., Fakhri, A.
(2013). Removal of ethidium bromide by carbon
nanotube in aqueous solution: isotherms,
equilibrium mechanism studies, and its
comparison with nanoscale of zero valent iron
as adsorbent. Journal of Nanostructure in
Chemistry. 3(1), 60.
[11] Adán, C., Martínez-Arias, A., FernándezGarcía, M., Bahamonde, A. (2007).
Photocatalytic degradation of ethidium bromide
over titania in aqueous solutions. Applied
Catalysis B: Environmental. 76(3), 395-402.
[12] Bailey, S.E., Olin, T.J., Bricka, R.M., Adrian,
D.D. (1999). A review of potentially low-cost
sorbents for heavy metals. Water Research.
33(11), 2469-79.
[13] Gupta, V. (2009). Application of low-cost
adsorbents for dye removal±A review. Journal
of Environmental Management. 90(8), 23132342.
[14] Karimaian, K.A., Amrane, A., Kazemian, H.,
Panahi, R., Zarrabi, M. (2013). Retention of
phosphorous ions on natural and engineered
waste pumice: Characterization, equilibrium,
competing
ions,
regeneration,
kinetic,
equilibrium and thermodynamic study. Applied
Surface Science. 284, 419-431.
[15] Karimaian, K., Amrane, A., Kazemian, H.,
Panahi, R., Zarrabi, M. (2013). Retention of
phosphorous ions on natural and engineered
waste pumice: Characterization, equilibrium,
competing
ions,
regeneration,
kinetic,
equilibrium and thermodynamic study. Applied

removal efficiency of Ethidium bromide increases
by 30% after modification of adsorbents. By
increasing the concentration of Ethidium bromide,
the percentage removal decreases, indicating that at
high-level concentrations of adsorbate molecules,
the available sites of adsorption become fewer. This
agrees with the finding of Moradi et al. [2], pirsaheb
et al. [25]. It is readily understood that by increasing
the adsorbent dose, the adsorption capacity
decreases. As the adsorbent dose increases, more
available adsorption surface area is provided.
Considering the fact that the number of adsorbate
molecules is the same, it therefore results in a
decrease in the adsorption capacity, but totally the
removal efficiency increases [26]. These results
agree with the findings of other studies [26, 27].The
number of molecular collisions of the pollutant with
the adsorbents increases as the agitation
rate increases, so an increase in agitation accelerates
the adsorption rate [26]

CONCLUSION
In general, the results of the present study
showed that by coating TiO2 and ZnO onto raw
pumice, the adsorption capacity and also adsorption
rate were significantly increased. Moreover, pumice
modified with ZnO showed a more adsorption
capacity than pumice modified with TiO2.
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in medium- and heavy-duty applications due to their
high power capabilities, low fuel consumption ratio,
high thermal efficiency, good durability and
economics. However, NOx and PM emissions from
GLHVHOHQJLQHVFDQ¶WEHUHPRYHGDVJDVROLQHHQJLQHV
with three-way catalytic converter. Thus, on the base
of existing technology of internal purification,
exploring advanced exhaust emissions aftertreatment system is the key to maintain diesel
HQJLQHV¶VXUYLYDODQGGHYHORSPHQW [1-3].
Now, there are a lot of diesel engines in China
domestic market which are equipped with traditional
mechanical fuel injection pumps. We call those kinds
of engines non-electronic control diesel engines.
Electronic control diesel engines have higher power
capabilities and reliability, lower fuel consumption
and noise, better emission levels than non-electronic
control diesel engines. However, non-electronic
control diesel engines in domestic market have a
higher share due to simple control strategy and
significant economic advantage [4]. Improving
exhaust emissions after-treatment system of nonelectronic diesel engine to meet the CN-IV and CNV standard, can greatly improve our domestic auto
modification industry and purify the atmosphere.
At this stage, diesel engines employ diesel
oxidation catalyst (DOC) / particle oxidation catalyst
(POC) and diesel particulate filter(DPF) to reduce
the exhaust emission of PM, and use selective
catalytic reduction catalyst (SCR) to deal with NOx
[5, 6]. Since the high price and complex control
VWUDWHJ\ '3) GRHVQ¶W ZLGHO\ XVHG LQ GRPHVWLF $W
the CN-IV stage, electronic control diesel engines
combine internal purification with after-treatment
system (DOC+POC/SCR) to meet the exhaust
emission standard [7].
Because of the fuel injection performance, it is
impossible for non-electronic control diesel engines
to purity PM or NOx with internal purification at the
CN-IV standard. So, non-electronic control diesel

ABSTRACT
An emission treatment study was conducted on
a typical non-electronic control diesel engine using
diesel oxidation catalyst (DOC)/ particle oxidation
catalyst (POC) / selective catalytic reduction catalyst
(SCR) combined system to expect the engine would
reach CN-V standard. The research was focused on
the selection and the arrangement of the treatment
units. The experiments results show that either
particulate matters (PM) or NOx but not in the case
of both can meet CN-V standard with only
DOC+POC or SCR system, however, both PM and
NOx can reach CN-V standard by employing
DOC/POC/SCR combined system. There is no
obvious influence on the pollutants conversion
efficiency with the different arrangement order of the
SCR and DOC+POC system. The passive
regeneration of POC can be fully achieved by
placing the DOC+POC ahead of the SCR system due
to the sufficient amount of NO2 in the exhaust which
can be utilized for PM oxidation, and also in this case
the hydrothermal aging effect on the SCR catalyst
could be reduced owing to the lower of the inlet
temperature. The backpressure of the combined
system can be less than 25 kPa through the
application of ceramic-based POC and optimal
design of the packaging structure.

KEYWORDS:
Non-electronic control diesel engine; Diesel oxidation
catalyst (DOC); Particle oxidation converter (POC);
Selective catalytic reduction (SCR); Combined emission
treatment system

INTRODUCTION
Diesel engines have become popularly utilized
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engines must rely on after-treatment system to deal
with exhaust emission. The study was conducted on
a typical non-electronic control diesel engine using
diesel oxidation catalyst (DOC) / particle oxidation
catalyst (POC) / selective catalytic reduction catalyst
(SCR) combined system to expect the engine would
reach CN-V standard.
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after-treatment system contains DOC, POC, and
SCR in this experiment. Table 2 shows some
parameters of after-treatment units.
TABLE 2
Parameters of After-treatment Units in
Experiment
Item

EXPERIMENTAL DESIGN
Experimental Engine. JX493 engines which
are equipped with traditional mechanical fuel
injection pumps are widely used in all kinds of
coaches and trucks and have high market share. The
experimental engine of the study is JX493. Some
parameters of the engine are shown in Table 1.

Parameter

Model
Number of cylinders
Cylinder arrangement
Displacement/ L
Intake type
Rated power/ kW
Maximum torque/ (N·m)
Maximum torque speed/ (r·min-1)

POC

SCR

Cordierite
2.48
400

Cordierite
4.48
300

Coating type

Pt-Al2O3
group

Pt-Al2O3
group

Cordierite
7.24
300
V2O5WO3/TiO2
group

Coating
amount/g·L-1

120

10

200

DOC can remove carbon monoxide (CO),
unburned hydrocarbon (HC) and soluble organic
fraction (SOF) of particulate matter (PM) emissions
in engine exhaust by catalytic oxidation. In DOC a
part of NO would be oxidized into NO2 which would
be used for post after-treatment system. Particulate
matters can be captured and oxidized when they go
through POC. The oxidation process in POC is
passive regeneration progress. Carbon particulate
matter reacts with NO2 in catalytic coating of POC
by the following formula [8]:
C+NO2ĺ&22+NO
The captured carbon particulate matter reacts
with NO2 to form CO2 which is discharged along
with exhaust gas and the reaction prevents POC from
blocking. DOC and POC always are used jointly in
practical application.
SCR system is used to remove NOx of exhaust.
SCR system utilizes ammonia (NH3) as the reductant
to convert NOx emissions to N2 and H2O by the
following reaction, where NH3 is resolved from 32.5%
aqueous urea solution injected at upstream of SCR
[ 9].
4NH3+4NO+O2ĺ12+6H2O
The study utilizes single and combined aftertreatment units system to do a series of tests to
compare the influence of different after-treatment
systems in engine emissions performance.

TABLE 1
Parameters of Experimental engine
Engine

DOC

Material
Volume/ L
Number/ CPSI

JX493
4
In-line
2.771
Turbocharging air-cooling
57
172
2000

FIGURE 1
Ketch of Test Platform
Experimental Platform Setup. Test platform
contains engine, dynamometer, after-treatment
system and exhaust test system, as illustrated in
Figure 1.
Horiba HD250 electronic dynamometer was
used in ESC and ETC exhaust test, at the same time
Horiba 7100D multichannel exhaust analyzer and
AVL SPC472 particle sampling system were used to
detect PM and NOx in exhaust emission in the study.

Experimental Method. According to
GB17691-2005 <Automotive Compression Ignition,
Gas Fuel Spark Ignition Engine and Exhaust
Emission Limits and Measurement Methods (CV- III,
IV, V) > requirements, the study based on engine
with different after-treatment systems conducts a
series of European stationary cycle (ESC) tests and

Experiment After-treatment System. The
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European transient cycle (ETC) tests to get and
record PM and NOx emissions. In order to improve
the reliability, each cycle test was performed three
times and employed average as the final result. The
study also analysed the exhaust gas temperature,
NOx emission and pressure drop to find the best
after-treatment combination of the engine.
CN-V diesel fuel was used throughout the test.
The laboratory conditions, intake system, exhaust
system, cooling system, lubrication system and
after-treatment system during test progress meet GB
17691-2005 standard.
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system covers the shortage of single after-treatment
system which can remove PM and NOx at the same
time. This section explores the influence about the
order of single after-treatment system in combined
system on exhaust emissions.
TABLE 3
Exhaust Tests Results of Original Engine and
Engine Equipped with Single After-treatment
Units g·(kW·h)-1
Item
ESC

EXPERIMENTAL
DISCUSSION

RESULTS

AND

ETC

original

DOC+POC

SCR

NOx

7.560

7.559

1.722

CN-V limit
2

PM

0.038

0.014

0.031

0.02

NOx

7.536

7.536

1.717

2

PM

0.055

0.021

0.046

0.03

TABLE 4
Exhaust Tests Results of Combined Aftertreatment System g·(kW·h)-1

Single After-treatment System Exhaust Test.
In order to have a full view of engine exhaust
performance and the ability of single after-treatment
system dealing with pollution, the article conducts
exhaust test of engine without after-treatment system
and also respectively equipped with DOC+POC or
SCR after-treatment units. The results are shown in
Table 3.
As shown in the table, both PM and NOx
emissions of original engine are higher than CN-III
limits, so the engine must rely on after-treatment
system to reduce the emissions. PM emissions of
engine with DOC+POC decrease observably with
PM capture efficiency of 63.15% in the ESC test and
61.82% in ETC test. Both tests results meet the PM
limit of CN-V. However, NOx emission is same to
original engine because DOC+POC has little
influence on NOx. As 1.3 section said, the catalyst
coating of DOC and POC only can change the ratio
of NO and NO2 to prove passive regeneration in
POC, but not remove NOx.
NOx emissions of engine equipped with SCR
decrease by a large margin. NOx conversion percent
is 77.22% in the ESC test and 77.21% in ETC test
and both tests results meet the NOx limit of CN-V.
At the same time PM emissions decrease in some
degree with PM capture efficiency of 18.42% in ESC
test and 16.36% in ETC test in SCR. It was reported
that the catalyst coating of SCR can oxide SOF in
exhaust emissions as DOC which leaded to decrease
PM emissions [10]. However, particulate matters
FDQ¶W EH FRQYHUVH E\ FDWDO\VW LQ 6&5 VR WKDW 30
HPLVVLRQVFDQ¶WUHDFK&1-V limits finally.

Item
ESC
ETC

DOC+POC+SCR

SCR+DOC+POC

NOx

1.723

1.719

PM

0.013

0.012

NOx

1.726

1.715

PM

0.022

0.020

Table 4 shows exhaust results of engine with
different arrangement after-treatment system models
in ESC test and ECT test. From the table, we can see
that the arrangement order of DOC+POC and SCR
has tiny influence on exhaust results. PM and NOx
emissions meeting CN-V standard, the maximum
difference of PM emissions is under1% and NOx
emissions is under 10%. Temperature has little
influence on POC, since the capture of PM in POC
is a physical progress. However, the temperature can
affect the oxidation progress of SOF in DOC if the
temperature reduction the oxidation efficiency will
decreases [11]. As mentioned, SCR cooperating with
DOC in SOF oxidation since catalyst coating in SCR
also can oxidize SOF [10]. Temperature reduction by
placing DOC after SCR has little influence on
removing PM emissions. Although the progress of
removing NOx in SCR is effected by temperature, in
this study the location of SCR has tiny influence on
conversing NOx. Inlet temperature of SCR at
different arrangement models in ESC tests as shown
in Figure 2. Figure 3 shows the performancetemperature curve of SCR catalyst. From the Figure
2, we can see that no matter the arrangement model,
the inlet temperature of SCR in ESC tests is range

DOC/POC/SCR Combined After-treatment
System Exhaust Test. Combined after-treatment
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from 250°C to 500°C (ignoring the first operating
point which is the idle speed point). Figure 3 shows
the suitable temperature (NOx conversion efficiency
is above 80% under the temperature) of SCR catalyst
in the study which is range from 220°C to 520°C. In
exhaust platform tests, inlet temperature of SCR is
always in the fit scope for catalytic reaction, so that
the progress of removing NO[LVQ¶WHIIHFWHGE\DIWHUtreatment system arrangement.
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simplify experiment.
TABLE 5
Exhaust Tests Results of Experimental Engine
about NO2 and PM g·(kW·h)-1

Item

ESC
ETC

NO2
PM
NO2
PM

DOC
(Simulating
DOC+POC+SCR)

SCR+DOC
(Simulating SCR+
DOC+POC)

1.058
0.035
0.980
0.051

0.223
0.030
0.205
0.043

Table 5 shows PM and NOx emission values of
different arrangement models. Placing DOC+POC
ahead of SCR can improve NOx outlet concentration
of DOC due to avoid NOx consuming, which value
is as 4.7 times high as pre-SCR in ESC test, and 4.8
times in ETC test. According to the literatures, NO2
inlet concentration of POC is at least 7 times high as
PM concentration which can maintain the passive
regeneration progress [12]. NO2 inlet concentration
of POC is as 30 times large as PM in EST test and
19 tines in ETC test when placing SCR behind
DOC+POC, which can meet passive regeneration
requirements. However, NO2 inlet concentration of
POC is 7.4 times as PM in ESC test and 4.8 times in
ETC test when placing SCR ahead of DOC+POC,
which cannot maintain passive regeneration in POC.
The arrangement order DOC+POC+SCR is the
optimal after-treatment arrangement model, which
can not only meet exhaust requirements but also
maintain the stable efficiency of removing pollution.
And in this case the hydrothermal aging effect on the
SCR catalyst could be reduced owing to the lower of
the inlet temperature (Figure 2) .

FIGURE 2
Inlet Temperature of Different SCR
Arrangement

FIGURE 3
NOx Conversion Efficiency-Temperature
Curve with SCR Catalyst (Space Velocity˖
˖
35000 h-1˗Gas Compositions (Volume
Fraction)˖500 ×10-6 NH3ǃ500 ×10-6 NOǃ
14 % O2ǃ5 % CO2 and 5% H2OˈN2 is
balance gas)

Effects that Combined After-treatment
Systems Have on Engine Exhaust Backpressure.
After-treatment systems have passive influence on
power capabilities and economics due to the back
pressure increase. Combined after-treatment system
is the superposition of single units so than combined
system may have larger effect on back pressure than
single unit. This section does some research on
effects that combined systems DOC+POC+SCR
have on engine exhaust back pressure with single
unit as control group. The engine has already run
about 100h and get the efficiency balance. Figure 4
shows back pressure at C100 (exhaust temperature:
498oC; exhaust flow: 471 kg·h-1). From the Figure,
we can see that the backpressure of SCR system is

Research on Passive Regeneration Progress
in POC. To realize passive regeneration in POC and
avoid the blocking, POC system utilizes NO2 to
oxide particulate matters those are captured by POC
during exhaust progress. NO2 inlet concentration of
POC plays an important role on regeneration. This
section compares NO2 inlet concentration of POC
between two arrangement models of DOC+POC and
SCR to find the optimal after-treatment arrangement
model. POC is always jointed with DOC, so the inlet
pollution concentration of POC is same as the outlet
of DOC. Remove after-treatment unit that behind
DOC of above mentioned arrangement models and
only measure NO2 outlet concentration of DOC to
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the lowest, the backpressure of DOC+POC system is
1.5 times as SCR and DOC+POC+SCR systems
backpressure is a little lower than the sum of above
two system which is about 24kPa. Particulate filter
is the main reason to contribute to the backpressure
increase. However, the increase backpressure can
improve capture efficiency of PM. The backpressure
of new ceramic-based POC which is used in the
study is lower than traditional metal matrix POC. In
order to decrease the backpressure of the combined
system and reduce the effect on engine performance,
this study utilizes new ceramic-based POC and
optimizes the design of the packaging structure.

Fresenius Environmental Bulletin

The backpressure of the combined system can
be less than 25 kPa through the application of
ceramic-based POC and optimal design of the
packaging structure which also can reduce the effect
on engine performance.
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CONCLUSIONS
The study shows that either particulate matters
(PM) or NOx but not both in the case can meet CNV standard with only DOC+POC or SCR system.
Exhaust emissions of Engine with single aftertreatment system cannot meet CN-V standard.
Both PM and NOx can be removed effectively
and reach CN-V standard by employing
DOC/POC/SCR combined system. There is no
obvious influence on the pollutants conversion
efficiency with the different arrangement order of the
SCR and DOC+POC.
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IRON, MANGANESE AND CHROME CONCENTRATION
IN HERBS GROWING IN DIFFERENT MOISTURE
SECTIONS AROUND FIELD PONDS
Elzbieta Malinowska*, Kazimierz Jankowski
Department of Grassland and Landscape Architecture, Siedlce University of Natural Sciences and Humanities, B. Prusa 14 Street, 08 ± 110
Siedlce, Poland

quantities but are necessary in metabolic processes
[3]. Manganese is necessary for some enzymatic
processes of the digestive system, being involved in
carbohydrate, protein and fat digestion as well as
their absorption but also taking part in the formation
of cartilage and bones. Moreover, it is responsible
for keeping the nervous system healthy and is
necessary for normal brain and skin function, also
helping to absorb and store iron [4]. This metal, iron,
is an abundant element in nature and its shortage or
excess in living organisms often causes serious
health problems. A proper concentration of
microelements in plants, especially in herbs, is
important in assessing their quality when they are
used for food or in medicine. Herb plants, apart from
the fact that they are source of microelements in an
available form, also contain a lot of vitamins and
essential oils. That is why they are used to treat a
variety of diseases, both as an excipient and as an
active ingredient [5]. However, it should be born in
mind that apart from containing biologically active
substances, beneficial to the human body, herbs
might contain a lot of toxic ingredients, like pesticide
residues or excess of heavy metals or other elements
[6, 7, 8, 9, 10, 11, 12, 13].
The aim of this paper is to determine
concentration of iron, manganese and chromium in
plants growing in different moisture sections around
field ponds.

ABSTRACT
This paper deals with iron, manganese and
chromium concentration in plants from three
experimental fields with ponds, located in different
places with different vegetation around. The
following plants were tested: Potentilla anserina L.,
Mentha arvensis, Achillea millefolium L., Comarum
palustre L., Lysimachia vulgaris L. and Lycopus
europaeus L. Iron, manganese and chromium
concentration was determined with Inductively
Coupled Plasma Atomic Emission Spectrometry. In
the experiment the highest concentration of iron and
chromium was found in Mentha arvensis, while the
highest concentration of manganese was in
Potentilla anserina L., with Lysimachia vulgaris L.
having the lowest concentration of manganese and
chromium and with Comarum palustre L. having the
lowest concentration of iron. Concerning the
moisture sections, the highest concentration of iron
and manganese was found in the plants growing in
the periodically wet section of the pond area with
permanent grasslands, the highest concentration of
chromium was in the plants growing in the dry
section of the pond area with a cultivated field
around. The concentrations of those metals in the
soil of those experimental areas, all located in the
Siedlce Plateau, show that chemicals and fertilisers
used in agriculture has not caused pollution of the
soil there.

MATERIALS AND METHODS
KEYWORDS:
heavy metals, in-filed ponds, herbs, soil

Plant material for the experiment was sampled
from mid June till the end of July 2014. Six species
of plants were selected, all growing around ponds
located in the Siedlce Plateau and having no outlets:
Potentilla anserina L., Mentha arvensis, Achillea
millefolium L., Comarum palustre L., Lysimachia
vulgaris L., Lycopus europaeus L. Altogether three
ponds were chosen for the experiment, two located
LQWKH-DEáRQQD/DFNDFRPPXQHLQ%XMDá\0LNRV]H
(area A and B) and one pond in the Sabnie commune,
in the village of Grodzisk (area C). The following
factors decided about choosing the objects: the fact

INTRODUCTION
Iron, manganese and chromium are chemical
elements essential for life processes of living
organisms. They play an important role in
metabolism and are necessary to build as well as
maintain the skeletal system and tissues of living
organisms [1, 2]. Chromium is one of trace elements
or microelements which are required in small
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that the ponds were located in agricultural land,
diversity of vegetation there and, finally, pond sizes,
varying from 15000 m2 (Grodzisk-C) to do 850 m2
%XMDá\ 0LNRV]H-A). Pond A was surrounded by
arable land, B by permanent grasslands and pond C
by bushes, with arable land 100 m away. According
to the administrative division of Poland, the
H[SHULPHQWDO DUHDV ZHUH VLWXDWHG LQ WKH 6RNRáyZ
Podlaski County, in the eastern part of the Mazovian
Voivodeship, with luvisol and rusty soil mainly.
Each experimental field was divided into three
transects, each from 18 to 80 m long, spreading from
the edge of the pond to the edge of the field. In the
transects three different sections were separated
according to their moisture: (I) the wet section with
water stagnating in early spring, after snow has
melted or after heavy rain, (II) the periodically wet
section with water stagnating only in early spring,
after snow has melted, (III ) the dry section with no
water stagnating [14]. The concentric sections were
located around the ponds. Plants and soil samples
were taken from those sections of transects, with 85
to 100 samples from each experimental field.
Moreover, bottom sediment samples were taken
from each pond. The plant material was ground to
particles with the diameter of 0.25 mm. Then it was

weighed and 1 g or it was put into a porcelain
crucible, which in turn was placed in a muffle
furnace to incinerate at the temperature of 450 oC for
15 hours. Next 10 ml of hydrochloric acid solution
(1:1) was added and the plant material was put into
a sand bath to decompose carbonates and to isolate
silicon. The contents of the crucible, after adding 5
ml 10% of hydrochloric acid, were filtered through a
hard filter into a conical flask with a capacity of 100
ml and distilled water was added up to the measure
mark. The content of iron, manganese and chromium
was determined with Inductively Coupled PlasmaAtomic Emission Spectrometry, the ICP±AES
method. The pH of the soil and of the sediment was
measured with the potentiometric method, with the
pH value varying from 5.45 to 6.50.
The results were processed statistically to
analyse means with the analysis of variance, using
the programme Statistica, Version 10.0 StatSoft
[15]. In the case of means which were significantly
GLIIHUHQW 7XNH\¶V WHVW ZDV XVHG WR FDOFXODWH WKH
LSD0.05 value. Besides, for each moisture zone the
linear correlation coefficient between the
concentration of iron, manganese and chromium in
the plant biomass and in the soil was determined.

TABLE 1
Iron concentrations (mg . kg-1DM) in the biomass of some herbs
A
Species
Potentilla
anserina
L.
Mentha
arvensis
Achillea
millefoliu
m L.
Comarum
palustre L.
Lysimachi
a vulgaris
L.
Lycopus
europaeus
L.
mean

B

C

I

II

III

mean

I

II

III

mean

I

II

III

mean

143.
5

126.
5

343.
7

204.
6

118.
7

150.
2

132.
0

133.
6

136.
1

106.
5

150.
2

130.
9

214.
0

258.
1

230.
1

234.
1

457.
5

975.
3

512.
3

648.
4

200.
9

132.
1

324.
1

219.
0

300.
4

287.
4

201.
7

236.
2

287.
1

300.
2

316.
2

301.
2

201.
4

174.
4

254.
1

210.
0

112.
3

98.9
2

103.
5

104.
9

136.
1

140.
3

118.
9

131.
8

99.7
8

120.
3

113.
8

111.
3

136.
9

130.
8

143.
6

137.
1

139.
4

130.
4

123.
2

131.
0

156.
9

144.
2

150.
0

150.
4

169.
9

185.
2

170.
1

175.
1

182.
3

172.
6

170.
9

175.
3

182.
3

180.
1

192.
1

184.
8

179.
5

181.
2

198.
8

182.
0

220.
2

311.
5

228.
9

253.
6

162.
9

142.
9

197.
4

167.
7

LSD0.05 for:
A-species
B- moisture section
A/B; B/A interaction

A=1.81
A=5.14
B=1.04
B=2.95
A/B=3.13
A/B=8.90
B/A=2.54
B/A=7.23
A-area with the cultivated field, B- area with permanent grasslands, C- area with bushes
I-wet section; II- periodically wet section; III- dry section
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TABLE 2
The average contents of iron (mg . kg-1DM) in the biomass of some herbs
Species
Potentilla anserina L.
Mentha arvensis
Achillea millefolium L.
Comarum palustre L.
Lysimachia vulgaris L.
Lycopus europaeus L.

Mean
I
132.8
290.8
263.0
116.1
144.4
178.2
187.5

LSD0.05 for:
A-species A=6.25;
B- moisture section
I-wet section; II- pe
riodically wet section; III- dry section

II
127.7
455.2
254.0
119.8
135.1
179.3
211.9

B=3.59; A/B; B/A interaction

A/B=10.83;

mean
156.4
367.2
258.1
116.0
139.5
178.4
202.6
B/A=8.80

were differences as to iron accumulation by plants
from different moisture sections.
Ulewicz-Magulska et al. [16] found that herb
plants of the same species had different
concentration of iron. According to the publication,
out of 20 analysed species the highest amount of iron
(over 1000 mg.kg-1DM) was in marjoram leaves and
in thyme and the lowest in goldenrod (below 100
mg.kg-1DM). Research done by Cottenie et al. [17]
shows that the average concentration of iron in herb
plants is 240 mg.kg-1 while findings presented by
%OLFKDUVNąHWDO [18] point out that the concentration
of this metal in herbal material ranges from 43.31 to
176.39 mg.kg-1DM.
Like in the case of iron, manganese
concentration significantly varied and was related to
the plant species and the place from which it was
sampled (Table 3, 4). In all the plant species tested
in the experiment the concentration of this metal
ranged from 20.11 to 152.4 mg.kg-1 DM. Thus, out
of the six analysed plants the highest concentration
of manganese was in Potentilla anserina L. (68.28
mg.kg-1) and Mentha arvensis (56.68 mg.kg-1), the
other herbs having nearly half as much, with the
lowest concentration in Lysimachia vulgaris L.
(27.67 mg.kg-1). The average concentration of this
metal in all the plants growing in all the moisture
sections was 40.73 mg.kg-1. With the exception of
Lysimachia vulgaris L., the highest concentration of
manganese was in herbs growing in the periodically
wet sections, while the same concentration was the
lowest in the wet sections. Consequently, the
average concentration of this metal in herbs sampled
form the periodically wet sections was 46.09 mg.kg1
, from the dry sections it was 39.13 mg.kg-1 and with
36.91 mg.kg-1 in plants coming from the wet
sections. There were also differences between
manganese concentrations in plants in different
experimental fields. The highest accumulation of
this metal had plants growing around the pond with
arable land (49.99 mg.kg-1)

RESULTS AND DISCUSSION
There was a significant variation in iron
concentration in plants, from 98.9 to 975.3 mg.kg1
DM, depending on the plant species and the place
from which it was sampled (Table 1, 2). Whatever
moisture section it grew in, Mentha arvensis
accumulated the highest amount of iron (367.2
mg.kg-1), while Comarum palustre L. the lowest
(116.0 mg.kg-1). Thus, there were substantial
differences in concentration of this metal in the
plants but the experiment showed that there was a
relationship between iron concentration in the plants
and the moisture section where they grew. Achillea
millefolium L. and Lysimachia vulgaris L. had the
highest concentration of iron when they were
sampled from the wet sections (I), 263.0 and 144.4
mg.kg-1, respectively. The following plants had the
highest concentration of iron when they grew in the
periodically wet sections (II): Mentha arvensis
(455.2 mg Fe.kg-1), Comarum palustre L. (119.8 mg
Fe.kg-1) and Lycopus europaeus L. (179.3 mg.kg-1).
Only in the case of Potentilla anserina L. was the
concentration of iron the highest (208.6 mg.kg-1)
when the plant was sampled from the dry sections
(III). On average, comparing all the moisture
sections, the highest concentration of iron was found
in herbs sampled from the periodically wet sections
(211.9 mg.kg-1), with less iron in the dry sections
(208.4 mg.kg-1) and the least in the wet sections
(187.5 mg.kg-1).
Iron accumulation by plants was also strongly
related to the pond area around which they grew.
Generally, the highest concentration of iron was in
plants sampled from the experimental field with
permanent grasslands, 253.6 mg Fe .kg-1 on average,
while the same concentration was lower in plants
from the field overgrown with bushes, 187.7 mg Fe
.
kg-1, and the lowest from the cultivated field, 182 mg
Fe .kg-1. Of course, in each experimental field there
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TABLE 3
Manganese concentrations (mg . kg-1DM) in the biomass of some herbs
Species

A

Potentilla anserina
L.
Mentha arvensis
Achillea
millefolium L.
Comarum palustre
L.
Lysimachia
vulgaris L.
Lycopus
europaeus L.
mean
LSD0.05 for:
A-species
B-moisture section
A/B; B/A interaction

B

C

I

II

III

mean

I

II

III

mean

I

II

III

mean

103.2

152.4

107.4

120.9

32.36

58.36

50.78

47.17

41.30

29.51

39.57

36.78

45.21

50.24

41.23

45.56

50.10

47.74

48.70

48.85

70.85

87.95

68.10

75.63

20.11

24.58

25.89

23.53

30.78

32.47

29.81

31.02

30.61

35.20

30.11

31.97

23.10

75.70

51.30

50.53

25.21

28.23

20.89

24.78

30.10

28.07

24.69

27.62

28.56

26.10

25.36

26.67

30.12

32.47

31.29

31.29

26.45

23.47

25.20

25.04

30.10

32.10

36.01

32.74

25.91

35.24

22.41

27.85

20.36

29.78

25.64

25.26

41.71

60.19

47.87

49.99

32.41

39.09

33.98

35.16

36.61

38.99

35.55

37.05

A=2.78
B=1.60
A/B=4.80; B/A=3.92

A=0.429
B=0.246
A/B=0.742;

A=0.485
B=0.279
A/B=0.841;

B/A=0.603

B/A=0.683

legend as in Table 1
TABLE 4
The average contents of manganese (mg . kg-1DM) in the biomass of some herbs
Mean

Species
Potentilla anserina L.
Mentha arvensis
Achillea millefolium L.
Comarum palustre L.
Lysimachia vulgaris L.
Lycopus europaeus L.
mean
LSD0.05 for:
A-species A=0.451; B-moisture section

I
58.95
55.39
27.17
26.14
28.38
25.46
36.91
B=0.259;

II
80.09
61.98
30.75
44.00
27.35
32.37
46.09
A/B; B/A interaction

III
65.92
52.68
28.60
32.29
27.28
28.02
39.13

Mean
68.28
56.68
28.84
34.31
27.67
28.62
40.73

A/B=0.781;

B/A=0.634

I-wet section; II- periodically wet section; III- dry section
TABLE 5
Chromium concentrations (mg . kg-1DM) in the biomass of some herbs
Area
Species
Potentilla anserina
L.
Mentha arvensis
Achillea
millefolium L.
Comarum palustre
L.
Lysimachia
vulgaris L.
Lycopus europaeus
L.
mean
LSD0.05 for:
A-species
B- moisture section
A/B; B/A interaction

A

B

I

II

III

mean

I

II

III

mean

I

II

III

mean

0.254

0.279

0.871

0.468

0.646

0.258

0.542

0.482

0.809

0.412

0.654

0.625

1.11

0.894

1.02

1.01

1.26

1.51

1.03

1.27

0.763

0.493

0.847

0.701

1.04

1.39

1.12

1.18

0.802

0.823

0.741

0.789

0.698

0.520

0.621

0.613

0.306

0.297

0.368

0.324

0.512

0.423

0.549

0.495

0.415

0.501

0.603

0.506

0.301

0.321

0.289

0.304

0.423

0.408

0.269

0.367

0.311

0.358

0.301

0.323

0.511

0.840

1.06

0.804

0.610

0.810

0.750

0.723

0.230

0.299

0.312

0.280

0.587

0.670

0.788

0.682

0.709

0.705

0.647

0.688

0.538

0.431

0.556

0.508

A=0.087
B=0.050
A/B=0.150 ;

B/A=0.122

A=0.029
B=0.017
A/B=0.041;

legend as in Table 1
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TABLE 6
The average contents of chromium (mg . kg-1DM) in the biomass of some herb
Species

Mean
I
0.569
1.04
0.847
0.411
0.345
0.450
0.611

II
0.316
0.966
0.911
0.407
0.362
0.650
0.602

Potentilla anserina L.
Mentha arvensis
Achillea millefolium L.
Comarum palustre L.
Lysimachia vulgaris L.
Lycopus europaeus L.
mean
LSD0.05 for:
A-species A=0.024; B-moisture section B=0.014; A/B; B/A interaction
I-wet section; II- periodically wet section; III- dry section

A/B=0.042;

mean
0.525
0.994
0.861
0.442
0.331
0.602
0.626
B/A=0.034

manganese and chromium (Table 7). The most iron
was found in the pond with bushes around (10369
mg . kg-1) and iron concentration in its sediment was
twice as high as in the other ponds. In turn the
highest concentration of manganese and chromium
was found in the bottom sediment coming from pond
A, with 109.8 mg Mn. kg-1 and 17.3 mg Cr . kg-1,
respectively.
Manganese
and
chromium
concentration in this sediment was nearly ten times
as high as in the other ponds.

while it was the lowest in plants from the pond with
permanent grasslands (35.16 mg.kg-1).
Like in the case of the other metals, the
concentration of chromium was related to the species
of the plants (Table 5, 6).
On average the highest concentration of
chromium was in Mentha arvensis (0.994 mg . kg-1)
and in Achillea millefolium L. (0.861mg . kg-1), with
much less of it in Lysimachia vulgaris L. (0.331 mg
.
kg-1) and in Comarum palustre L. (0.442 mg . kg-1).
Kucharczak and Moryl [19] say that chromium
concentration in most plants ranges from 0.002 to 1.0
mg . kg-1DM. In the herbs tested in this experiment
the average chromium concentration in plants
growing in all moisture sections ranged from 0.254
to 1.51 mg . kg-1, with the average concentration
standing below 1 mg. kg-1DM. The highest
concentration was in plants from the dry sections
(0.664 mg . kg-1), lower in herbs from the wet
sections and the lowest in plants from the
periodically wet sections, 0.611 mg . kg-1 and 0.602
mg . kg-1, respectively. Different plant species
accumulate different amounts of nutrients [20, 21,
22]. Likewise, the plants tested in the experiment
showed different concentration of chromium
depending on which moisture section they grew.
Thus, Potentilla anserina L. and Achillea
millefolium L. had the highest concentration of
chromium when they grew in the wet sections,
Lysimachia vulgaris L. in the periodically wet
sections while Mentha arvensis and Comarum
palustre L. had the highest concentration of
chromium when they grew in the dry sections. Like
iron and manganese, there were different
concentrations of chromium in plants growing in
different experimental areas, with plants growing in
the permanent grasslands having the highest
concentration of chromium, (0.688 mg. kg-1), and the
lowest in the area overgrown with bushes (0.508 mg.
kg1). The latter relationship was similar to that of
iron.
The bottom sediment from the three different
ponds had three different concentrations of iron,

TABLE 7
Iron, manganese and chromium concentrations
in the bottom sediment (mg . kg-1DM)
Area
Fe
Mn
Cr
A
6274
109.8
17.3
B
5327
47.72
6.92
C
10369
11.51
1.31
mean
7323
56.34
8.51
A-area with the cultivated field, B- area with
permanent grasslands, C- area with bushes
I-wet section; II- periodically wet section; III- dry
section
There were significant differences in the chromium
concentration in soil coming from different
experimental areas and different moisture sections
(Table 8). The highest concentrations of iron was in
the soil from the periodically wet sections, like in the
case of plants coming from the same sections, also
having the highest concentration of this metal. Out
of all the three ponds with the three fields around, the
highest concentration of iron was in the soil coming
from the experimental area with permanent
grasslands (6214 mg . kg-1), while the lowest in the
soil from the field overgrown with bushes (4089 mg.
kg-1). There was a relationship between the
concentration of iron in the soil and the
concentration of iron in the plants (Table 1). Like
iron, manganese and chromium concentration was
the highest in the soil from the periodically wet
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TABLE 8
Iron, manganese and chromium concentrations in the soil (mg . kg-1DM)
Area

Fe
I
4804
6455
1836
4365

II
5764
7462
1952
5059

III
2954
5611
2199
3588

Mn
mean
4949
6214
4089
5084

I
21.32
51.01
25.82
32.72

II
23.03
56.71
31.05
36.93

Cr

III
17.82
53.31
18.63
29.92

mean
20.72
53.68
25.17
33.19

I
5.91
6.93
1.70
4.85

II
8.90
7.61
2.31
6.27

A
B
C
mean
LSD0.05 for:
A-moisture section
A= 272.1
A=7.66
A=0.416
B-area
B=272.1
B=7.66
B=0.416
A/B; B/A-interaction A/B=426.6;
A/B=13.3;
B/A=13.3
A/B=0.721;
B/A=426.6
B/A=0.721
A-area with the cultivated field, B- area with permanent grasslands, C- area with bushes
I-wet section; II- periodically wet section; III- dry section

III
3.94
7.42
2.91
4.76

mean
6.25
7.32
2.31
5.29

TABLE 9
Linear correlation coefficient between the concentration of iron, manganese and chromium in the soil and
in the plants
Species
Potentilla anserina L.
Mentha arvensis
Achillea millefolium L.
Comarum palustre L.
Lysimachia vulgaris L.
Lycopus europaeus L.
S1 

Fe

Mn

Cr

-0.189
0.357
0.354
0.293
-0.336
-0.081

0.162
-0.422
-0.119
0.065
0.401
0.200

-0.411
0.439
0.638*
-0.463
0.011
0.597*

arvensis and Potentilla anserina L. had the
highest concentration of iron and chromium
while Lysimachia vulgaris L. had the lowest
concentration of manganese and chromium,
with Comarum palustre L. having the lowest
concentration of iron.
2. The highest average concentration of iron and
manganese was in the plants growing it the
periodically wet sections while most chromium
was in the plants from the dry sections. Plants
growing in the experimental area with
permanent grasslands had the most iron and
chromium while plants from the area with arable
land had the most manganese.
3. Bottom sediment from the pond surrounded by
bushes had over twice as much iron as sediment
from the other ponds while sediment coming
from the pond with the cultivated field had
nearly ten times as much manganese and
chromium as sediment from the other ponds.
4. Iron, manganese and chromium concentration in
the soil was the highest in the periodically wet
section. The findings of the experiment, carried
out in the Siedlce Plateau, showed that
concentration of the metals did not exceed the
limits for soil contamination. It was found that
this area of the country can be recommended to
grow or gather herbs used in the herbal industry.

sections and in the experimental area with permanent
grasslands. Like in the experiment described here,
Kabata-Pendias, Pendias [23] found that soil coming
from in-field pond areas was not contaminated with
those metals.
Considering the calculated values of the linear
correlation coefficient, they did not show any
significant relationships between concentration of
iron and manganese in the soil and their
concentration in the plants (Table 9). However, there
was a significant positive correlation between
chromium concentration in the soil and in the
biomass of Achillea millefolium L. (r=0.638) and
Lycopus europaeus L. (r=0.597). Generally, the
intake of nutrients by plants is related to their
chemical forms in soil solution and the metals
discussed here are in their ionic forms in the soil and
in different complex mineral and organic
compounds, which limits their accumulation by
plants [23, 24].

CONCLUSIONS
1.

Accumulation of iron, manganese and
chromium by plants varied considerably,
depending on the species and the moisture
section of the experimental field. Mentha
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destruction of vast amounts of land. Mining sites are
a permanent toxicological problem for the
surrounding ecosystems and human health. They are
often contaminated with heavy metals and trace
elements, which can beleached out contaminating
rivers, groundwater and aquifers[1- 4]. Most of the
mine spoils are bare, but some plants grow in these
adverse conditions. Heavy metals cause oxidative
stress in plants [5]. Metal stress has been reported to
affect photosynthesis, chlorophyll fluorescence and
stomatal resistance [6]. There are two basic
strategies by which higher plant scan tolerate high
heavy metals concentrations in soil [7]. Land is one
of the most important resources on which human
beings depend. The rate of consumption of mineral
resources is continuously increasing with the
advancement of science and technology, economic
development, industrial expansion, acceleration of
urbanization and growth of population.
Uranium is a radiotoxic and chemo toxic heavy
metal. Uptake and accumulation of U has been
studied in plants native to uranium mine sites, but not
in cultivated plants which are commonly consumed
by humans. Large amounts of solid wastes (tailings)
resulting from the exploitation and treatment of
uranium. It is one of the most frequent pollutants of
groundwater and surface soils [8]. Since uranium is
chemically toxic to kidneys and insoluble
compounds are highly carcinogenic [9]. The
uranium-contaminated
soils
may
represent
significant risks to human health, primarily via food
chain [10]. Typical concentration range of uranium
in non -contaminated soils ranges from 0.40 to 6.00
mg kg-1[11, 12].
The radioactive waste tailings produced by
uranium mining activities contains a series of long
lived radionuclides such as uranium (U), radium
(Ra), and thorium (Th) isotopes. Therefore, the
knowledge of natural radionuclide concentration
levels and their mobility in the environment is of
great interest in several scientific fields. Over the
years, only some work on radioactive food
contamination in the environment and its transfer of
pathway mechanism to plants, animals and human

ABSTRACT
Mine tailings are a characteristic of landscapes
where mineral extraction has occurred. These
tailings usually contain high heavy metal
concentrations and have low fertility. In arid and
semiarid zones, erosion may be an additional
problem. The removal of these tailings is often
impractical due to their large volumes. Therefore, a
need exists to develop in situ low cost technologies
to effect surface stabilization. The use of vegetation
can be an attractive option, since there are some
native plant species that can colonize parts of these
polluted sites. Further, this study focuses the
potential for certain heavy metals in certain native
plant species occurring on uranium mine tailings of
Tummalapalle area of Andhra Pradesh. This study
aims to determine the concentration of As, U, Cu and
Zn were analyzed using induction coupled plasmamass spectrometry (ICP-MS). A total of 10 plant
species and its soils were collected for this study.The
results show that the Almania longipendenculati is
able to accumulate arsenic (3.78 ppm) and uranium
(5.01 ppm) in its leaves. Amongst the studied plants,
Flugia
monophyllahas
recorded
highest
accumulation of 115.52 ppm of Cu and 18.88 ppm of
Pb in its leaves. In soils, about 176.60 ppm of
uranium; 98.18 ppm of arsenic;132.20 ppm of Cu
and 107.04 ppm of Pb were accumulated. These
species could have potential for phytoremediation
due to their large capacity to uptake and transfer
elements, and their ability to grow in the presence of
other toxic metals.
KEYWORDS:
Tummalapalle. Uranium mine tailings. As, U, Cu and Zn.
Accumulation

INTRODUCTION
Mining of mineral resources results in
extensive soil damage, altering microbial
communities and affecting vegetation leading to
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native plant species occurring on tailing are viz.
Rivea ornata, Pergularia daemia, Tribulus
terrestris, Almania longipendenculati, Ricinus
communis, Scleria lithosperma, Albizia amara,
Flugia monophylla, Calotropis gigantea and
Cymbopogan citrates. These plant species often
grow in rock crevices and gravel pile. In view of the
above findings into consideration, the present work
provides the results of a study aimed at certain heavy
metals (As, U, Cu and Zn) in certain native plants
occurring on mine tailings and to evaluate the
potential of native plant species for the
phytoremediation of this site.
The objective of this study was to measure
metal concentrations in plants and relates them those
found in soils so that their potential to re-vegetate
metal-contaminated soils could be determined. Soil
was sampled from mine tailings adjacent to the plant,
and analyzed for different concentrations of metals.
Plants were also sampled at the selected sites and
analyzed for same metals. To the best of our
knowledge, the present study is the first report
describing the metal accumulation ability of these
plant species.

population has been reported [13, 14]. Several
researchers have screened fast-growing, high ±
biomass accumulating plants, including agronomic
crops, for their ability to tolerate and accumulate
heavy metals in their shoots [15-24].
Uranium mill tailings are the crushed rock
residues of the uranium extraction process from ores.
Uranium mine tailings are found at Tummalapalle
receive waste from ores mined at a spot near to mine
area. Even though uranium has not been shown to be
essential to either plants or animals, plants will
absorb uranium and incorporate it into either
biomass along with other heavy metals [9]. This
observation suggests the possibility for remediation
of uranium contaminated soils through plant up take
[25]. It is stated that the uranium uptake at uranium
mine tailing and soils contaminated with uranium of
100 mg kg-1, found the highest uranium
accumulation in sunflowers and Indian mustards the
above ground part of 24.6 and 21.8 mg kg-1,
respectively [19].
The content of U in tailings varies depending
on different conditions ore exploitation in the
process of obtaining U, as the result of which tailings
is a very heterogeneous mixture according to its
physical and chemical properties. Earlier workers
discussed the Importance for plant growth and
development of biogeochemical processes of U in
nature [21][26 ± 28]. The content of U has been
investigated mostly in soil and water draining from
land near mine sites, and in native flora grown
around mines [29, 30].
These radioactive solid wastes are exposed in
the environment, long-term subjected to wind
erosion and rain leaching. The traditional method of
repair of uranium mine contaminated soil with
physical and chemical methods, but it is expensive
and requires specialized equipment and technical
personnel. Repair is not complete and causes
secondary pollution problems. Phytoremediation
attracts much attention definitely with low cost and
small environmental disturbance. It has been noted
that plants vary in their uranium uptake capacities;
assortment of plant species plays a key role in the
development
of
phytoremediation
method.
Therefore, an increasing attention has been paid to
the identification of novel plant species with a high
heavy metal ±accumulating potential. The first is
exclusion whereby transport of metals is restricted
and the amount of metals in shoots is maintained
over a wide range of soil concentrations. The second
is accumulation whereby metals are accumulated in
the upper plant parts at both high and low
concentrations [31].
Over the past 10 years, large amounts of
uranium waste rocks and tailings resulting from the
exploitation and treatment of uranium ore at the
Tummalapalle area of Cuddapah district (Andhra
Pradesh) have been accumulated in huge amounts.
The field investigation found that the important

STUDY AREA
The Cuddapah basin in Andhra Pradesh is
endowed with rich mineral wealth. The Middle±
Upper Proterozoic Cuddapah basin is well known for
a variety of mineral resources, such as diamond,
barite, asbestos, copper and lead, besides limestone
and Cuddapah slabs. Tummalapalle (Lat., 14º19'N
Long. 78º15' E) is located in Pulivendla Taluk of
Cuddapah District of Andhra Pradesh, which is
included in the Survey of India toposheet No. 57 J/7.
It is a potential zone of uranium mineralization in
Vempalle formation which is a part of Cuddapah
super group (representing mid-Proterozoic age).
Uranium mineralization is hosted by impure
dolostone of the Vempalle Formation of Papaghni
Group. The mineralized dolostone was deposited in
an inter-tidal and mud-flat environment, with the
source of uranium being the nearby fertile basement
gigantic rocks present around the Cuddapah basin as
well as their mineralized fracture [32].

MATERIALS AND METHODS
Plant parts and tailing (solid waste) samples
were collected from uranium tailing piles during
May 2014. Amongst the 50 plant samples of 10 plant
species were collected. Plants were harvested and
washed to remove adhering soil particles. They were
WKHQ GULHG DW Û& XQWLO WKH ZHLJKW ZDV FRQVWDQW
cooled and weighed again. The dried samples were
ashed at 4Û&IRUK RUXQWLOWKH\IRUPHGDZKLWH
ash) in a muffle furnace, cooled and
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RESULTS AND DISCUSSION
In the present study, the plant species viz. Rivea
ornata, Pergularia daemia, Tribulus terrestris,
Almania longipendenculati, Ricinus communis,
Scleria lithosperma, Albizia amara, Flugia
monophylla, Calotropis gigantea and Cymbopogan
citratus have been studied their metal concentration
of As, U, Cu and Pb have been reported in Table 1.
Out of the 10 plant species were screened for phyto
accumulation, Almania longipendenculati for U and
As; Flugia monophylla for Cu and Pb were listed for
accumulation of these elements.
Arsenic. Arsenic is widely distributed in the
soil, water, air and all living matters. Presently
arsenic pollution through food-chain contamination
is a major health concern worldwide. The increasing
human population affects the consumption of natural
resources, which has led to the environmental
problems. Human activities have increased the level
of arsenic (As) in many of these natural ecosystems
[34 ± 37]. The high toxicity of arsenic poses a serious
risk to both human health and ecological systems
[38]. Arsenic is an extremely toxic metalloid that is
widely distributed in sediments and water. The
toxicity and mobility of As in the environment is
dependent on the chemical form or species in which
it exists. It is well known that inorganic As, such as
arsenite and arsenate, are the most toxic. The
utilisation of As based pesticides or herbicides,
irrigation with As contaminated water, mining
activities can cause significant contamination of
sediment [39]. The gold mining industry has long
encountered problems with As during gold
extraction. As pollutes the environment by
separating and diffusing into soil and water [40].
In the present study, highest average
concentration of arsenic is accumulated in Almania
longipendenculati (leaves, 3.78 ppm; twigs, 3.42
ppm) (Table 1 and Fig. 1). Arsenic is accumulated in
Cymbopogan citratus (leaves, 3.56 ppm; twigs, 3.31
ppm) and in Calotropis gigantea about 3.54 ppm in
leaves and 3.25 ppm in twigs has been accumulated.
Similarly, Usman and Ayodel [41] have reported
heavy metal accumulations in certain plants species
of Calotropis species. In their associated soils the
concentration of arsenic is very high when compared
to plant concentration of arsenic. Highest
concentration of about 98.18 ppm in soils associated
with Cymbopogan citratus has been recorded.
Similarly, earlier studies have supported this
observation. The enrichment factor of arsenic in both
artificially and naturally arsenic contaminated soils,
root and shoot parts of these plant species were found
to be in the sequence of soil root shoot. Arsenic
uptake by Salvinia minima was increased with
increasing As exposure timeand

FIGURE 1
Trace element concentration (average values) of
different plant species
Ra: Rivea ornata Pd: Pergularia daemia
Tt:
Tribulus
terrestris
Al:Almanialongipendenculati
Rc: Ricinus communis Sl: Sclerialithosperma Aa: Albizia
amara
Fm: Flugiamonophylla Cg: Calotropis gigantea
Cc: Cymbopogan citratus

weighed. Tailings samples were collected from the
rooting zone of the plants. They were homogenized
to obtain a representative sample. The tailing
samples were dried at room temperature and the
IUDFWLRQ OHVV WKDQ  PP ZDV UHWDLQHG IRU
analysis.
Laboratory analysis. Approximately 0.5 g of
the plant samples and their soils were weighed
accurately and transferred to a Teflon container. 5 ml
of 65% HNO3 and 1 ml 30% H2O2 added. After
microwave/hotplate digestion cycle, digested
samples were made up to 25 ml with deionised water.
All plant and soil metals were analyzed by
Inductively Coupled Plasma Mass Spectrometry
(ICPMS) as suggested by the method of Yasemin
and co-authors [33] and the data is presented in Table
1 and Fig. 1.
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TABLE 1
Metal concentrations in abandoned mine tailing samples along with their plant organs
concentration in Tummalapalle uranium mining area
Name
of the
plant
Rivea
aurena
ta

Pergul
aria
daemia

Tribul
us
terrest
ris

Alman
ia
longipe
ndencu
lati

Ricinu
s
comm
unis

Scleria
lithosp
erma

Albizia
amara
Flugia
monop
hylla
Calotr
opis
gigante
a

Cymbo
pogan
citratu
s

Leaf

As
(ppm)
Twig

Leaf

U
(ppm)
Twig

Cu
(ppm)
Twig

Leaf

Pb
(ppm)
Twig

Soil

Soil

Leaf

Soil

Soil

2.30
±
0.07

2.03
±
0.06

93.40
±
0.11

< 0.1

< 0.1

< 0.1

109.6
0
±
3.97

101.40
±
3.04

11
±
1.01

2.40
±
0.25

2.08
±
0.08

6.04
±
0.38

1.89
±
0.08

1.66
±
0.08

75.10
±
0.02

2.53
±
0.13

2.03
±
0.14

98.12
±
0.02

105.3
8
±
2.09

99.70
±
2.41

132.2
±
3.49

3.82
±
0.14

3.32
±
0.12

9.03
±
0.36

0.56
±
0.03

0.45
±
0.04

40.12
±
0.04

< 0.1

< 0.1

<0.1

57.78
±
1.02

51.72
±
2.39

75.34
±
1.34

0.99
±
0.05

0.84
±
0.05

3.13
±
0.11

3.78
±
0.06

3.42
±
0.07

53.80
±
0.77

5.01
±
0.08

4.74
±
0.09

176.6
0
±
1.01

37.12
±
0.85

33.08
±
1.01

46.18
±
0.54

12.32
±
0.50

9.85
±
0.32

53.4 0
±
1.23

1.08
±
0.06

0.91
±
0.09

121.56
±
2.44

<0.1

< 0.1

52.92
±
1.18

13.30
±
0.65

10.80
±
0.71

61.60
±
2.02

1.34
±
0.09

0.96
±
0.05

107.04
±
1.02

1.28
±
0.05

1.02
±
0.09

86.15
±
0.04

<0.1

< 0.1

< 0.1

34.96
±
0.48

31.82
±
1.07

53.08
±
0.69

2.48
±
0.34

1.98
±
0.08

7.15
±
0.02

1.54
±
0.02

1.17
±
0.12

70.12
±
0.03

< 0.1

< 0.1

< 0.1

32.50
±
1.31

57.02
±
1.21

1.91
±
0.11

1.39
±
0.11

4.13
±
0.04

1.03
±
0.11

32.90
±
0.91

< 0.1

< 0.1

92.46
±
1.12

37.56
±
1.31
115.5
2
±
2.87

1.39
±
0.14

104.30
±
3.11

2.62
±
0.39

18.88
±
1.23

13.48
±
1.21

23.96
±
0.87

3.54
±
0.44

3.25
±
0.07

63.08
±
0.08

< 0.1

< 0.1

< 0.1

67.12
±
0.87

63.58
±
1.38

83.56
±
1.11

1.32
±
0.19

0.82
±
0.06

6.14
±
0.15

3.56
±
0.09

3.31
±
0.08

98.18
±
0.91

< 0.1

< 0.1

< 0.1

38.02
±
1.29

33.08
±
0.89

48.26
±
0.66

3.57
±
0.05

3.28
±
0.09

34.12
±
0.59

through herbicides, wood preservatives, and mining
industry. It can distribute in either soil or water,
transport to other places, pollute to water resources,
and subsequently affect water for daily consumption.
Gold mining also contributes to the distribution of
arsenic. During gold extraction, arsenic, which is the
composition of arsenopyrite, is also separated and
diffused into soil and water, and pollutes to the
environment [40]. The aquatic plant can be either
floating on the water surface or submerged into the
water. The floating aquatic plants accumulate

concentration in the growth solution [42]. The
content of arsenic accumulation in brake fern (Pteris
vittata) is also increased by increasing As in soils
[43]. High concentration of As (138 mg kg-1 fresh
wt) has also been found in naturally grown
watercress (Nasturtium microphyllum) in Taupo
Volcanic zone, New Zealand [44]. Higher plants
produce varied responses to heavy metals in their
environment that interfere with genetic constitution
of plants [45, 46]. Arsenic enters the environmental

1376




© by PSP

Volume 26 ± No. 2a/2017, pages 1373-1382

Indian mustards the above ground part of 24.6 and
21.8 mg kg-1, respectively [19]. Remaining plant
species have not accumulated uranium concentration
and it is less than 0.01 ppm. But in their adjoining
soils huge concentration of U is accumulated than its
plant concentration. Highest concentration of about
176.60 ppm in the soils associated with Almania
longipendenculati. There are studies related to the
use of native plant species for biological exploration
of U and to determine the mechanisms by which
plants absorb and accumulate U from soils [49, 50,
57, 58].
There are no reports of research designed to
evaluate the effects of soil properties on U
bioavailablity. It has been stated that the effects of
soil properties on plant up take of U may be deduced
by examining the results of experiments where these
soil properties have been reported [16]. It is found
that a significant portion of U contamination in soils
exposed to vented air from U ore mine shafts was
incorporated into lattice of soil clay minerals
[59].Uranium about 12 ppm in root part of banana
(Musa sapientum) and certain other trace metals
have been studied in Tummalapalle area of
Cuddapah district [60]. Uranium in plant-ash in
excess of about ppm of uranium is normally
considered as anomalous [61]. In Kurushetra area the
accumulation of uranium in certain plants varied
from 0.80 to 26.70 ppm [62].

contaminants by its roots, while the submerged
plants accumulate metals by their whole body.
Several submerged aquatic macrophytes have been
investigated for the remediation of natural and
wastewater contaminated. It is reported that the E.
densa and H. verticillata are able to accumulate high
amount of arsenic (95.2%) and zinc (93.7%) and
resulted in a decrease of arsenic and zinc in the
ambient water [47]. Arsenic phytoaccumulation
study was conducted with three plant species namely
Eichhornia crassipes L. (water hyacinth),
Echinochloa crusgalli L. (barnyard grass) and
Monochoria hastata L. (water taro) in crop land soils
contaminated by naturally and artificially from
sodium arsenite (NaAsO2) and concluded that the
phytoaccumulation of As increased significantly
with increasing soil As levels and these plant species
can be used as arsenic accumulator in arsenic
contaminated soils [48].
Uranium. Little information is available on the
accumulation of U in plants except in the literature
related to the use of native plant species in the
biological exploration of metals. However, there are
studies related to the mechanisms by which plants
absorb and accumulate U [49 ± 53]. In these studies,
it was generally observed that plant species differ in
U accumulation. Uranium accumulates mainly in
the roots and depth of U placement and soil
properties influence absorption by plants.
The studies of the distribution of uranium in
plants have revealed a large biogeochemical
anomaly near McClean Lake area [54]. Uranium
concentrations in the ash of various media are
surprisingly high: spruce twigs up to 154 ppm U;
Labrador tea and leather leaf stems around 100 ppm
U. Conversely, Labrador tea roots yield < 5 ppm U
and spruce trunk wood usually < 1 ppm U. Soils have
accumulated in the range of 1±3 ppm of U.
Contoured U values reveal that highest
concentrations occur in plants growing above but
laterally displaced from the mineralization [55].
Plant uranium concentrations generally reflect soil or
rock substrate concentrations in upland areas.
Sphagnum spp. and Ledum groenlandicum best
reflect the substrate uranium concentrations in
lowland areas, Umbilicaria spp. and Cladonia spp.
in rock outcrop, and Picea mariana and Betula
papyrifera in upland locations [56].
In
the
present
study,
Almania
longipendenculati
has accumulated highest
concentration of uranium about 5.01 ppm in leaves
and 4.74 ppm in twigs (Table 1 and Fig. 1). Similarly
in Pergularia daemia it is about 2.53 in leaves and
2.03 in twigs. This observation suggests the
possibility for remediation of uranium contaminated
soils through plant up take [25]. It is stated that the
uranium uptake at uranium mine tailing and soils
contaminated with uranium of 100 mg kg-1, found
the highest uranium accumulation in sunflowers and

Copper. Copper is also essential to plant
growth, but will cause toxic effects when shoots or
leaves accumulate Cu levels exceeding 20 μg/g Cu
[41], [63 - 65]. Tailings have elevated concentrations
of metals such as arsenic, cadmium, copper,
manganese, iron and zinc. Phytoaccumulation is one
of the phytoremediation processes that plant uptake
contaminants from the environment and stored in
their body [64], [66 - 68]. Copper concentrations of
6.4±PJNJíLQWKHSODQWELRPDVVZHUHUeported
by Stoltz and Greger [69]. The Cu concentrations of
7±PJ NJí LQ SODQW ELRPDVV RI Paspalum
distichum and C. dactylon by Shu [70].
In the present study, the copper concentration is
more than 100 ppm in leaves and twigs of Flugia
monophylla, Rivea aurenata, and Pergularia
daemiama. In their associated soils concentration of
copper is less in concentration than their plant
concentration. Similarly, it is reported that the
accumulation of various metals (total Ag, As, Cu, Ni,
Pb and Zn) by different plant species (24 plant
species established in an abandoned copper mine)
were different [71].
Lead. Heavy metals make a significant
contribution to environment as a result of human
activities [72]. It is well known that, lead soil
pollution causes a wide range of health and
environmental problems [28]. In the environment,
lead is known to be toxic to plants, animals, and
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others accumulators.
This study was conducted to screen plants
growing on a contaminated site to determine their
potential for metal accumulation. Amongst the 50
plant samples of 10 plant species screened,
Calotropis gigantea, Cymbopogan citratus and
Almania longipendenculati for arsenic accumulation
plant parts of leaves and twigs. Uranium has been
accumulated in Almania longipendenculati and
Pergularia daemia plant species occurring on mine
tailings. Copper in Rivea aurenata, Pergularia
daemia and Flugia monophylla. In the case of lead
there is no significant accumulation plant occurring
in the uranium mining area. These plant species
collected from the contaminated site of
Tummalapalle uranium mining area was considered
as the most promising species for phytoextraction of
heavy metal contaminated sites.
The results offer additional information for the
use of these plant species as vegetative cover over
uranium mine tailing dumps and for uranium
phytoremediation. The utilisation of As based
pesticides or herbicides, irrigation with As
contaminated water, mining activities can cause
significant contamination of sediment [39].Arsenic
pollutes the environment by separating and diffusing
into soil and water [40]. Higher plants produce
varied responses to heavy metals in their
environment that interfere with genetic constitution
of plants [46], [60], [68], [82, 83].Taking into
account the level of soil contamination, the content
of accumulated uranium in studied plants
demonstrated that the potential utilisation in
phytoremediation
of
uranium-contaminated
mediums. Since it has been noted that plants vary in
their uranium uptake capacities, assortment of plant
species plays a key role in the development of
phytoremediation method. This study has given a
scope to identify the novel plant species with a very
high heavy metal-accumulating potential.
The soils show characteristics of the pollution
from the uranium waste rocks and tailings, with
regards to their radionuclide contents. Under natural
field conditions, the concentration of a radionuclide
in the receptor compartment (root or aboveground)
changed with the concentration in the source
compartment (soil) is high or low. Reclamation is an
essential part in developing mineral resources in
accordance with the principles of ecologically
sustainable development. The goal of surface mine
reclamation is to restore the ecological integrity of
disturbed areas. Revegetation constitutes the most
widely accepted and useful way of reclamation of
mine spoils to reduce erosion and protect soils
against degradation.

microorganisms. Effects are generally limited to
especially
contaminated
areas
[73].
Pb
contamination in the environment exists as an
insoluble form, and the toxic metals pose serious
human health problem, namely, brain damage and
retardation.
Contaminant uptake by plants and its
mechanisms have been being explored by several
researchers. It could be used to optimize the factors
to improve the performance of plant uptake. There is
evidence that plants can accumulate heavy metals in
their tissues such as Sebera acuminate and Thlaspi
caerulescens[74], Arabidopsis thaliana[75], Typha
latifolia, and Phragmites australis[76]. Certain plant
species viz., T. latifolia and P. australis have been
successfully used for phytoremediation of Pb/Zn
mine [77]. Metal accumulation by plants is affected
by many factors. The lead is a major soil contaminant
and very few metal-tolerant and hyperaccumulator
species have been reported. In addition, field of
Phaseolus vulgaris adjacent to old terrace alluvial
with mining tailings, were sampling, the
concentrations of lead in shoot were 258 ppm, in soil
251 ppm [78 ± 79]. The autochthonous plants
identified in this study are endemic of the semi-arid
region from Zacatecas, Mexico. The plants
associated to this mine tailing site, only Buddleja
scordioides can be classified as a lead tolerant plant
and it is a good indicator to be used in
phytoremediation of lead contaminated soils. It is
suggested that the lignifications of cell wall and
formation of metal-lignin complex might be one of
the primary mechanisms of Pb tolerance in the roots
of scented Geranium plant [80].
In the present study, Flugia monophylla Pb has
accumulated about 18.88 ppm in leaves and 13.48
ppm in twigs. Almania longipendenculati has
accumulated Pb in the range of 12.32 ppm in leaves
and 9.85 ppm in twigs (Table 1 and Fig. 1). The
uptake and translocation of Pb may also be
dependent on the mobility of Pb as well as its
competition with other metals within plants. In their
associated soils highest concentration of about
107.04 ppm is concentrated related to the soil of
Ricinus communis. Similarly, it is reported that
potential source of trace elements contamination in
soils at the Obuasi gold mine in Ghana and
concluded that low levels of accumulation plants is
due to the poor mobility of Pb in soils [81].

CONCLUSIONS
The results offer additional information for the
use of these plant species as vegetative cover over
uranium mine tailing dumps and for uranium and
arsenic phytoremediation. However, the heavy metal
concentration in leaves and twigs was highly
variable even for plants sampled at the same site and
from the same family as some were excluders and
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to evaluate long term sustainability of ecosystems is
to assess the quality of soil[6].
Recently, several bioindicators and biomarkers
of soil quality have been reviewed [7, 8, 9].
Biological factors may better indicate the
environmental status through the biotic indexes,
derived from the observation of bioindicator species
[1, 10]. Among them, microarthropods, due to their
high sensitivity to respond to environmental
changes, play a fundamental role in the dynamics of
organic matter and in the fragmentation of soils, at
different scales of time and space [11]. Thus, they
can also contribute to PHEs translocation through
the ecosystem in polluted environments. The Soil
Biological Quality index (QBS-ar), which is based
on microarthropod groups present in the soil [7],
may be applied to assess its biological quality: the
higher is the number of microarthropod groups
adapted to soil habitats, the higher is soil quality[9].
The present study was carried out to determine
the variability of soil properties and to evaluate soil
biological health state in a selected site in the
Jordanian coast of the Gulf of Aqaba. In order to
accomplish this objective we carried out several field
observations and laboratory measurements on soil
samples from an abandoned port site in Aqaba. Field
observations concerned soil morphology while
laboratory measurements covered heavy metal
concentrations; soil physiochemical parameters, and
TXDOLW\RIVRLO¶VELRORJLFDOFRPPunity.

ABSTRACT
Soils are the major sink for potentially harmful
elements (PHEs) released into the environment by
emissions from the quickly increasing of human
impact, such as industrial mine tailings, disposal of
high metal wastes, land misuse, wastewater
irrigation, spillage of petrochemicals, and
atmospheric deposition. We have investigated
properties variability and soil biological health status
in abandoned port site in the Jordanian coast of the
Gulf of Aqaba. Field observations as well as
laboratory analysis including heavy metal
concentrations; soil physiochemical parameters, and
TXDOLW\ RI VRLO¶V ELRORJLFDO FRPPXQLW\ Zere
determined in seven topsoil samples collected from
the study area. Results indicated that soils from the
study area were contaminated by PHEs (Cu and Zn)
due to former anthropogenic influences which were
also reflected in the microarthropods community.
KEYWORDS:
Potentially
harmful
microarthropods

elements,

soil

quality,

INTRODUCTION
Potentially Harmful Elements (PHEs) in soils
derived from activities of urban centers, rural
properties and industries are frequently released into
the environment and therefore they are of
increasingly growing concern worldwide [1, 2].Soil
contamination by PHEs may influence negatively
soil health, which often limits and sometimes
disqualifies soil biodiversity and decreases plant
growth [3]. Soil health is the continued capacity of
the soil to function as a living system, providing
fundamental ecosystem services. Within soils, all
biogeochemical processes of the different ecosystem
components are combined [4]. These processes are
able to sustain biological productivity of soil, to
sustain the quality of surrounding atmosphere and
aquatic environments, as well as to promote plant,
animal, and human health [5]. A common criterion

MATERIALS AND METHODS
Site description. The study area is an
abandoned port site in Aqaba located at the northern
end of the Gulf of Aqaba (Figure 1), which is the
northward extension of the desert-enclosed Red Sea.
The Gulf is a semi isolated basin separated from the
Red Sea proper by the Straits of Tiran, which are
about 240 m deep. The maximum depth of the Gulf
is 1830 m; its 180 km long and 5 - 26 km wide. The
Gulf is located within the very warm portion of the
Sahara bio-climatic zone. The climate is arid with
high evaporation (~400 cm/year) and negligible
precipitation (~2.2 cm/year) and runoff [12, 13].
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7KHPHDQVHDVXUIDFHWHPSHUDWXUHVDUHÛ&
and mean salinity values in the upper waters are
Å - Å > @ ([WUHPHO\ ROLJRWURSKLF
conditions are prevailing in the Gulf due to the arid
climate and because it receives its waters from the
nutrient-depleted Red Sea surface waters through the
Straits of Tiran. The deep light penetration and high
transparency due to low amount of resuspended
materials and fresh water flux results in extending
the depth limit of massive hermatypic corals such as
Porites down to 130m [12]. The sand beaches along
the southern coast of Aqaba are composed of coarse
particles, originating from the disintegration and
decomposition of terrestrial rocks. The particles
have been transported to the beach by water during
flash floods in the wadis, varying amounts of
calcareous, sand sized particles of biological origin,
such as fragments of shells and corals, are also
usually present [16].

at a depth of 15 to 20 cm as recommended by several
authors [17, 9]. Each soil sample was a composite of
3 subsamples collected in a given sector (1 m2).
Samples were mixed, packed and transported to the
laboratory.
The soil samples were air-dried and sieved to 2
mm and the following parameters were determined:
pH, soil dry mass, carbonate, water holding, organic
carbon content and soil particle size distribution
according to the procedures described earlier [18,
19].
PHEs determination. For the analysis of
PHEs, soil samples previously sieved to 2 mm were
milled with an agate mill and about0.2 g of the
powder obtained was subjected to a complete
digestion in the microwave in closed Teflon
containers. The breakdown was performed based on
specific soil digestion program according to Wahsha
et al. [20] and Nadimi-Goki et al. [21]. After cooling,
solutions were made up to 20 mL with Milli-Q water
and then filtered with Whatman filter paper 42. For
the instrumental method accuracy and the analytical
results quality, soil samples were prepared in
duplicate. Eight potentially harmful elements (Cr,
Pb, Cu, Cd, Ni, Fe, Zn, and Mn), were analyzed by
Flame Atomic Absorption Spectrometry (AAS) at
the laboratories of the Marine Science Station.

Soil sampling. Seven sites were selected
according to different morphological and
pedological conditions and anthropogenic impact
and the same climate conditions. Successively, all
locations were sampled for topsoil in the period
between spring-summer 2014. Soil pits were opened
and described following the international guidelines.
Soil samples were collected from the upper horizon

FIGURE 1
Location of the studied area showing the soil sampling sites (S1-S7).
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TABLE 1
Selected physiochemical properties of the examined soils. All data are expressed as mean values (n = 3) ±
S.E.
Site

pH

Soil dry

Carbonate

mass (g)

Structure

Water holding
capacity (%)

Organic carbon content
(g/kg)

S1

7.6 ± 0.5

0.89 ± 0.7

Partially weak

47.57

4.48 ± 0.7

S2

7.7 ± 0.6

0.95 ± 0.2

Partially weak

30.57

0.79 ± 0.1

S3

7.8 ± 0.5

0.91 ± 0.3

Partially weak

30.29

5.45 ± 0.3

S4

8.3 ± 0.4

0.96 ± 0.4

Intermediate

24.33

2.00 ± 0.4

S5

8.5 ± 0.6

0.90 ± 0.1

Intermediate

40.06

2.67 ± 0.3

S6

8.1 ± 0.8

0.98 ± 0.3

Intermediate

26.46

3.58 ± 0.2

S7

8.0 ± 0.4

0.97 ± 0.4

Partially weak

27.10

1.45 ± 0.2

salts. Anthrosols comprise soils that have been
modified profoundly through human activities, such
as addition of organic or mineral material wastes
[22].
Summary of some selected soil variables (pH,
soil dry mass, carbonate, water holding, organic
carbon content and soil texture) for all soil samples
is given in Table (1). Many chemical and physical
characteristics of the studied soils vary; soil pH is
one of the most indicative measurements of the soil
chemical properties. All biological and chemical
reactions in soils are related and affected by pH.
Most pH values of the studied soil samples are basic
(range 7.6 - 8.3) depending on the lithology of parent
material. Moreover, soil dry mass has shown
generally values between 0.89 and 0.98 g (Table 1).
Soil organic carbon content is highly variable
in the examined soils. The values ranged from 0.79
to 5.54 g kg-1 and they are generally lower than those
of control (20 g kg-1) as recorded by Wahsha et al.
[3, 17].The distribution of carbonates can vary
greatly with the soil particles and one way of
distinguishing the differences is in the location of the
effervescence around the small insulated particles
such as nodules[4]. Our results for soil calcium
carbonate content from the studied samples ranged
from intermediate for sites 4, 5, and 6 and partially
weak for the sites 1, 2, 3 and 7, respectively.
Regarding the soil particle size distribution, the
differences between the different sites were minor
(Table 2). Soil from all sites had almost similar
textural composition, however, soil from site (S2)
have the highest content of the fine sand particles
compared to other sites. The most dominant
fractions from the all sites were the coarse sand
P ZKLFKFRPSULVHVDERXWRIDOO
sizes (Fig. 2). Regarding the clay content, soil
samples from S1 and S2 sites had the highest percent
with values ranged between 1.55-3.66%. However,
the values from other sites ranged between 0.460.93% with average of 0.72±0.17%.In general, soil

Soil Biological Quality index (QBS-ar). For
QBS-ar evaluation, the humus and soil samples were
carefully placed on the mesh filter (2 mm) above the
Berlese-Tullgren funnel for 14 days as
recommended by Parisi et al. [7]. The light (heat
source) creates a temperature gradient over the soil
sample. Thus, the soil organisms (microarthropods)
will escape downward passing through the filter and
finally will fall into a collecting flask containing a
preservative liquid (75% ethyl alcohol). Afterwards,
the fallen organisms were collected and identified by
light microscope. Subsequently, each type of
organisms found in every sample is evaluated
according to its adaptation to soil edaphic
environment (Eco-Morphological Index, EMI),
receiving a score from 1 to 20. Eu-edaphic (deep
soil-living) organisms get an EMI=20, hemi-edaphic
(intermediate) get a rate proportional to their degree
of specialization, epi-edaphic (surface-living)
organisms get an EMI=1. Some orders gain a single
EMI value, because all species belonging to these
orders are eu-edaphic. Other orders exhibit a variety
of EMI values, because they have species with
different soil adaptation levels[8].
Statistical analysis procedure. Results were
subjected to one-way analysis of variance
(ANOVA), and represent means ± S.E (standard
errors). Correlation coefficient was used to
determine the strength and direction of linear
relationships between groups of variables. Statistical
significance was declared when p value was equal to
or less than 0.05. All statistical analyses were
performed using the software Statistica version 9.

RESULTS AND DISCUSSION
Physiochemical properties of soil samples.
Soils were classified according to the World
Reference Base for Soil Resource, 2014 as Salic
anthrosols; Salic: high amounts of readily soluble
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mgkg-1 and between 3632.1 to 3406.1 mgkg-1 for Fe.
While there is a contamination by Zn and a high
contamination by Cu, particularly in the soil of the
areas affected by former port loading, unloading and
storage activities. The concentrations were highly
variable (8.7-648 mg kg-1) for Cu, and (70.6-298.6)
for Zn. The correlation coefficient between Cu and
Zn (Cu/Zn = 0.945, significant at p < 0.05) is
consistent with their calcophilous behavior, since
these metals tend to form compounds with sulfur, as
chalcopyrite (CuFeS2), sphalerite (ZnS) commonly
found in the port deposits [25, 24].

texture from all study sites is typically Sand
according to Soil Taxonomy classification[23].
Heavy metal contents. The concentrations of
heavy metals in the studied soil samples are shown
in Table (2). The concentrations of Pb, Cd, and Ni
were below detection limit (ND), however, other
metals showed different values. Comparing the
values found with those of international levels,
excessive values, residential and industrial limits [3,
17, 24] the area seems to be not contaminated by Cr,
Mn and Fe. Values for Cr range between 14-38.2

FIGURE 2
Distribution of silt, clay and sand fractions (%) of the studied soil samples









 



 








 














TABLE 2
Heavy metal concentrations (mg.kg -1) in the studied soil samples compared to international soil levels.
Site
Cr
Pb
Cu
Cd
Ni
Fe
Zn
Mn
38.2 <DL 8.7
<DL <DL 2921.1 125
190
S1
25.8 <DL 16.4 <DL <DL 2625.1 71.8
93
S2
27.2 <DL 648 <DL <DL 3406.1 533
77.6
S3
21.6 <DL 86.8 <DL <DL 3109.1 198.8 123
S4
20.5 <DL 11.8 <DL <DL 3150.1 76.4
385.9
S5
17.1 <DL 126 <DL <DL 3259.1 298.6 156
S6
94.1
14
<DL 18.3 <DL <DL 2632.1 70.6
S7
20
0.3
40
50
850
*International average 200 10
100 100
100 5
100 250
1500
*Excessive values
150 100
120 120 150
*Residential Limits
800 1000 600 500 1500 *Industrial Limits
* Reference average values (adopted from Wahsha et al.[17]). ND= below detection limit.
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TABLE 3
Summary of the QBS-ar result of the studied soil samples.
Site
S1
S2
S3
S4
S5
S6
S7

EMI
6
5
10
7
1
10
5

QBS-ar class
1
1
1
1
1
1
1

Number of biological forms
2
1
1
3
1
2
1

Soil health index. Table (3) shows a summary
of the QBS-ar values of the studied soil samples. The
QBS-ar index is based on the different
microarthropodgroups present in a soil sample [26].
The higher soil quality, the higher the number of
microarthropod groups adapted to soil habitats [27].
The QBS-ar values from the study area fall within a
narrow range (between 1 and 10). No significant
differences in QBS-ar values between different sites
were recorded. Several studies [9, 4, 7] showed that
QBS-ar values between 100 and 200 identify a stable
ecosystem and quality, but it should be noted that
usually the values of QBS-ar in the forest soils are at
least equal to 130 [28].
All investigated sites have bad soil biological
quality, since they have QBS-ar values less than 10.
On the other hand, it was possible to assign QBS-ar
classes of soil biological quality and it was "one" in
all sites.The lower QBS-ar class indicates a state of
suffering of the soil [28],and this has been observed
in all sites where the effects of port activities
accumulated over years, including former port
loading and storage services and high amounts of
readily soluble salts in the upper horizons.
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PROTECTIVE EFFECTS OF VITAMIN C, VITAMIN E, AND
BETA-CAROTENE AGAINST NICOTINE INDUCED
OXIDATIVE DAMAGE TO URINARY SYSTEM OF
ALBINO RATS
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of mainstream smoke (8% of the total smoke)
contains tar product such as naphthalene, pyrene and
nitrosamine [2,3] and metal such as Cadmium,
Polonium, Selenium, Mercury, lead and Arsenic [4].
Side stream smoke is a mixture of toxic gases and
particles of cancer-causing tar, which represents
about 85% of air pollution in closed areas [5]. The
nicotine in cigarette activates the sympathetic
nervous system with consequent effect on the
vasculature, including an increase in heart rate and
blood pressure as well as peripheral vasoconstriction
[6]. The acute cardiovascular effects of tobacco
smoking have been mainly attributed to nicotine and
carbon-monoxide [6,7]. The physiological effects of
carbon monoxide are ascribed to increase carboxyhemoglobin level, which acts to reduce the oxygen
capacity of blood [6]. Water-Pipe is a traditional
method of smoking tobacco leaves in the Middle
East and the Indian subcontinent [8]. The most
common type of tobacco used in Water-Pipes is
called Maassel, which is a sweetened and flavored.
Other forms of tobacco may contain less sweeteners/
flavors and are called Ajami, Tumbak, or Jurak [9].
Although the effect of nicotine in leading to tissue
damage has been demonstrated in many studies
[6,7]. Little is known about the protective effects of
vitamin-C, vitamin-E and beta-carotene treatment in
the tissue damage that is induced by chronic nicotine
exposure. The primary purpose of this study was to
evaluate the cytotoxicity of nicotine extracted from
a Jordanian narghile-tobacco and the possible
protective effect of antioxidant (vitamins) on the
tissue repair. The use of antioxidants as possible
protective agents is justified according to their
expected role in detoxification.

ABSTRACT
Although the effect of nicotine in tissue damage
has been demonstrated in many studies; little is
known about the protective effects of vitamin-C,
vitamin-E and beta-carotene treatment in the tissue
damage that is induced by chronic nicotine exposure.
Several studies demonstrate that vitamin C, vitamin
E, and beta-carotene treatment prevents tissue
damage in various models of inflammation. The aim
of this study was to investigate the effects of vitaminC, vitamin-E, and beta-carotene treatment on
nicotine-induced oxidative changes in urinary
system in rat, and to explore the possible
mechanisms of action. Male Wistar albino rats were
injected with nicotine 1.25 mg/kg i.p.) or saline for
28 days. Vitamin-C (125mg/kg b.wt. p.o.), vitaminE (50mg/kg b.wt. p.o.), and/ or beta-carotene
(40mg/kg b.wt. p.o.) were administered on
alternative days. At the end of the treatment period
kidney and bladder tissue samples were collected
and examined histologically. Vitamin C, vitamin E,
and beta-carotene supplementation to nicotinetreated animals, reversed partially or completely the
cytotoxicity of nicotine in both urinary bladder and
kidney tissues. These data suggest that various
vitamins(antioxidant) supplementation effectively
counteracts the deleterious effect of chronic nicotine
administration in urinary system and attenuates
oxidative damage possibly by its antioxidant effects.

KEYWORDS:
Nicotine; Vitamins; Oxidative stress, Urinary system

INTRODUCTION
MATERIALS AND METHODS
Cigarettes contain more than 4,000 chemicals
that have been identified [1]. The gaseous
component of mainstream smoke (92% of the total
smoke) involves 400-500 different gases which
include carbon- monoxide, nitrogen oxide, hydrogen
cyanide, formaldehyde and ozone. Particulate matter

Chemicals. Standard solution of nicotine
(1mg/ml in methanol), sodium hydroxide, diethyl
ether, methyl tetra-butyl ether and sodium hydroxide
were purchased from Sigma-Aldrich Co. (USA).
Other chemical were of analytical grades.
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Group VI: treated with nicotine (2 mg/kg/day,
i.p., 28 days) + vitamin-C (125 mg/kg/alternative
days, b.wt., p.o.) + vitamin-E (50 mg/kg/alternative
days, b.wt., p.o.)
Group VII: treated with nicotine (2
mg/kg/day, i.p., 28 days) + beta-carotene (50
mg/kg/alternative days, b.wt., p.o.) + vitamin-E (50
mg/kg/alternative days, b.wt., p.o.)
Group VIII: treated with nicotine (2
mg/kg/day, i.p., 28 days) + vitamin-C (125
mg/kg/alternative days, b.wt., p.o.) + beta-carotene
(50 mg/kg/alternative days, b.wt., p.o.)

Experimental animals. All animals (48
Wistar albino rats) were acclimatized (temperature
25±2 °C; humidity 60%) for 10 days, had free access
to water and food. All experiments on animals were
conducted as per the Animal Ethics guideline.
Extraction of Nicotine and characterization.
Nicotine was isolated from dried tobacco (Tombak
leaves brought locally) with dilute aqueous alkali
and ether. Powdered Tombak leaves (100g) were
soaked and shaken for 3h with aqueous sodium
hydroxide (0.5N, 500 ml).The soaked material were
filtered under vacuum through a Buchner funnel
using a thin layer of glass-wool and then the leached
tombak leaves were washed with water. The dark
brown filtrate was transferred to a separatory funnel
and extracted with 3x100 ml of ether. The organic
layer was collected dried with exsiccated sodium
sulfate and decanted into a clean beaker. The
collected organic layer was evaporated using a
rotatory vacuum evaporated and the oily product was
collected [10] and analyzed. In a separate experiment
the percent of nicotine in tobacco and percent purity
of extracted nicotine was determined using GC-FID
following the analytical method described by Stanfill
et al. [11]. The tombak contains 3.75 + 0.25% of
nicotine. The percent purity of extracted nicotine
was 97.5%.

Histological study. To study the effect on
histology at the end of the period, kidney and urinary
bladder tissues were processed for light microscopy
according to Shraideh and Najjar [12]. Rats were
sacrified progressively 6-8 weeks post treatment.
The entire organs of
animals from each
experimental group in addition to control group will
be cut out with great care.

RESULTS
Effects on Kidney. Several histological
changes in the kidney were observed and are
summarized below:
Group- I (Negative control group).
Microscopic examination of the kidney revealed the
normal structure of kidney cortex, medulla and the
collecting ducts and loops of Henle of this group of
rats were free from any abnormalities (Figure 1a-c).
Group- II (Positive control group: rats were
treated with nicotine). Following histopathological
alterations were observed in the kidney tissues of
positive control animals. Infiltration of RBCs in the
interstitial (intertubular) tissue and edema was
observed (Fig. 2a-e).
Figure 2b and 2c shows the disintegration,
degeneration of collecting duct and hyaline casts in
proximal and distal tubules. Thickening of BM in
collecting ducts was also observed (Fig. 2c).
Congestion and vacuolization in urothelium, and
blood infiltration in kidney calyx was observed in

Experimental Design. Forty eight male albino
rats(6 rats/group) were used in these experiments.
The groups were as follows:
Group I: The negative control group received
0.9% NaCl solution intraperitoneally (i.p.)
Group II:The positive control group received
nicotine (2 mg/kg/day, i.p. for 28 days)
Group III: treated with nicotine (2 mg/kg/day,
i.p., 28 days) + vitamin-E (50 mg/kg/alternative
days, b.wt., p.o.)
Group IV: treated with nicotine (2 mg/kg/day,
i.p., 28 days) + vitamin-C (125 mg/kg/alternative
days, b.wt., p.o.)
Group V: treated with nicotine (2 mg/kg/day,
i.p., 28 days) + beta-carotene (50 mg/kg/alternative
days, b.wt., p.o.)

c
b
FIGURE 1
Light micrograph of a section in the kidney (Group-1:control), demonstrating (a) normal kidney tissue,
(b) collecting ducts and loops of Henle and (c) medulla of kidney (bar= 130 μm).
a
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capsules, and disintegration of epithelium of renal
tubules (Fig. 3a), (b) Cell exudates in renal tubules
and loop of Henle (Fig. 3b), (c) condensed and
necrotic nuclei in kidney medulla and urothelium
(Fig 3c) and
desintegrated epithelium and
infiltration of RBC in renal tubules and loop of Henle
(Fig. 3d)

Fig. 2d-e.
Group- III (rats exposed to nicotine and
treated with vitamin-E). Microscopic examination
of kidney tissues of rats exposed to nicotine and
treated with vitamin E showed milder
histopathological alterations like (a) glomerulus with
condensed nuclei, infiltration of RBC between renal

c

b

a

d

e
FIGURE 2
Photographs showing sections from kidney of experimental animals of group II indicating (a) bleeding and
intertubular infiltration of RBCs, (b) degeneration of tubule and sloughing of epithelia with exudates, (c)
irregularity and thickening of basal lamina of collecting ducts (bar= 50 μm), (d) blood infiltration and (e)
congestion of urothelium.

a

b

c

d
FIGURE 3
Photographs showing sections from kidney of experimental animals of group III indicating (a)
condensation of glomerulus and infiltration of RBCs, between renal capsule and renal tubules with
disintegration of renal tubules, (b) exudates in renal tubules and loop of Henle, (c) disintegration of
epithelium of collecting ducts, (d) disintegration epithelium of renal tubules and loops of Henle
with blood infiltration (bar= 50μm).

1391





© by PSP

Volume 26 ± No. 2a/2017, pages 1389-1396

Fresenius Environmental Bulletin

FIGURE 4
Photographs showing sections from kidney of experimental animals of group IV: (a) normal appearance
of glomerulus and well preserve renal tubules and (b) normal structure of Loops of Henle and collecting
ducts. (bar= 65 μm).

a

b
FIGURE 5
Photographs showing sections from kidney of experimental animals of group V: (a) condensed glomerulus
and slight disintegration of renal tubule epithelium with blood infiltration between tubule and (b)
condensed nuclei in epithelium of collecting tubules and loops of Henle (bar= 50 μm).
loop of Henle and urothelium showed condensed
nuclei (Fig. 5b).

Group IV (rats exposed to nicotine and
treated with vitamin C). Microscopic examination
of kidney tissues of rats exposed to nicotine and
treated with vitamin C showed well preserved
tissues, when compared with the control. (Fig. 4a-b).

Group VI (rats exposed to nicotine, treated
with vitamin C and E). On Microscopic
examination of kidney tissues of rats exposed to a
mixture of nicotine and vitamin C, showed well
preserved tissues, when compared with the control.
The cross sectional view showed well protected cells
(Fig. 6a), normal nephrons showing minor
disintegration of tubular epithelium (Fig. 6b) and
well protected collecting tubules and loops of Henle
(Fig. 6c).

Group V (rats exposed to nicotine and
treated
with
beta-carotene).
Microscopic
examination of kidney tissues of rats exposed to
nicotine and treated with beta-carotene, showed
milder histopathological alterations viz. (a)
Glomeruli are condensed, with slight disintegration
of lining epithelium and blood infiltration between
renal tubules.(Fig. 5a) and (b) collecting tubules,

b
c
FIGURE 6
Photographs showing sections from kidney of experimental animals of group VI: (a) normal renal
corpuscles and renal tubules, (b) corpuscles and renal tubules, epithelium of tubules shows some
disintegration and exudates (bar= 65 μm). and (c) normal collecting tubule and loops of Henle
(bar= 50 μm).
a
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transitional epithelium. (Fig. 9).
Group II (rats exposed to nicotine).
Histopathological alterations were observed in the
sectional view of urinary bladder viz. (a) Transitional
epithelium with condensed nuclei indicating
necrosis or disintegration. In addition to
inflammatory areas in submucosa. (Fig. 10a),
necrotic and inflammatory areas in muscle layers
(Fig. 10b).
Group III (rats exposed to nicotine and
treated with vitamin E). Microscopic examination
of urinary bladder tissues of rats exposed to nicotine
and treated with vitamin E, showed milder
histopathological alterations.
Group IV (rats exposed to nicotine and
treated with vitamin C). shows well preserved
tissues, when compared with the control.
Group V (rats exposed to nicotine and
treated
with
beta-carotene).
Microscopic
examination of urinary bladder tissues of rats
exposed to a mixture of nicotine and beta-carotene,
showed milder histopathological alterations.

Group VII (rats exposed to nicotine and
treated with vitamin E and beta-carotene).
Microscopic examination of kidney tissues of rats
exposed nicotine and treated ZLWK ȕ-carotene and
vitamin E showed well preserved tissues, when
compared with the control. Overview of kidney
cortex shows well preserved tissues (Fig. 7a).
Glomeruli showed slight condensation of nuclei and
slight disruption of renal tubules epithelial lining
(Fig. 7b). Loops of Henle (Fig. 7c), Urothelium and
kidney pelvis are well protected (Fig. 7d).
Group VIII (rats exposed to nicotine and
treated with vitamin C and beta-carotene).
Microscopic examination of cross sectional view of
kidney tissues showed well preserved tissues. Renal
capsule and renal tubules are well protected (Fig.
8a).
Collecting tubules, loops of Henle and
urothelium showed normal structure.(Fig. 8b-c)
Effect on Urinary bladder. Control rats.
Microscopic examination of the urinary bladder of
control group revealed normal structure, with intact

b

a

d
FIGURE 7
Photographs showing sections from kidney of experimental animals of group VII: (a) renal structures
relatively are preserved with some degenerative changes; (b) renal tubules with condensed nuclei (bar= 65
μm); (c) normal collecting tubule and loops of Henle (bar= 50 μm) and (d) collecting ducts with normal
urothelium.
c

a

b
c
FIGURE 8
Photographs showing sections from kidney of experimental animals of group VIII: (a) renal corpuscle and
renal tubule; (b) renal tubules (bar= 50 μm), and (c) well preserved collecting ducts and loops of Henle
(bar= 65 μm).
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FIGURE 9
A section from urinary bladder of Group I (control), showing normal transitional
epithelium (bar= 50 μm).

b
FIGURE 10
Photographs showing sections from urinary bladder of experimental animals of group II: (a) Transitional
epithelium with loss of normal contour and spaces between epithelial cells and (b) muscularis layer of
urinary bladder showing loss of organization and degenerative changes in smooth muscles (bar= 50 μm).
a

a

b
FIGURE 11
Photographs showing sections from urinary bladder of experimental animals of group III, (a) showing
normal appearance of transitional epithelium and (b) normal bundle of smooth muscle cells (bar= 50 μm).

examination of urinary bladder tissues of rats
H[SRVHGWRQLFRWLQHDQGWUHDWHGZLWKȕ-carotene and
vitamin C showed well preserved tissues, when
compared with the control. Transitional epithelium
and inner smooth muscle layer are well preserved
and have normal structure(Fig. 12a). Smooth muscle
layer( middle) is well preserved (star), with few
necrotic nuclei (Fig. 12b). Outer smooth muscle
layer and adventitia are less affected, and showed
normal structure (Fig.12c).

Group VI (rats exposed to nicotine, treated
with vitamin C and E). Microscopic examination of
urinary bladder tissues of rats exposed to nicotine
and treated with vitamin C and vitamin E showed
well preserved tissues. Transitional epithelium
showed good appearance and no nuclear
condensation was observed. Inner smooth muscles
have normal structure.
Group VII (rats exposed to nicotine, treated
with vitamin E and beta-carotene). Microscopic
examination of urinary bladder tissues of rats
exposed nicotine and a mixture of carotene and
vitamin E showed well preserved tissues, when
compared with the control. Transitional epithelium
is well preserved (Fig. 11a). Smooth muscles have
normal structure (Fig.11b ).
Group VIII (rats exposed to nicotine, treated
with vitamin C and beta-carotene). Microscopic

DISCUSSION
This work concentrated on the cytotoxicity of
nicotine extracted from a Jordanian narghiletobacco. The effect of nicotine on histology of
selected tissues of kidney and urinary bladder of
1394





© by PSP

Volume 26 ± No. 2a/2017, pages 1389-1396

Fresenius Environmental Bulletin

c
b
FIGURE 12
Photographs showing sections from urinary bladder of experimental animals of group VIII: (a) normal
transitional epithelium and smooth muscle bundles, (b) normal arrangement of smooth muscles layer
with few pyknotic nuclei and (c) normal smooth muscle layers and adventitia (bar= 50 μm).
a

cortex shows well preserved tissues, glomeruli with
slight condensation of nuclei and slight disruption of
epithelial lining of renal tubules. The loop of Henle
was well protected.
The best protection of kidney and urinary
bladder against nicotine treatment was achieved by
administration of vitamin-C and beta-carotene
together. Microscopic examination of kidney tissues
of rats exposed to nicotine and a mixture of betacarotene and vitamin-C showed well preserved
tissues, when compared with the control. Renal
capsule and renal tubules are well protected.
Collecting tubules, loops of Henle and urothelium
showed normal structure. Urinary bladder showed
well preserved transitional epithelium. In addition,
inner smooth muscle layer are well preserved and
have normal structure. Gawish et al. [14] obtained
similar protective effects of green tea extraction
some organs of Swiss albino mice by using
histological,
histomorphometerical
and
cytogenetical studies.
The ameliorative effect of vitamins against
nicotine can be explained by their antioxidant
activity. In conclusions, the administration of
vitamins might suppress the cytotoxicity of nicotine.
This study suggested that vitamin combination may
be useful in combating tissue damage caused by
nicotine toxicity.

albino rats, and the possible protective effect of
antioxidants (vitamin-C, vitamin-(DQGȕ-carotene)
were investigated.
Nicotine administration (1.25 mg/kg i.p)
caused drastic histological damage to the kidneys of
treated rats. These changes included: edema or
infiltration of RBCs in the interstitial (intertubular)
tissues, degenerated kidney tubules and sloughing
oxidants in tubular lumen; degeneration of collecting
ducts, congestion, vacuolization in urothelium and
blood infiltration in kidney calyx. These results are
consistent with previous studies on renal damage
caused by chronic nicotine administration [13]. In
that mentioned study, Melatonin were used to
reverse urinary and aorta damage in the rat due to
chronic nicotine administration [13]. In this study
Antioxidant were investigated for their protective
role. Combine administration of nicotine with
vitamin-C, vitamin-E, beta-carotene, or their
combinations resulted in marked ameliorations of
the renal changes using histological observations.
Administration of vitamin-E combined with
nicotine caused a minimum protection to renal
tissues. Microscopic examination of kidney tissues
of rats exposed to a mixture of nicotine and vitaminE, showed milder histopathological alterations.
Kidney and urinary bladder are still affected by
nicotine treatment. Microscopic examination of
kidney tissues of rats exposed to a mixture of
nicotine and vitamin-C showed well preserved
tissues, when compared with the control. Kidney and
urinary bladder tissues look nearly similar to control.
Kidney of rats exposed to nicotine and treated
with beta-carotene showed milder histopathological
alterations. Glomeruli were condensed, with slight
disintegration of lining epithelium, and blood
infiltration between renal tubules. Microscopic
examination showed a good protection of collecting
tubules and loops of Henle.
Administration of vitamin-C and Vitamin-E
together showed well preserved tissues, when
compared with the control. There was only a slight
disintegration of tubular epithelium.
The kidneys of rats treated with nicotine,
followed by vitamin-E and beta-carotene
administration, preserved these tissues from possible
damage, when compared with the control. Kidney
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EFFECT OF ARTIFICIALLY ESTABLISHED BROADLEAF
STANDS ON TRAFFIC NOISE ATTENUATION
Rajko K Milosevic,Marijana R Novakovic-Vukovic*
University of Belgrade, Faculty of Forestry, Belgrade, Serbia

Estimated exposure to noise at workplace is
highest in the mining industry (76%), followed by
forestry and wood industry (55%) [2].
A high noise level represents a risk to hearing
loss for workers exposed in long time periods,
which represents a serious health concern. Aiming
at the reduction of injurious consequences, this
matter is generally regulated by legislation, i.e. the
permitted noise level is prescribed as well as
measures which should be undertaken with purpose
of eliminating the harmful consequences.
Exposure to chronic noise induces an increase
in systolic blood pressure. Lee reports it was higher
by 1.7 mm Hg in the group of worksite workers
who were exposed to noise below 85 dB and used
hearing protection devices, earplugs or other types
of hearing protection devices, in comparison to
office workers who were exposed to <60 dB at
work [3].
Over the last several years, noise on highways
has increased and the objective of many studies is
to discover different ways for noise pollution
abatement.
Among the designed parallel barriers, the best
overall performance was achieved by introducing
barrier model PGG. Using this parallel diffusive
barrier, the overall performance of the fully
absorbent parallel barrier model PAAT improved
by 3 dB (A) and the performance of the equivalent
rigid parallel barrier improved by 5.8 dB (A). [4]
In open areas, establishment of shelterbelts is
an effective solution. The effect of three different
plantation types including pure and mixed
plantations of Robinia pseudoacacia and Pinus
eldarica on noise pollution reduction was
researched in Chitgar forest park of Tehran[5].
Results of this research showed that mixed
stands of R. pseudoacacia and P. eldarica had the
best effect on noise pollution reduction, which was
about 16.91 dB (A) at the distance of 100 m.
A great number of studies had also been
examining the impact of tree belts width on noise
reduction and altogether concluded that tree belts
which are more than 30 m wide can reduce noise
for about 4-8 dB (A) [6].Foreign experience and
studies showed that a 50 m wide belt of beech trees
can reduce the noise by 8-9 dB (A) [7].Trees should
be well protected, as the plantation establishment
period is rather long.

ABSTRACT
An artificially established mixed broadleaf
stand consisting of Norway maple, black locust,
and other hard broadleaves was researched in the
region of Belgrade, Serbia. The level of traffic
noise was measured during the winter and summer
periods, in the morning, at noon, and in the
evening, at the distance of 0, 100 and 150 m from
the noise source, in the open and in the forest.The
measurement
was
performed
at
twelve
measurement points. Noise levels recorded in the
open and in the forest during the winter were lower
than noise levels recorded in summer, regardless of
the time of day. Also, noise levels were
significantly decreasing with the increase of
distance from the noise source. The reduction was
substantially greater in the forest, especially during
the growing season, where the reduction in the
initial noise level at the distance of 150 m from the
noise source was 46.1%, and 23.6% in the open.
During the winter, the reduction in noise level at the
distance of 150 m from the noise source was 36.7%
in the forest, and 20% in the open. As for the time
of day, registered noise levels were highest in
mornings, while differences in noise levels at noon
and in the evening were minimal. Based on the
study analyses, it can be concluded that the
broadleaf stand consisting of Norway maple, black
locust, and other broadleaves had a significant
effect on the noise level attenuation.

KEYWORDS:
forest type, noise, tree belt, vegetation period

INTRODUCTION
Noise has an adverse effect on the vitality of
organs and apparatuses of human body, including
the cardiovascular system. Noise also affects the
central and peripheral receptors, but benzodiazepine
receptorssignificantly prevent the noise-induced
damage[1].
The differences in the amount and duration of
the protecting effect depend on variability in
potency of the harmful effect.
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(without slope and aspect).The selected sample plot
was measured at 12 measurement points at the
distance of 0, 100 and 150 m from the direct noise
source (Fig. 2). Measurement point No. 1 was
located in the open area next to the noise source.
Measurement points 2, 3 and 4 were positioned
along the forest border, and also directly behind the
noise source.Measurement point No. 5 was
positioned in the same direction from measurement
point No. 4 at the distance of 100 m from the noise
source in the forest interior.

MATERIAL AND METHODS
Data sampling. The investigation was carried
out in Belgrade, along the highway BelgradeZagreb, in the artificially established shelterbelt
consisting of the mixture of Norway maple (Acer
platanoides), black locust (Robinia pseudoacacia)
and other hard broadleaves (Fig.1). The area of the
shelterbelt was 2.25 ha. Its age was 35 years, the
canopy was discontinued and it was in poor health.
The land on which the belt was established was flat

FIGURE 1
Protective forest belt (Belgrade-Zagreb highway)

FIGURE 2
Distribution of measurement points
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TABLE 1
The average measured values of noise level
Period
Distance (m)

Open area

Forest

SUMMER
0
100
morning
noon
evening
morning
noon
evening

81.5
81.4
81.1
82.7
80.3
80.9

66.6
65.7
64.8
52.2
50.3
50

WINTER
150
0
100
dB
63.1 81.6 69
62.2 81.2 67
61.2 81.2 67.7
45.4 82.6 59.2
44.5 81.3 55.9
43.4 81.3 56.4

150
66.3
64.8
65.3
54.2
50.1
50.4

on the soils on loess and leached soils; forest type
of common oak (Quercetum roboris) on calcareous
chernozem, medium deep to deep. The artificially
established stands of Norway maple and sycamore
maple were studied on the site of the last above
listed forest type. The tree layer consists of Norway
maple (Acer platanoides) and sycamore maple
(Acer pseudoplatanus). In the shrub layer,
frequently found species were Acer negundo,
Clematis vitalba and Sambucus nigra. In the ground
flora layer, the highest percentage belonged to
semi-weed and weed species of wide ecological
amplitude. The soil is a moister form of chernozem,
about 110 cm deep, with strong processes of CaCO 3
leakage from the A horizon and its accumulation in
the transitional A/C horizon. Taking into account its
physical and chemical characteristics, this soil has
high ecological and productive potential.

Measurement point No. 6 was positioned 100
m from the noise source, and also measurement
point No. 7, but in a different direction (Fig.2).
Measurement point No. 8 was positioned in the
open area at the distance of 100 m from the noise
source and measurement point No. 9 was positioned
at the distance of 150 m from the noise source in
the open area, in the direction of measurement point
No. 8. Measurement points No. 10, 11 and 12 were
located in the forest interior at the distance 150 m
from the noise source in different directions.
Measurement points No. 2, 7 and 10 belonged
to a series of points established within track I,
measurement points 3, 6 and 11 were within track II
and measurement points 4, 5 and 12 were within
track III.
The distance between series of measurement
points in the forest interior was 50 m, and the
distance between the track I and the series of points
located in the open area, to avoid the lateral effect
of the forest, was 150 m. The study included the
soil and phytocoenological investigations within
each track and the definition of ecological units.
Noise intensity was measured using the sound level
meter instrument (BS 15) placed at 1.5 m height.
The study included both winter period and summer
growing season. Data obtained in performed
measurements were processed by standard
mathematical and statistical methods.

RESULTS AND DISSCUSION
Based on recorded measurements, average
values of noise level were calculated for summer
and winter periods, in the open area and in the
forest (Table 1). There are no statistically
significant differences (F-0.32, p-0.726) between
noise level values measured directly behind the
noise source, both in summer and in winter,
regardless of the time of day.
At other measurement points, i.e. at the
distance of 100 and 150 m from the noise source,
statistically significant differences between the
measured values depending on the time of day, in
summer and in winter, were found. The test results
(Duncan test) showed that noise level measured in
the morning, both in the open and in the forest, in
winter period, differed significantly from the noise
level measured at noon and in the evening. The
values at the distance of 100 m (F-85.9, p-0.000)
and at the distance of 150 m (F-50.04, p-0.000)
were higher in the forest, compared to the values
measured in the open at the distance of 100 m (F7.46, p-0.001), and at the distance of 150 m (F6.43, p-0.003). Also, during the summer period,

Typological classification of stands. Based
on the typological study and classification by
standard typological methods [8] [9], the stand in
which the acoustic measurements were performed
was typologically classified as the most
xerothermic variant of common oak forests, which
makes a very modest percentage of the total area
covered by common oak forest types. They are
mainly distributed in the form of fragments.
According to typological classification system,
these forests were grouped in typological
classification categories, starting from belts to the
basic ones: complex of xerothermophilous
Hungarian oak-Turkey oak and other forest types;
coeno-ecological group of common oak forests
types with Tartar maple (Aceri tatarici-Quercion)
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management and control action plans different
protection measures are applied to prevent or
attenuate the noise, including: various types of
isolation, absorption and technological measures;
corresponding measures of spatial-temporal noise
reduction; recentlydeveloped various GIS program
packages that include broad spectrum of various
IDFWRUV¶LQIOXHQFHRQQRLVHOHYHOUHGXFWLRQVWDUWLQJ
from the noise source to the reception point [10], as
well as the influence on overall pollution increase
and environmental deterioration [11]; and use of
specific software packages that enable estimation of
influence on the environment [12]. In addition,
special attention has been devoted to the perception
of quality of life and environment. Research on
perceptionof quality of life represents an adequate
tool for managing sustainable development,
especially in urbanism, urban regeneration and
residential area planning [13].
Ecological measures of noise control include,
inter alia, the implementation of the most favorable
spatial distribution to mitigate the noise impact.
Thus, in urban environments, noise problems can
be solved by relocating the roads outside the
residential zones or by using underground roads.
Noise can also be mitigated with belts of high trees
or protective barriers (noise screening).The above
analyses showed that the average noise level in
winter period was higher than in summer period
and that the highest values were measured in the
morning hours during the winter period. This is the
result of the higher traffic intensity on the one hand,
and climate factors, on the other hand. Traffic
intensity over that period is higher because of the
population commuting for daily activities. Very
often, car drivers compensate for delays in driving
by speeding up and driving faster, which causes the
increase in noise levels. Noise level is lowest at
noon, when traffic level is lower; in the evening
hours, it is higher because of people commuting
home from work. The noise above 60 dB (A) has an
adverse effect, causing the loss of concentration,
bad temper, high blood pressure, heart palpitations,
etc. [14]

noise level measured in the morning differed from
the noise level measured at noon, and in the
evening at the distance of 100 m (F-8.2, p-0.005)
and at the distance of 150 m (F-10.97, p-0.001).
There are statistically significant differences
between noise levels measured at different
distances in the open area (F-1822.0 p-0.000) and in
the forest (F-23344.8, p-0.000) during the summer
period.
The following function shows the decrease in
noise level during the summer period in the open:
No 81,3  1,57  S .
L

There is a very strong connection between the
variables (R2-93.2%, Sx-2.26).
The relationship between the variables during
the winter period in the open is represented by the
function No 81,3  1,31 S .
Z

The decrease in noise level during the summer
period in the forest is considerably greater (R 296.6%,) than during the winter period. This
relationship is shown by the function
1
.
N
âL

0,012399  0,0000696  S

During the winter, the noise level measured in
the forest also decreased significantly with the
increase in the distance from the noise source
N
81, 69  2, 47  S (Fig. 3).
âz

The impact of vegetation on noise level
reduction was very strong and it increased with the
distance from the noise source. The average
reduction was considerably higher in the forest,
especially during the vegetation period, where the
reduction in the initial noise level at the distance of
50 meters from the noise source was 46.1%, and
23.6% in the open. During the winter period, in the
forest, the reduction in noise level at the distance of
150 m from the noise source was 36.7%, and 20%
in the open.
Noise is very often a problem in urban
environments, especially in highly developed ones,
where traffic frequency is higher. It is manifested in
the form of psychophysical disturbances (hearing
loss, stress, annoyance, sleep deprivation, higher
blood pressure, lower productivity, etc.). In noise

FIGURE 3
Dependence of the noise level on the distance from the noise source
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FIGURE 4
Critical distance from the noise source (in meters), where the noise level starts dropping below 60 dB
(A)

In the open area during summer, noise level
below 60 dB (A) was registered at more than 185 m
distance from the noise source, and during the
winter at more than 265 m of distance. In the forest
in summer, noise level below 60 dB (A) was
recorded at more than 60 m of distance, and in
winter period at the distance larger than 75 m (Fig.
4). The differences between noise levels in the open
and in forest during summer period increase as a
consequence of the effect of climate factors and
traffic intensity.
The differences in noise level between winter
and summer period in the forest are primarily the
consequence of the impact that leaf mass and the
herbaceous vegetation in the ground storey have on
the reduction of noise emission. The differences
between noise levels in the open area are partially
the consequence of the effect of ground herbaceous
vegetation, and partially of the increase in distance
from the noise source. At the distance of 150 m in
summer, noise levels were on average 18.3 dB (A),
and in winter, at the same distance, 13.5 dB (A).
The comparison of the results of these
investigations with the results reported by [5]in
mixed plantations of Robinia pseudoacacia and
Pinus eldarica at the distance of 100 m showed that
the reduction in noise level caused by the effect of
forest vegetation was significant and that it differed
by 1.78 dB(A). Accordingly, it can be concluded
that forests have significant impact on the reduction
of noise level, which depends on the stand
characteristics.
The characteristics of tree belt (density,
mixture proportion, tree species) have significant
effect on the noise level reduction. The influence of
tree species is reflected in the crown branching and
the quantity of leaf mass [5]. Also, same authors
emphasized the significant impact of tree mixture
on the noise level reduction.
The belt width varies depending on the
structure and the species of trees, shrubs and
herbaceous vegetation, i.e. it is necessary to analyze
a great number of factors that affect the reduction in
noise level, as well as the aesthetic and ecological
characteristics of the tree belt [15].

CONCLUSION
Based on the study analyses, we can draw the
following conclusions:
In winter and summer, in the open and in the
forest, noise level varied depending on time of the
day. On average, noise levels were highest in the
morning, and the differences in the average values
registered at noon and in the evening were minimal.
In the morning, noise levels in the forest were
above 1.9 dB (A) in summer, and above 2.9 dB (A)
in winter, measured at the distance of 150 m from
the noise source, compared to the measurements at
noon and the evening. There are statistically
significant differences between noise levels
measured in summer and winter, i.e. on average,
noise level was considerably lower in summer, with
averagely 7.4 dB (A) in reduction. There are
statistically significant differences between noise
levels measured at different distances in the open
area and in the forest during the summer period, i.e.
noise levels decreased significantly with the
increase in the distance from the noise source,
showing a very strong relationship between the
variables.The decrease in noise level was
considerably greater in the forest than in the open
area. The average reduction was substantially
greater in the forest, especially during the growing
season, where the reduction in the initial noise level
at the distance of 150 m from the noise source was
46.1%, and 23.6% in the open. In winter, the
reduction in noise level at the distance of 150 m
from the noise source was 36.7% in the forest, and
20% in the open.
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THE COENOLOGICAL ADAPTABILITY AND VITALITY OF
ARTIFICIALLY-ESTABLISHED STANDS IN THE FOREST
OF HUNGARIAN OAK AND TURKEY OAK IN LIPOVICA
NEAR BELGRADE, SERBIA
Rajko K Milosevic, Marijana R Novakovic-Vukovic*
University of Belgrade, Faculty of Forestry, Belgrade, Serbia

economical and coenological optimum. This further
DIIHFWV WKH SODQQLQJ DQG WKH SODQ¶V SURFHGXUH
including the treatment and eventual preservation
and sustainability of total functionality potentials
and structure of biodiversity - even though there is a
number of different opinions at the moment about
the influence of artificially established stands on the
biodiversity preservation [3].
Compared to the overall area covered by forests
in Serbia,artificially established stands cover a 6.1%
of it, with an average quantity of 127 m³/ha (conifers
and other types of trees)[4].In Belgrade, artificially
established stands and plantations cover an area of
6795,42 ha, which represents 42,2% of the total
covered surface[5].
In the forest complex Lipovica, artificially
established stands occupy a total area of 127.85 ha,
or 11% of the total surface[6]. Forest stands that
dominate in this coverage are the forest stands of the
English Oak, Black Pine, European Ash, Large
Leaved Lime and Black Locust [5]. Species which
are included in artificially established stands have
different bio-ecological characteristics, as opposed
to the ecological conditions of the primary forest
type - meaning that, in certain conditions, such as the
forests of Hungarian oak and Turkey oak
(Quercetum farnetto±cerris) on loam, coenological
stability and vitality of every species are affected
individually. By verifying the coenological
adaptability of species mentioned above, which is
the purpose of this investigation, a realistic purpose
for ownership plans will be enabled, related to this
category of forest stands, which is further related to
the dynamic and periodicity of governing actions
(the goals of government, the ecological and
coenological evaluation of the current state
compared to primary functional purpose of forests in
this governed unit, growth and management
measures, treatment etc.), and in accordance with
that it will be determined whether the maintenance
of certain species that make up artificially
established stands is justified, in other words - their
restitution to the species of the habitat¶VSULPDU\W\SH
of content or the already existing species which have
proven to be coenologically and vitally more stable
under conditions of primary forest type.

ABSTRACT
This article shows the results of coenological
and vital adaptation, and in that regard planned
sustainability, of certain species inside artificiallyestablished stands in forests of Hungarian oak and
Turkey oak (Quercetum farnetto-cerris Rud. 1949.)
on loam soil, located in the forest complex Lipovica
near Belgrade. Results of this research have
undoubtedly confirmed that cultivating certain
species in these parts is worth the effort, since they
have shown extreme coenological adaptability and
vitality. These species are the English Oak, Large
Leaved Lime, European Ash and Black Pine. The
inability to adapt and survive in the type of habitat
present in Hungarian oak and Turkey oak forests on
loam soil was registered in the case of the
Pennsylvanian Ash, which is both coenologically
and ecologically impossible to maintain in this
habitat, along with the Maple and Black Locust.
Considering the primary goals of government over
the forest complex Lipovica, and in order to secure
the biological stability and multifunctional content,
these species should be restituted among the primary
types of species (Hungarian and Turkey oaks) or to
the species which have shown coenological stability
and vitality (Large Leaved Lime, European Ash,
English Oak).

KEYWORDS

Hungarian oak, Turkey oak, Lipovica near Belgrade,
artificially established stands

INTRODUCTION
Artificially established stands in Serbia cover
areas which primarily belonged to a large number of
different types of forests, and, as a result, they
present various abilities to adapt to diverse habitats
in a coenological and economical sense, which
further affects the total productive and protective
effects as well as potential of the habitat.
Artificially established stands cover both
primary and secondary habitats [1,2] with a different
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For the floristic composition analysis of
researched areas, fifteen phytocoenological relevés
were used, which were taken from the literature and
done with the standard method of Braun Blanquet
[9]. Five phytocoenological relevés were recorded in
the natural forest of Hungarian oak and Turkey oak
± Quercetum farnetto-cerris Rud. 1949 forest [10],
and ten relevés were recorded in artificially
established stands in the area of Hungarian oak and
Turkey oak (Quercetum farnetto-cerris) on loam soil
in Lipovica [6].
The names of syntaxa were given based on
[11], DCA analysis of vegetation data was done with
the help of statistical software CANOCO 4.5 [12].

METHODS
Study Area. Lipovica is located in the central
part of Serbia, 20km away from its capital, Belgrade
(Fig. 1). Its elevation is between 160-290 m above
sea level. The basic exposition is turned south - west,
while a considerably large portion of the terrain is
made out of sides of streams and coves of the
northern and eastern exposition.
The average temperature of the air during the
year in forests of the plateau in Serbia (200 m above
sea level), as well as in Lipovica, is 11.0 ºC. During
the hottest month ± July, the average temperature is
20.8 ºC. During the vegetation period, the air
temperature goes from 11.2 to 20.8 ºC [7]. In the area
RI /LSRYLFD¶V ZRRGV, the geological base mainly
consists of clay and sand, then limestone, dolomites,
green sand, sandy limestones and flysch [8]. Two
types of soil are described: brown acidic soils and
lixiviated loam soils. In the area of Lipovica the most
common forest plant community is Hungarian oak
and Turkey oak association (Quercetum farnettocerris Rudski 1949.), by origin the largest part of the
coppice; Beech forests also inhabit the area in the
form of a group of ecological units of the
submontane Beech forests (Fagetum moesiacae
submontanum B.Jov. 1967).

RESULTS AND DISCUSSION

On the graph (Fig. 2) we can see that the
majority of species is grouped on the right of the
graph, making a group characteristic for the order of
Quercetalia pubescentis: Quercus frainetto,
Fraxinus ornus, Quercus cerris, Crataegus
monogyna, etc. Moving towards the left side of the
graph, mesophyll species, typical for the class
Querco-Fagetea and the order Fagetalia sylvaticae,
appear: Carpinus betulus, Melica uniflora, Tilia
platyphyllos. This type of species grouping clearly
points out that the phytocoenological relevés closer
to the left corner of the graph greatly differ in
floristic composition from the natural forest of
Hungarian oak and Turkey oak - meaning that they
have a significant number of species that are
indicators of mesophilic habitat conditions. In that
sense, the largest deviations from the forest of
Hungarian oak and Turkey oak are shown in the
artificially established stands of the English Oak,
European Ash, Large Leaved Lime and Black Pine.

Data Collecting and Statistical Analysis. The
research covers the artificially established stands of
the English Oak (Quercus robur L.), Large Leaved
Lime (Tilia platyphyllos Scop.), European Ash
(Fraxinus
excelsior
L.),
Maple
(Acer
pseudoplatanus L.), Pennsylvanian Ash (Fraxinus
pennsylvanica Marsch.), Black Locust (Robinia
pseudoacacia L.) and Black Pine (Pinus nigra
Arrn.), aged 50, on the forest tip of Hungarian oak
and Turkey oak (Quercetum farnetto-cerris
Rud.1949.) on loam soil in Lipovica.

FIGURE 1
Geographic position of Lipovica in the Republic of Serbia [8]
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FIGURE 2
DCA ordination biplot, fit range for species 30-100%, 29 species
Species abbreviations:Pinnig-Pinus nigra; Meluni-Melica uniflora; Carbet-Carpinus betulus; Viosil-Viola
silvestris; Quefra-Quercus frainetto; Corsan-Cornus sanguinea; Ulmmin-Ulmus minor; Fraorn-Fraxinus ornus;
Quecer-Quercus cerris; loncap-Lonicera caprifolium; Acecam-Acer campestre; cramon-Crataegus monogyna;
Geuurb-Geum urbanum; Rosarv-Rosa arvensis; Brasil-Brachypodium silvaticum; Tilpla-Tilia platyphyllos. (The
abbreviation after the name of the species for A-tree layer, B-shrub layer, C-ground flora layer).

of forests of Hungarian oak and Turkey
oak(Quercetum farnetto-cerris) on loam are visible.
Artificially established stands of the Black Pine
(phytocoenological relevé 3, Table 1), clearly show
the difference compared to the characteristic group
of the primary forest type, which also affects the
floristic biodiversity, even though there are
contradictory opinions when it comes to
anthropogenic forests, from the increase of floristic
diversity [13], decreasing [14], or having no effect
on the floristic diversity [15]. It is undeniable that in
certain conditions of the primary forest type the
artificially established stands of the Black Pine
display coenological stability. Also, these forest
stands increase the floristic diversity, which has been
proved in up to date research [10] in habitat
conditions of the Hungarian oak and Turkey oak
forest (Quercetum farnetto-cerris)on loam soil, in
Lipovica.
Artificially established stands of the European
Ash (phytocoenological relevé 7, Table 1), on the
type of Hungarian oak and Turkey oakforest
(Quercetum farnetto-cerris) on loam, show very
vivid coenological stability and vitality (Fig. 3).
Compared to the characteristic group of the primary
forest type, they display a significant difference with
vivid mesophilic character. The European Ash is
dominant in the first layer, with maintained

The dominance of species characteristic for
forests of Hungarian oak and Turkey oak is
particularly highlighted (Fig. 2) when it comes to
artificially established stands of the Pennsylvanian
Ash (phytocoenological relevé 10), Black Locust
(phytocoenological
relevé6),
and
Maple
(phytocoenological relevé 8).
In artificially established stands of the English
Oak (phytocoenological relevés 2 and 9, table
1),there is a large presence of species which are
indicators of mesophillic habitat conditions (Cornus
sanguinea, Circaea lutetiana, Carpinus betulus,
Ajuga reptans,etc -species typical for English Oak
forests), while the presence of species typical for
forests of Hungarian oak and Turkey oak is reduced.
Artificially established stands of the Large
Leaved Lime (phytocoenological relevés 1,4,5, table
1), in terms of presence and differentation of species,
show even
greater
mesophillication and
coenological stability and adaptability to certain
habitat conditions, compared to artificially
established stands of English Oak (Fig. 3). In all
areas of these forest stands, the presence of
mesophillic species (Tilia platyphyllos, Fraxinus
angustifolia, Sanicula europaea, Asperula odorata,
Mycelis muralis, etc.) is significant, meaning that
significant differences from the characteristic group
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only individual examples of this species have been
recorded, while their presence is completely gone in
the second and third. In this forest stand, typical
species that represent Hungarian oak and Turkey oak
forests were recorded: Quercus cerris, Fraxinus
ornus, Acer campestre, Rosa arvensis, Tamus
communis, Helleborus odorus, etc.
Coenological and ecological inadaptability and
poor vitality of Pennsylvanian Ash on the type of
Hungarian and Austrian oak forest (Quercetum
farnetto-cerris) on loam, has also been diagnosed in
up to date research [17], where this species is, in
certain habitat conditions, both ecologically and
coenologically
unsustainable.
An
identical
coenological relation and stability, on the type of
Hungarian oak and Turkey oak forest (Quercetum
farnetto-cerris) on loam, can be seen in the case of
artificially established stands of the Black Locust
and Maple (phytocoenological relevés 6 and 8). In
comparison to the characteristic group of the primary
W\SH WKH\ GRQ¶W SDUWLFXODUO\ KDYH PDQ\ GLIIHUHQFHV
(Fig. 3); namely, they contain typical representatives
of Quercion farnetto alliance: Quercus cerris, Acer
campestre, Lonicera caprifolium, Rosa arvensis, etc.
in their floristic composition.
The forest of Hungarian oak and Turkey oak in
Lipovica is predominantly presented by coppice
forest stands, as a result of negative effects of
climatic and anthropogenic factors. Taking into
consideration that this is about a xerophilic (English
Oak) and one xero-mesophilic (Turkey Oak) species,
in climate conditions not too far from a city, it is
certain that regressive succession will progress
quickly. This is why the idea of making artificially
established stands of conifers and broad-leaved
trees, that have adjusted differently to their habitat
conditions, has been viewed upon as a need in the
area of Lipovica. Since summers in area of Lipovica
are dry, during the hot period the competition
between trees, shrubs and ground flora reaches its
peak as they battle for moisture in the ground [18],
which also unavoidably affects species in artificially
established stands. Statistical analysis showed that
different species in artificially established stands on
the type of Hungarian oak and Turkey oak forest on
loam are present unevenly, meaning that
bioecological characteristics of these species have
blossomed in certain conditions. It should also be
mentioned that one of the busiest roads in Belgrade
goes through Lipovica, resulting in notable presence
of pollutants in soil, plants and air, which represents
a problem for majority of forests near Belgrade, even
IRU QDWLRQDO SDUN ³)UXVND *RUD´ >@ 3ODQW
species react to presence of pollutants differently, so
that can be one of reasons for their different
adaptability to specific habitat conditions.

4

condition, present also in the third layer (table 1).
The coenological stability of the European Ash in
climate conditions of Hungarian oak and Turkey
oak¶V SULPDU\ IRUHVW W\SH (Quercetum farnettocerris)on loam, in Lipovica, has been diagnosed in
up to date research[16].

3
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15
13
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8
6

7

-1

1

-1

4

FIGURE 3
Ordination biplot (+ the phytocoenological
relevés in the natural forest of Hungarian oak
and Turkey oak: o-phytocoenological relevés
in artificially-established stands: 2,9-the
English Oak; 1,4,5- Large Leaved Lime;
3- Black Pine; 6- Black Locust; 7- European
Ash; 8-Maple; 10- Pennsylvanian Ash;

A significant difference in terms of
coenological relation, in type of Hungarian oak and
Turkey oak forest (Quercetum farnetto-cerris) on
loam in Lipovica, is visible in cases of artificially
established stands of Pennsylvanian Ash, Black
Locust and Maple, compared to species that
occupied artificially established stands mentioned
before (Fig. 3).
Nevertheless, these forest stands contain
species characteristic for the forest of Hungarian oak
and Turkey oak, as well as the order of Quercetalia
pubescentis: Quercus frainetto, Fraxinus ornus,
Quercus cerris, Crataegus monogyna, etc. (Fig. 2) in
their floristic composition.
Artificially
established
stands
of
Pennsylvanian Ash (phytocoenological relevé 10),
Table 1), in that sense, in certain habitat conditions
display vivid coenological instability and vitality
(Fig. 3). In the first column, in a forest stand aged 50,
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Ɍ$%/( 1
Phytocoenological table of studied stands
Community
Number of phytocoenological relevés

1

Carpinusbetulus

3

2

+

4

5

6

+

Quercuscerris

1

Quercusfrainetto
Robiniapseudoacacia
Fraxinusornus
Pinusnigra
Acer campestre
Tiliaplatyphyllos
Fraxinus excelsior
Quercusrobur
Ulmus minor
Tiliatomentosa
Acer pseudoplatanus
Fraxinusangustifolia
Populustremula
Acer monspessulanum
Crataegus monogyna
Malus sylvestris
Pyrus pyraster
Prunus avium
Fraxinus pensylvanica

+
+
2

Acer campestre
Carpinus betulus
Ulmus minor
Cornus mas
Acer pseudoplatanus
Fraxinusornus
Crataegus monogyna
Tilia platyphyllos
Robinia pseudoacacia
Tilia tomentosa
Fraxinus angustifolia
Quercus cerris
Populus tremula
Fraxinus excelsior
Acer obtusatum
Prunus cerasifera
Cornus sanguinea
Crataegus oxyacantha
Prunus avium
Evonymus europaeus
Loniceracaprifolium
Acer campestre
Brachypodiumsilvaticum
Carpinus betulus
Fraxinus ornus
Quercus cerris
Rosa arvensis
Viola silvestris
Crataegus monogyna
Geum urbanum
Crnus sanguinea
Hedera helix
Clematis vitalba
Geranium robertianum
Prunus avium
Rubus hirtus
Ajuga reptans
Ruscus aculeatus
Carex divulsa
Tamus communis
Rumex sanguineus
Ulmus minor
Melica uniflora
Alliaria officinalis
Polygonatum odoratum
Robinia pseudoacacia
Lonicera caprifolium
Evonymus europaeus
Galiumaparine
Carexdivulsa
Potentillamicrantha
Quercus frainetto
Cardamine impatiens
Tilia tomentosa
Tilia platyphyllos
Dactylis glomerata
Circaea lutetiana
Cephalanthera rubra
Cardamine bulbifera
Asperula odorata
Quercus robur
Euphorbia amygdaloides
Glechoma hederacea
Acer pseudoplatanus
Dryopteris filix-mas
Polystichum aculeatum
Sambucus nigra
Scutellaria altissima
Stellaria media
Prunella vulgaris
Stellaria holostea
Fraxinus angustifolia
Mycelis muralis
Musci ssp.
Fragaria vesca
Quercus robur
Hypericum perforatum
Sanicula europaea
Brusonetia papyrifera
Calamintha officinalis
Centaurium umbellatum
Acer obtusatum
Rubus tomentosus
Urtica dioica
Aremonia agrimonioides
Glechomahirsuta
Prunus cerasifera
Helleborus odorus
Acer tataricum
Chaerophyllumaureum
Carexsilvatica
Sorbustorminalis
Galiumpseudoaristatum
Lathyrusvernus
Primula vulgaris
Ligustrum vulgare
Lapsanacommunis
Lysimachianummularia
Sorbusdomestica
Ornithogalum pyramidale
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5
+
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2
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+
+

+

+
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+

+
+
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+
+
+
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+
+
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+
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1
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za zastitu zivotne sredinaa- Gradska uprava
grada Beograda- Beograd
[6] BicaninɆ  Typological affiliation and
the fettle of artificially established stands in the
PDQDJHPHQWXQLWRI³/LSRYLFD´Master thesis,
University of Belgrade, Faculty of forestry. (In
Serbian).
[7] Krstic, M., Babic, V. and Kanjevac, B. (2013) A
contribution to the study of climate-vegetation
characteristics of the submontane area in Serbia.
Forestry 3-4, 113-124 (In Serbian).
[8] Kanjevac, B, (2015) Possibility of optimization
tending operations using silviculture analytics
through visualization and simulation, Master
thesis, University of Belgrade, Faculty of
forestry. (In Serbian).
[9] Braun-Blanquet, J. (1964) Pflanzensoziologie,
Grundzuge die Vegetationskunde, Springer
Verlag, Wien-New York.
[10] Novakovic-Vukovic, M. and Perovic, M. (2014)
A comparative analysis of the floristic
composition of the Turkey oak and Hungarian
oak forest and an artificially-established Turkey
pine stand in Lipovica near Belgrade, Forestry
3-4, vol. LXVI, 75-89 (In Serbian).
[11] Tomic, Z. (2004) Sumarska fitocenologija,
udzbenik, Univerzitet u Beogradu-Sumarski
fakultet.
[12] Leps, J. and Smilauer, P. (2002) Multivariate
analysis of ecological data. Faculty of biological
sciences, University of South Bohemia, Ceske
Budejovice.
[13] Nagaike, T. (2002): Differences in Plant Species
diversity between Conifer (Larix kaempferi)
Plantations and Broad-Leaved (Quercus
crispula) Secondary Forests in Central Japan,
For. Ecol. Manag. 1, vol. 168, 111-123.
[14] Gomez-Aparicio, L., Zavala, A. M., Bonet, J. F.
and Zamora, R. (2009) Are pine plantations
valid tools for restoring Mediterranean forests?
An assessment along abiotic and biotic
gradients, Ecological applications 8, Vol. 19,
2124-2141.
[15] Hofstede, R.G.M., Groenendijk, J.P., Coppus,
R., Fehse, J.C. andSevink, J. (2002) Impact of
pine plantations on soils and vegetation in the
Ecuadorian High Andes, Mountain research and
Development 2, vol. 22, No. 2, 159-167.
[16] Bicanin, M. and Milosevic, R. (2015) Typology
and ecological classification of an artificiallyestablished stand of common ash and largeOHDYHGOLPHLQ)08³/LSRYLFD´)RUHVWU\vol.
LXVII, 119-125 (In Serbian).
[17] Bicanin, M. and Milosevic, R. (2015) Ɍ\SRORJ\
and coeno-ecological adaptability of artificiallyestablished stands of green ash (Fraxinus
pennsylvanica Marsch.) in the management unit
³/LSRYLFD´)RUHVWU\-2, vol. LXVII, 167-175
(In Serbian).

CONCLUSION
In certain habitat conditions inside the forest
complex Lipovica near Belgrade, a great deal of
coenological adaptability, coenological stability and
vitality can be seen in cases of the English Oak,
Large Leaved Lime, European Ash and Black Pine,
which cover majority of areas and are most common
in artificially established forest stands. This enables
a realistic planning approach in terms of justified
acts, planned treatment and regular planning of
government over these species.
The
coenological
inadaptability
and
unsustainability inside the habitat of Hungarian oak
and Turkey oak forests (Quercetum farnetto-cerris)
on loam was shown in case of the Pennsylvanian
Ash, which is both from an ecological and
coenological point of view unsustainable in this
habitat, just like the Black Locust and Maple. Taking
into consideration the primary goals of government
over the forest complex Lipovica and for the
purposes of securing biological stability and
multifunctional content, these species should be
restituted among the species of the native typological
composition (Hungarian oak and Turkey oak), or
with the species that have proven to be
coenologically stable and vital in certain habitat
conditions (Large Leaved Lime, European Ash,
English Oak).
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runoff by as much as 10±40% [1]. Human-induced
increases in greenhouse gases have contributed to
the observed intensification of heavy precipitation
events in approximately two-thirds of datasets from
the Northern Hemisphere [2-4]. The increased trend
of the frequency and intensity of high temperature,
drought, heavy rain, and floods and other extreme
weather events could pose a serious threat to global
and regional water security and may become the
major challenge for human survival and sustainable
development[5].
Half of global wetland area has been lost,
although wetland loss statistics are not precise[6].
And the effect on landscapes is virtually unknown,
the impacts on local hydrology are highly variable.
We focus on the hydrological response of the
wetland loss happened on the floodplain of Naoli
River Basin. Floodplains are known to be critical in
mitigating flood damage, as they store large
quantities of water, reduce the height of flood peaks,
and lower downstream flooding risk.[6] Land use
changes on floodplains can significantly affect the
catchment hydrology by altering several
hydrological processes such as interception,
infiltration,
groundwater
recharge,
evapotranspiration, and surface runoff[7] . Sanjiang
Plain, located in the northeast of Heilongjiang
province in northeast China, used to be the largest
continuous area of freshwater wetlands on the
floodplain and in a natural condition before the
1950s. From the late 1950s to the early 1990s, a large
number of farms were established on the plain
leading to the loss of wetlands. Today, nearly 80%
of the freshwater wetlands in Sanjiang Plain have
been drained and cultivated. Due to wetland
cultivation, Sanjiang Plain has become an important
commodity grain production zone in China [8,9].
Naoli River Basin (NRB), with an area of 24,863
km2, is the largest basin on the plain and contains one
third of the farmland. The damages of floods must be
considered because they concerned the national food
security.
Numerous scholars have conducted research in
NRB on topics such as wetland ecological characters
and pattern changes on floodplain [10,11] water
resources and water quality and hydrological

ABSTRACT
The Naoli River Basin (NRB) is an important
food-producing region of China. From the 1950s to
2000s, about 80% wetlands in the NRB were
converted to farmland. In this study, variations in the
frequency of historical warm- and cold-season
extreme floods were analyzed using parametric and
non-parametric methods. The results showed that the
seasonal cycle of extreme (i.e., 95th percentile)
hydrological events on upper reaches are unimodal,
while downstream events exhibited a bimodal
distribution. Downstream late summer/fall extreme
streamflow events were delayed one month
compared to upstream. The magnitudes of floods at
warm season (June ±November) at upstream
(Baoqing Station) become the largest in the high
return period, while the magnitudes at the middle
stream (Caizuizi Station) become the smallest. The
upstream station has the highest probability of
extreme days, and flood duration at the middle
stream has increased. Loss of wetlands on the
floodplain reduced the time lag between middle
stream flow and upper stream flow. The upper
reaches and middle reaches could have the extreme
floods at the same time. Wetland losses have altered
the timing and magnitude of hydrology in the NRB,
with different impacts at upstream and downstream
stations in the watershed.

KEYWORDS:
extreme floods, climate change, Naoli Basin, wetland loss,
peak flow

INTRODUCTION
In the 2007 Intergovernmental Panel on
Climate Change (IPCC) report, it is indicated that
global climate change will cause changes in the
global energy and water cycles. Particularly, the
occurrence of extreme weather events is expected to
increase [1], there is a 90% chance of increased
frequency of heavy rainfall events in the 21st century,
and there is a potential increase in higher latitude
1410
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2000 was only 34.6×104 ha, reduced to 36.7% of the
original area. The wetland basin has been converted
to the agricultural basin. The structure and function
of the basin have changed dramatically.
The exploitation and utilization of water
resources are also intensive in this basin. Since the
late 1950s, a series of water logging elimination and
drought prevention engineering projects were
constructed in the basin, including intensive
drainage channels, irrigation systems, flood
detention districts, levees, and dams [17]. Forty big
and small reservoirs were built in the basin [14,17],
Longtouqiao reservoir is the largest one which
constructed upon the upper reach on 2002, and the
control area is 1730 km2.

processes [12-15]. This research found that the
annual runoff declined dramatically since the 1950s
and the hydrological processes have changed
because of climate and land use changes [13,14,16].
Although it is widely accepted that climate change
and land use change impact extreme hydrologic
events, the characteristics, and trends of hydrological
extreme events along the wetland losses, especially
the floods, are not well understood in this region.
In light of the public perception within our
study region of a recent increase in the frequency of
extreme precipitation and flood/drought events, we
H[DPLQH WKH VFLHQWLILF TXHVWLRQ ³:KDW LPSDFW GR
wetland loss have on extreme flood flows in the
Naoli RiveU%DVLQ"´ This paper will mainly focus
on: 1) a better understanding of the variation of
extreme flood events, and 2) finding evidence
linking extreme events to large area wetland losses.
The impacts of climate change are out of the scope
of this paper.

DATA SOURCE AND METHOD
Data Source.There are four hydrological
stations in Naoli River Basin including the Baoqing,
%DR¶DQ Caizuizi and Hongqiling stations (see Fig 1).
7KH%DRTLQJDQG%DR¶an stations are located in the
upper reaches of Naoli River while the Caizuizi and
Hongqiling stations are located in the middle reaches.
Data from the Hongqiling Station was not used due
to the shorter observatory period and smaller
catchment area. Additional data details can be found
in Table 1. Daily measured runoff and precipitation
ZDV XVHG IURP WKH %DR¶an Station (catchment area
1,344 km2), the Baoqing Station (catchment area
3,689 km2), and the Caizuizi Station (catchment area
20,796 km2) from 1956 to 2005. From this dataset,
monthly and annual mean runoff and precipitation
values were calculated. Before this analysis, each set
of data was plotted against time for inspection of
accuracy. All the flows and precipitation values were
divided by seasons; a cold season (March±May) and
a warm season (June ±November) to differentiate
between snowmelt runoff and rainfall events.

Study areas. Naoli River is located within the
area of Sanjiang Plain in Heilongjiang Province (Fig.
1). It is the primary tributary of the Wusuli River.
Naoli River lies in a temperate zone with a
continental monsoon climate. The mean annual
temperature is 1.6Ԩ, with an average temperature of
-21.6Ԩ in January and 21.4Ԩ in July. The mean
annual precipitation is 565mm and the mean annual
evaporation is 542.4 mm. The terrain in Naoli River
Basin is flat and the average altitude is about 60 m.
The landscape is characterized by an extensive river
floodplain with widely distributed dish-shaped
swales and limited surface run-off. The mostly clay
substrate hampers infiltration of surface water,
which led to the formation of extensive wetlands,
including different kinds of freshwater marshlands,
riverine wetlands, and ponds, originally taking up
one-fourth, or 94.4×104 ha, of the Sanjiang Plain.
Because nearly 80% of the wetland area was turned
into crop land, the total area of wetlands in the year

FIGURE 1
The location sketch of study area
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TABLE 1
Data descriptions on daily stream flow and precipitation
Data type
Station Name
Year
Data provider
Baoqing
1955 to 2010
Department of
Daily
Baoan
1957 to 2010
Hydrology of
Precipitation/Runoff
Caizuizi
1956 to 2010
Heilongjiang
Hongqiling
1971 to 2010
Province

Non-parametric method.In this study, the
Mann±Kendall trend test was employed as a nonparameters method and used to analyze the six
annual stream flow indicators, which have the high
ability to test the hydrological parameters
trend[21,22]. This methodology was used for
exploring hydrological trends and variability as
described in greater detail in Burn et al [23]. The
Mann±Kendall approach requires the data to be
serially independent. To correct the serial correlation
in the data, the Trend-Free Pre-Whitening (TFPW)
procedure was used [24].
The statistical analyses were performed using
the Kendall[25], zyp[26] and ggplot2[27] packages
in R software (version 3.1.2)[28].

Selection of peak flow index. For much of the
nonparametric analysis, the definition of an
µµH[WUHPH HYHQW¶¶ LQFOXGHV DOO IORZ HYHQWV ZLWK
magnitudes greater than or equal to the 95th
percentile of the empirical distribution of all events
at a given station. This definition was applied to each
station individually.
All analyses were performed for the annual,
warm seasons, and cold seasons separately. Annual
analyses include data from all months during the
calendar year. Warm season analyses include data
from June 1st through November 30th, and the cold
season analyses include data from March 1st to May
31st. These seasonal definitions effectively separate
events associated with snow (i.e., melt and rain-onsnow events) from those only associated with heavy
rain.
In addition, five annual stream flow indicators
were extracted and analyzed for cold seasons and
warm seasons separately. These flow indicators
include an annual maximum flow, a mean annual
flow, a 7-day max flow, duration of small flow and
large flow [18].The mean peak flows during the
months from March to May and June to November
were extracted for each year. 7-day maximum values
were determined for each year by finding the highest
during the months of March to May and June to
November. Finally, flood durations were calculated
for the two seasons of each year. These values were
found by counting the number of days the flow rate
was above the mean plus one standard deviation (for
small floods) and the mean plus two standard
deviations (for larger floods)[18].

RESULTS AND DISCUSSION
Historical
climatology
of
extreme
streamflow. Extreme streamflow climatology for
each station is presented in Figure 2. In these boxplots, the lower and higher ends of the boxes
represent the 25th (Q1) and 75th (Q3) quartiles,
respectively; the whiskers represent the lowest and
highest data values with in the lower [Q1-1.5(Q3Q1)] and upper [Q3+1.5(Q3-Q1)] limits. The
horizontal lines in the box-plots represent the median.
Each panel shows the distribution of daily events
matching or exceeding the 95th percentile flow for a
given month.
The seasonal cycles of extreme streamflow
events in the upstream gaging stations (Baoqing and
%DR¶DQ  DUH XQLPRGDO ZLWK WKH ODUJHVW HYHQWV
tending to occur between July and September. In
contrast, the timing of extreme streamflow events of
the middle stream (Caizuizi) exhibits a bimodal
distribution, in particular for the largest events with
peak values occurring between April and June and
another between August and October. The late
summer/fall extreme streamflow peak observed at
the downstream gauge is delayed one month
compared to that of the upstream gauges.
The total number of extreme days, defined as a
day in which streamflow exceeds the 95th percentile
daily flow for the entire record, are shown in Figure
3. Superimposed on the annual time series is the
smoothed (5-yr moving average) time series.

Method. In this study, a suite of parametric and
nonparametric statistics were applied to stream flow
records to evaluate extreme events.
Parametric method. Parametric statistics
include a hydrologic frequency analysis (HFA) using
an annual-maximum series (AMS) [19]. For annual
stream flow HFA, each gauge location annual peak
discharges were fitted to a log-Pearson type III
distribution (LP3) [20]. HFA was also employed
using a seasonal-maximum time series from the
warm seasons and cold seasons separately. HFA
provides the magnitude of events as a function of the
average return period (also known as recurrence
interval). For this study, return periods were
estimated from 2 to 100 years.
1412
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FIGURE 2
Seasonal variation of extreme streamflow (equal to or greater than the 95 th percentile).
The 95th percentile was calculated for each station and month, separately. The horizontal line in
each boxplot LVWKHPHGLDQ D%DR¶DQ6WDWLRQ (upstream), b: Baoqing Station (upstream),
c: Caizuizi Station (midstream))

FIGURE 3
Extreme days per year during the cold and warm seasons: 5-yr moving average line (Red).
cold and warm season, near 1965 and 1975, near
1965 and 1995 respectively.

Extreme days are more frequent during the
warm season than the cold season at all stations,
which is consistent with the unimodal pattern of
monthly extreme events (Fig.2). At the Baoqing
Station, have the most chances to have the extreme
day happened, 32 of 51 years having the extreme
days happened during the warm season, while the
Caizuizi Station are the most not probably having the
extreme days happened, only 7 of 51 years.
Meanwhile, it also means that there is more
variability between years at Caizuizi Station, the
coefficient of variation is 277.2, the value of
Baoqing is 138.0. $W%DR¶DQ6WDWLRQWKHIUHTXHQF\
of extreme days has increased during both the cold
and warm seasons and peaked near 2010; at Baoqing
Station, the frequency of extreme days peaked near
1975 during the cold season, and there are two peaks
(near 1965 and 1975) during the warm season; at
Caizuizi Station, there are also two peaks during the

The variation of hydrologic frequency. We
also compare the magnitudes of events associated
with recurrence intervals of 2-100 years separately
for the cold and warm seasons (Fig. 4). Warm season
events are larger than cold season events for all
stations and return periods. During the cold season,
extreme streamflow events are the smallest at
%DR¶an Station and largest at Caizuizi Station.
During the warm season the magnitudes of
streamflow events at smaller return periods are
comparable between the upper stream and middle
stream, but as the return period increases, upper
stream (Baoqing Station) has increasingly to the
largest magQLWXGH ZKLOH %DR¶DQ DQG Caizuizi are
similar. At higher return intervals (25-100 years),
middle stream (Caizuizi Station) has the smallest
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flows. That due to the large area of wetlands existed
upon the floodplain, but along the wetland losses, the
flood abate function of wetlands decreased, the
magnitudes of floods between Baoqing and Caizuizi
Station were compatible, for example, during the
1980s (Fig 5).
In order to detect the temporal changes in flow
magnitude associated with different return periods,
we separately analyzed the flood flow frequencies
from five overlapping 20-yr periods: 1959-1980
(hereafter called the 1960s), 1970-1990 (1970s),
1980-2000 (1980s), and 1990-2010 (1990s)] using
time series of annual peak flows. In the study area,
20-yr flood frequency estimates vary over time, as
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demonstrated by Fig.5. Overall, stream flow events
in three stations were large during the 1960s and
1980s, but the response of warm and cold season
stream flow events varied across sites. In the either
season, exceSWWKH%DR¶an Station, the size of stream
flow events for a given return period decreased from
the 1960s to 1990s, and reached the smallest event
during 1990s. But during the 1980s, the magnitudes
of the flood were largest, the annual rainfall is
comparable at 1960s and 1980s, 533.5±130.2mm
and 549.7±126.1mm, separately. So, that would be
the results of the wetlands losses as mentioned above
and there were no much hydrological engineering
works at that time compared to 1990s.

FIGURE 4
Magnitude of flood events with different return intervals for each of the three
hydrological stations, divided by season.

FIGURE 5
Flood flows magnitude as a function of the return period and analysis data
time period during different seasons.
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The trend of peak flow indicators. To identify
trends at shorter timescales, we use nonparametric
analysis[29]. In order to detect the detailed changes
of the indicators in deferent periods, the Mann±
Kendall trend test was applied to the last 50, 40, 30
and 20 years of record ending in the year 2010 for 5
indicators: annual max, annual mean, small peak
days, big peak days, 7-days max. The significances
of the trend were calculated at the 10% level,
meaning there is a 90% chance that a trend exists.
)RU%DR¶an station, most of the 5 indicators are
increased during the last 40 to 20 years and with a
stronger trend during the past 20 years (from 1990 ±
2010). For Baoqing station, most indicators have a
decreasing trend, especially during the 1959 to 2010
period for both seasons. However, in the past 20
years, the decreasing trend is more obvious than
other periods. We attribute this to the construction of
a large reservoir, Longtouqiao Reservoir, in 2002.
For the Caizuizi Station, most of the indicators have
a decreasing trend during the past 50 years, except
big peak days, which have an increased trend during
recent decades, indicating that floods are expected to
last longer than previously.
Comparing to the parameters method, the nonparameter method could give a clear trend of
hydrological variables, but the parameters method
could give more details of the variation of different
variables. Combining the use of those two methods
is a good way to detect the changes of hydrological
variables.
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The impacts of large area wetlands losses.
The Naoli basin experienced intensive marshland
cultivation from 1954 to 2005 which caused the
%DVLQ¶VZHWODQGDUHDWRGHFOLQHIURPî 4 ha
to 17.8 × 104 ha. Most conversions to farmland
occurred on the floodplain and more than 80% of the
wetland area loss is attributable to this[12].
According to Yao, the area of wetland in the middle
of basin declined from 63.4 ×104ha to 38.8.9×104 ha,
or from 52% to 11% of total area. In order to detect
the impacts of wetland losses, and the relationships
among 7-day max streamflow at different stations
were analyzed during different seasons and yearly
periods.
Since wetland loss has lowered the ability of
the floodplain to mitigate flooding, the upstream
flow has a greater influence on downstream flow
than ever before, especially for the bigger floods.
Along the wetland losses, the relationship among
streamflow at upper stream hydrological stations and
streamflow at downstream hydrological stations
became more tightly from the 1960s to 2000s, the R2
is increasing from 1960s to 2000s, especially
between Baoqing Sation and Caizuizi Station
(Figure 6). Downstream flow has become more
influenced by the upper reaches, especially when
flow at Caizuizi Station is over 800 m3/s (Figure 7).
Referencing to another research result, less
precipitation could generate heavier peak flow[12],
the flood control policies should be changed after
large area wetland losses.

FIGURE 6
The relationships of different stations in warm time during different periods
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FIGURE 7
The relationships of different stations in warm time during different periods when the 7-days max flow of
Caizuizi Station is over 800 m3/s (BQ: Baoqing, BA: %DR¶DQ CZZ:Caizuizi Station)

at Caicuizi Station are almost same as those at
Baoqing station, the big peak flow days were found
to be different, which have an increasing trend.
Loss of wetlands on the floodplain reduced the
time lag between middle stream flow and upper
stream flow, especially for the larger floods. The
upper reaches and middle reaches could have the
extreme floods at the same time.

CONCLUSIONS
&KLQD¶V Naoli River Basin is an important
agricultural region characterized by a large-scale
conversion of wetland to agriculture between the
1950s and present. Using a long-term daily
streamflow dataset, we employ parametric and nonparametric statistics to identify characteristics and
shifts of extreme hydrological events over time and
tie these shifts to changes in land cover.
In NRB, the seasonal cycle of extreme (i.e.,
95th percentile) hydrological events on upper
reaches are unimodal, peaking between August and
October. In contrast, extreme streamflow events
downstream exhibit a bimodal distribution, peaking
in April and June as well as between August and
October. Downstream, late summer/fall extreme
streamflow events were delayed one month
compared to that of the upper stream.
The magnitudes of events at the warm season at
Baoqing Station became the largest in the higher
return period, while the magnitudes at Caizuizi
Station became the smallest. The Baoqing Station
have more chance to have the extreme floods events
happened than that of other two Stations.
The non-parameters method found most of the
5 LQGLFDWRUVRI%DR¶an Station increased during the
last 40 to 20 years, however, more obvious during
the past 20 years. All the indicators at Baoqing
Station decreased through time. While the indicators
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&ROOHJHRI(QYLURQPHQWDQG3ODQQLQJ+HQDQ8QLYHUVLW\.DLIHQJ&KLQD
.H\/DERUDWRU\RI$JURPHWHRURORJLFDO6DIHJXDUGDQG$SSOLHG7HFKQLTXH&0$=KHQJ]KRX&KLQD

&ROOHJHRI$SSOLHG0HWHRURORJ\1DQMLQJ8QLYHUVLW\RI,QIRUPDWLRQ6FLHQFHDQG7HFKQRORJ\1DQMLQJ&KLQD


OD\HU89$SURPRWHVSODQWJURZWKUDUHO\GLVUXSWV
DQ\ ELRORJLFDO RUJDQLVPV DQG LV QRW DEVRUEHG E\
R]RQH LQ VLJQLILFDQW DPRXQW 89% LV PXFK PRUH
LPSRUWDQWIRUHFRORJLFDOUHVHDUFK89%LVSDUWLDOO\
DEVRUEHGE\R]RQHDQGWKHORZHULWVZDYHOHQJWKWKH
PRUHDEVRUSWLRQE\R]RQHRFFXUV>@,WLVWKH89
% SRUWLRQ RI WKH HQWLUH XOWUDYLROHW UDGLDWLRQ WKDW
GLUHFWO\ LPSDFWV WKH OLYLQJ FUHDWXUHV RQ HDUWK
1RZDGD\VWKHHIIHFWRQDJULFXOWXUDOFURSVE\89%
UDGLDWLRQ HQKDQFHPHQW KDV EHFRPH D KRW UHVHDUFK
ILHOG $ERXW  SODQW VSHFLHV KDYH EHHQ VWXGLHG
LQFOXGLQJ DERXW  YDULRXV IDUP FURSV VXFK DV
ZKHDWULFHFRUQDQGVR\EHDQVIURPYDULRXVDQJOHV
RI ELRORJ\ ELRFKHPLVWU\ SK\VLRORJ\ DQG JHQHWLFV
VXFKDVFURSJURZWKPRUSKRORJLFDOVWUXFWXUH\LHOG
FRPSRVLWLRQ JHQHWLF GLIIHUHQFHV DPRQJ \LHOG
FRPSRQHQWV>@HWF&KLQDLVDODUJHDJULFXOWXUDO
FRXQWU\ 3HDQXW LV QRW RQO\ D YHU\ LPSRUWDQW
HFRQRPLFDQGRLOFURSLQ&KLQDEXWDOVRRQHRIWKH
IHZH[SRUWLQJEXONIDUPSURGXFWVDV&KLQDLVKLJKO\
FRPSHWLWLYH LQWKH ZRUOG VXSSO\ PDUNHW&XUUHQWO\
WKHSHDQXWSODQWLQJDUHDLQ&KLQDLVQHDUO\î
KDDFFRXQWLQJIRUQHDUO\RIHQWLUHSODQWLQJDUHD
LQ WKH ZRUOG DQG WKH SHDQXW RXWSXW LQ &KLQD KDV
UHDFKHG î W DFFRXQWLQJ IRU  RI WKH
ZRUOGWRWDORXWSXW3URGXFHGE\RIWKHWRWDORLO
FURSSODQWLQJDUHDSHDQXWLVWKHQXPEHURQHRLOFURS
LQ &KLQD SURYLGLQJ  RI WKH WRWDO QDWLRQDO RLO
RXWSXW +RZHYHU WKHUH KDV EHHQ OLWWOH UHVHDUFK
UHSRUWHGDERXWWKH89%UDGLDWLRQVWUHVVRQSHDQXW
SKRWRV\QWKHVLVDQGHFRV\VWHP7KXVWKHUHVHDUFKRQ
HIIHFW RI WKH 89% HQKDQFHPHQW WR SHDQXW JURZWK
DQGJUDLQTXDOLW\LVSLYRWDOWRGLVFRYHUDQGGHYHORS
XOWUDYLROHW UDGLDWLRQUHVLVWDQW SHDQXW YDULHWLHV WR
RSWLPL]HSHDQXWSURGXFWLRQDQGTXDOLW\DQGDOVRWR
LPSURYH WKH FXUUHQW HFRORJLFDO 89% ULVN
DVVHVVPHQWJXLGHOLQHVDQGPHWKRGV

$%675$&7
7KLVVWXG\LQYHVWLJDWHGWKHHIIHFWRIVLPXODWHG
XOWUDYLROHW UDGLDWLRQ 89% HQKDQFHPHQW RQ
SURGXFWLRQ\LHOGDQGTXDOLW\RISHDQXW .DLQRQJ 
JURZQXQGHUFURSODQGFRQGLWLRQV,QWKHH[SHULPHQW
WKUHHOHYHOVRI89%UDGLDWLRQZHUHDSSOLHGQDWXUDO
OLJKWHQKDQFHGDQGHQKDQFHG7KHUHVXOW
LQGLFDWHG WKDW WKH HQKDQFHG 89% UDGLDWLRQ KDG
GHFUHDVHGWKHSURGXFWLRQ\LHOGWKURXJKORZHULQJWKH
\LHOGSHUSODQWLQJDUHDXQLWWKHSRGZHLJKWDQGWKH
KXQGUHGNHUQHO ZHLJKW :LWK 89% UDGLDWLRQ 
HQKDQFHG WKH IDW FRQWHQW ZDV  SURWHLQ
FRQWHQW  ROHLF DFLGOLQROHLF DFLG UDWLR 
ZKLFKZDVKLJKHUWKDQWKDWRIWKHFRQWUROJURXS
:LWK89%UDGLDWLRQHQKDQFHGWKHIDWFRQWHQW
ZDV  SURWHLQ FRQWHQW  ROHLF DFLG
OLQROHLFDFLGUDWLRZKLFKZDVKLJKHUWKDQ
WKDW RI WKH FRQWURO JURXS 7KLV UHVHDUFK KDV VKRZQ
WKDWHQKDQFHG89%UDGLDWLRQDORQHLVQRWHQRXJKWR
PDNHVLJQLILFDQWLPSDFWVRQSHDQXWTXDOLW\
.(<:25'6
89%UDGLDWLRQ3HDQXW<LHOG4XDOLW\

,1752'8&7,21
7KHR]RQHGHSOHWLRQIURPVWUDWRVSKHUHOD\HUKDV
OHG VLJQLILFDQW LQFUHDVH RI XOWUDYLROHW UDGLDWLRQ
LQWHQVLW\RQWKHJURXQGOHYHO,WKDVEHHQVKRZQWKDW
WKH XOWUDYLROHW UDGLDWLRQ LQWHQVLW\ KDV SURIRXQG
ELRORJLFDO DQG HFRORJLFDO HIIHFWV :KHQ WKH
ELRVSKHUH LV H[SRVHG WR H[FHVVLYH XOWUDYLROHW
UDGLDWLRQWKHORFDOIDUPODQGHFRV\VWHPDQGHYHQWKH
HQWLUHJOREDOHFRV\VWHPFRXOGEHGLVUXSWHGLQYDULRXV
GHJUHHV>@
7KHXOWUDYLROHWUDGLDWLRQHQHUJ\UHFHLYHGRQWKH
JURXQG VXUIDFH DFFRXQWV IRU a RI WKH WRWDO
UDGLDWLRQ HQHUJ\ IURP WKH VXQ %DVHG RQ LWV
ELRORJLFDO LPSDFW XOWUDYLROHW UDGLDWLRQ FDQ EH
FODVVLILHG LQWR VKRUW ZDYH 89& a QP 
PHGLXPZDYH 89%aQP DQGORQJZDYH
89$ a QP  UHVSHFWLYHO\ )RU WKH OLYLQJ
FUHDWXUHV 89& KDV WKH VWURQJHVW LPSDFW EXW LW
FDQQRWUHDFKWKH JURXQGVXUIDFHDVLW LVFRPSOHWHO\
DEVRUEHGE\WKHR]RQHPROHFXOHVLQWKHVWUDWRVSKHUH

0$7(5,$/6$1'0(7+2'6
0DWHULDOV 7KH SHDQXW YDULHW\ XVHG LQ WKH
H[SHULPHQW ZDV .DLQRQJ SURYLGHG E\ WKH
.DLIHQJ$JULFXOWXUHDQG)RUHVWU\6FLHQFH5HVHDUFK
,QVWLWXWHLQ+HQDQ3URYLQFH
([SHULPHQWDO GHVLJQ 7KLV H[SHULPHQW ZDV
FDUULHG RXW LQ ILHOG RI WKH =KHQJ]KRX $JUR
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PHWHRURORJLFDO ([SHULPHQWDO 6WDWLRQ ƍ 1
 (ƍ DOWLWXGH  P  IURP -XQH  WR
2FWREHU$IWHUWKHILHOGKDGEHHQFXOWLYDWHG
DQGIHUWLOL]HGWKHSHDQXWVZHUHVRZHGLQVHHGLQJUDWH
RI  KROHVKP ZLWK WZR VHHGV SODQWHG SHU
KROH 8OWUDYLROHW UDGLDWLRQ ZDV VLPXODWHG E\ 89%
OLJKWV VSHFWUXPIURPQPWRQP PRXQWHG
RQKHLJKWDGMXVWDEOHKROGHUVDQGSRVLWLRQHGDWP
DERYHWKHSHDQXWV7KHUDGLDWLRQLQWHQVLW\ DWWRSRI
WKH FURSV ZDV PHDVXUHG DW  QP XVLQJ GRPHVWLF
XOWUDYLROHWGHWHFWRU %18%HLMLQJ 7KHSHDQXWV
ZHUH VRZHGRQ-XQHDQGWKH 89%OLJKWV
ZHUHWXUQHGRQDIWHUVSURXWLQJRQ-XO\7KH89%
LQWHQVLW\ ZDV VHW DW WKUHH OHYHOV QDWXUDO OLJKW
SODFHERIRUFRQWUROUHIHUHQFH&. HQKDQFHG
7 DQGHQKDQFHG 7 'XULQJWKHH[SHULPHQW
WKH KHLJKW RI WKH 89% ODPSV ZDV FRQVWDQWO\
DGMXVWHGWRPDLQWDLQWKHPLUUDGLDWLRQGLVWDQFH
7KHGDLO\KRXULUUDGLDWLRQIURPWRZDV
SHUIRUPHG XQWLO FURS PDWXUDWLRQ DQG FDQFHOHG LQ
UDLQLQJWLPHV

GHFUHDVH EHFRPHV PRUH UHPDUNDEOH ZKHQ WKH
UDGLDWLRQ LQWHQVLW\ LV VWURQJHU EXW WKHVH \LHOG
GLIIHUHQFHV DUH QRW YHU\ VLJQLILFDQW LQ RXU
H[SHULPHQWV

Theoretical yield per unit area˄g/m2˅











),*85(
(IIHFWRI89%UDGLDWLRQRQWKHRUHWLFDOSRG
SURGXFWLRQ\LHOGSHUKHFWDUH

Pod weight per plant(g/plant)



([SHULPHQWDO PHWKRGV DQG PHDVXUHPHQWV
0HDVXUHPHQWV RI SHDQXW SURGXFWLRQ $IWHU WKH
FURSV ZHUH ULSH DOO WKH SHDQXW IUXLWV LQ HDFK
SURFHVVLQJ EDWFK ZHUH FRXQWHG IRU HDFK SRG
KDUYHVWHG GULHG DQG ZHLJKHG WR FDOFXODWH WKH
WKHRUHWLFDOSURGXFWLRQ\LHOG7KLV\LHOGZDVGLYLGHG
E\ WKH QXPEHU RI SRGV WR FDOFXODWH WKH WKHRUHWLFDO
SRGZHLJKW)URPWKHVHSHDQXWVRQHKXQGUHGIXOO
NHUQHOIUXLWVZHUHVHOHFWHGDQGZHLJKHGWRPHDVXUH
WKH KXQGUHGIUXLW ZHLJKW 7KHQ WKHVH IUXLWV ZHUH
VKHOOHG DQG  EHVW NHUQHOV ZHUH KDQGSLFNHG RXW
DQGZHLJKHGWRGHWHUPLQHWKHKXQGUHGNHUQHOZHLJKW










),*85(
(IIHFWRI89%UDGLDWLRQRQSRGZHLJKW
(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
WKHWKHRUHWLFDOSRGZHLJKW$VLOOXVWUDWHGE\)LJXUH
ZKHQ89%LUUDGLDWLRQOHYHOZDVLQWHQVLILHGWKH
SHDQXWWKHRUHWLFDOSRGZHLJKWGHFOLQHG)RUWKH&.
JURXSWKHSRGZHLJKWZDVJSHUSODQW)RUWKH
7JURXS WKH SRG ZHLJKW ZDV  J SHU SODQW
GHFUHDVHG E\  J )RU WKH 7JURXS WKH SRG
ZHLJKWZDVJSHUSODQWGHFUHDVHGE\J
7KHVH SRG ZHLJKW GLIIHUHQFHV DPRQJ WKHVH WKUHH
JURXSVGLGQRWUHDFKVLJQLILFDQWOHYHOV 3! 7KLV
VKRZV WKDW 89% UDGLDWLRQ HQKDQFHPHQW FDQ KDYH
VRPH LPSDFW WR SHDQXW SRG ZHLJKW DQG PD\ KDYH
ELJJHU LPSDFW ZKHQ WKH LUUDGLDWLRQ OHYHO LV KLJKHU
EXWWKHLPSDFWKDVQRWEHHQIRXQGWREHUHPDUNDEOH

3HDQXW 4XDOLW\ 'HWHUPLQDWLRQ 7KH SURWHLQ
IDWDQGIDWW\DFLGFRPSRVLWLRQRISHDQXWNHUQHOVZHUH
GHWHUPLQHGXVLQJDQHDULQIUDUHGVSHFWUXPDQDO\]HU
5(68/76
(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
SHDQXW\LHOGDQGLWVFRQWULEXWLQJIDFWRUV(IIHFWRI
89% UDGLDWLRQ HQKDQFHPHQW RQ WKH WKHRUHWLFDO
SURGXFWLRQ\LHOG$VVKRZQLQ)LJXUHZKHQ89
% LUUDGLDWLRQ LQWHQVLW\ ZDV LQFUHDVHG WKH SHDQXW
WKHRUHWLFDO SURGXFWLRQ \LHOG SHU SODQWLQJ DUHD XQLW
JRWORZHU)RUWKHFRQWUROJURXSFURSV &. ZKLFK
ZHUHXQGHUQDWXUDOOLJKWLQJWKH\LHOGZDVJP
)RUWKH7JURXSFURSVZKLFKZHUHJLYHQ89
% HQKDQFHPHQW WKH \LHOG ZDV  JP
GHFUHDVHGE\JP)RUWKH7JURXSVWUHVVHG
ZLWK89%HQKDQFHPHQWWKH\LHOGZDV
JPGHFUHDVHGE\JP+RZHYHUWKHVH\LHOG
GLIIHUHQFHVEHWZHHQWKHFRQWUROJURXSDQGLUUDGLDWHG
JURXSV GLG QRW UHDFK VLJQLILFDQW OHYHOV 3! 
7KLV VXJJHVWV WKDW 89% UDGLDWLRQ HQKDQFHPHQW LQ
JHQHUDOFDQFDXVHWKHSHDQXWWKHRUHWLFDOSURGXFWLRQ
\LHOG SHU SODQWLQJ DUHD XQLW WR GHFOLQH DQG \LHOG

(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
SHDQXW KXQGUHGNHUQHO ZHLJKW ,QWHUHVWLQJO\ WKH
HIIHFW RI 89% UDGLDWLRQ RQ SHDQXW KXQGUHGNHUQHO
ZHLJKW YDULHG GHSHQGLQJ RQ WKH GHJUHH RI
HQKDQFHPHQW$VVKRZQLQ)LJXUHWKH&.JURXS V
NHUQHOZHLJKWZDVJZKLOHWKH7JURXS VZDV
JZLWKDVLJQLILFDQWLQFUHDVHRIJ 3 
\LHOGHG E\  89% HQKDQFHPHQW )RU WKH 7
JURXS UHFHLYLQJ  HQKDQFHPHQW WKH NHUQHO
ZHLJKW ZDV  J ZKLFK ZDV DQ LQVLJQLILFDQW
GHFUHDVHRIJ 3! IURPWKDWRIWKHFRQWURO
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WR VRPH GHJUHH FDQ UDLVH LW WKRXJK QRW YHU\
VLJQLILFDQWO\

SHDQXWV EXW D KLJKO\ VLJQLILFDQW GURS RI  J
3 IURPWKDWRIWKH7JURXS,WLVFOHDUWKDW
WKHRYHUDOOHIIHFWRI89%RQSHDQXWJURZWKGHSHQGV
RQWKHUDGLDWLRQLQWHQVLW\:KHQWKH89%UDGLDWLRQ
HQKDQFHG WR D SURSHU OHYHO VXFK DV  SHDQXW
KXQGUHGNHUQHO ZHLJKW LV DFWXDOO\ UHPDUNDEO\
LPSURYHG EXW ZKHQ WKH UDGLDWLRQ OHYHO LV IXUWKHU
UDLVHGSHDQXWJURZWKFDQEHFRPSURPLVHGWR\LHOG
VPDOOHU NHUQHOV ORZHU KXQGUHGNHUQHO ZHLJKW DQG
RYHUDOO ORZHU SHDQXW SURGXFWLRQ \LHOG 7KLV FURS
ELRPDVV GHFOLQH E\ 89% RYHUUDGLDWLRQ LV PDLQO\
GXHWRGHFUHDVHGOHDISKRWRV\QWKHWLFFDSDFLW\RIWKH
SHDQXWV:KHQ89%OHYHOLVWRRKLJKLWFDQGDPDJH
WKHSKRWRV\QWKHWLFV\VWHPDQGVXSSUHVVLWVHIILFLHQF\
FDXVLQJORZHUFRQYHUVLRQRIOLJKWHQHUJ\WRFKHPLFDO
HQHUJ\ ZKLFK FRQVHTXHQWO\ OHDGV WR UHGXFHG
SKRWRV\QWKHWLFFDSDFLW\DQGFURSSURGXFWLRQ\LHOG

(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
SHDQXW SURWHLQ FRQWHQW7DEOHVKRZVWKDW89%
UDGLDWLRQ HQKDQFHPHQW FDQ DIIHFW SHDQXW SURWHLQ
FRQWHQW )RUWKH7JURXSWKH SURWHLQFRQWHQW URVH
XSIURPWKDWRIWKHFRQWUROIRUWKH7JURXS
LW URVH XS  7KH &.JURXS KDG WKH ORZHVW
SURWHLQFRQWHQWDQGWKH7JURXSKDGWKHKLJKHVWLQ
RXUH[SHULPHQW+RZHYHUWKHVHGLIIHUHQFHVGLGQRW
UHDFK VLJQLILFDQW OHYHOV 3!  7KLV PHDQV WKDW
89% UDGLDWLRQ HQKDQFHPHQW FDQ FDXVH VRPH
LQFUHDVHV LQ SHDQXW SURWHLQ FRQWHQW EXW QRW YHU\
VLJQLILFDQWO\
(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
SHDQXW ROHLF DFLGDQG OLQROHLF DFLGFRQWHQW:LWK
89%UDGLDWLRQHQKDQFHPHQWWKHROHLFDFLGFRQWHQW
LQSHDQXWVZDVIRXQGKLJKHU 7DEOH )RUWKH7
JURXSLWZDVKLJKHUWKDQWKDWRIWKHFRQWURO
DQGIRUWKH7JURXSKLJKHU1HLWKHURIWKHVH
WZRLQFUHDVHVUHDFKHGVLJQLILFDQWOHYHO 3! ,Q
WKHPHDQWLPHWKHOLQROHLFDFLGFRQWHQWLQERWK7
DQG7JURXSVZHUHORZHUWKDQWKDWRIWKHFRQWUROE\
DQGUHVSHFWLYHO\7KHVHGHFUHDVHVZHUH
QRW VLJQLILFDQW 3!  2YHUDOO 89% UDGLDWLRQ
HQKDQFHPHQWFDQUHVXOWWKHROHLFDFLGFRQWHQWWRULVH
DQG WKH OLQROHLF DFLG FRQWHQW WR GHFOLQH WR VRPH
GHJUHHDQGWKHHIIHFWWRSHDQXWTXDOLW\VHHPVWREH
VWURQJHU ZKHQ WKH UDGLDWLRQ OHYHO LV KLJKHU EXW
RYHUDOO DOO WKH HIIHFWV DUH QRW YHU\ VLJQLILFDQW
7KHUHIRUH HQKDQFHG 89% UDGLDWLRQ FDQ OHDG WR
EHWWHUVWDELOLW\DQGEHWWHUVWRUDELOLW\RISHDQXWRLOEXW
ORZHU QXWULWLRQDO TXDOLW\ EHFDXVH RI ORZHU OLQROHLF
DFLGFRQWHQWZKLFKLVDQLPSRUWDQWLQGLFDWRUIRUIRRG
QXWULWLRXV TXDOLW\ DV OLQROHLF DFLG SOD\V D UROH LQ
UHGXFLQJKXPDQSODVPDFKROHVWHUROOHYHO

100-kernel weight(g)













),*85(
(IIHFWRI89%UDGLDWLRQRQKXQGUHGNHUQHO
ZHLJKW

(IIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ
SHDQXW TXDOLW\ (IIHFW RI 89% UDGLDWLRQ
HQKDQFHPHQW RQ SHDQXW IDW FRQWHQW 'LIIHUHQW
FRPPHUFLDO SXUSRVHV RI SHDQXWV GHPDQG GLIIHUHQW
SHDQXW TXDOLW\ VWDQGDUG )RU JHQHUDO IRRG VXSSOLHV
KLJK SURWHLQ FRQWHQW LV GHVLUHG IRU SHDQXWV )RU
SURGXFWLRQ RI HGLEOH RLO KLJK RLO FRQWHQW LV
GHPDQGHG DORQJ ZLWK KLJK ROHLF DFLGOLQROHLF DFLG
',6&866,21
UDWLRLPSRUWDQWIRUORQJVWRUDJHOLIH3HDQXWVWKDWDUH
WREHH[SRUWHGKDYHHYHQKLJKHUTXDOLW\VWDQGDUGIRU
7KHFKDQJHVRISODQWPRUSKRORJLFDOFKDUDFWHUV
WKHLU FRORU VKDSH VL]H DQG WKH ROHLF DFLGOLQROHLF
DQG ELRPDVV FDQ VHQVLWLYHO\ UHIOHFW WKH
DFLGUDWLR
HQYLURQPHQWDOLPSDFWVXSRQSODQWV2XUH[SHULPHQW
7KHGDWDLQ7DEOHVKRZVWKDWXQGHUHQKDQFHG
LQGLFDWHV WKDW HQKDQFHG 89% UDGLDWLRQ FDQ DIIHFW
89% UDGLDWLRQ WKH IDW FRQWHQW LQ SHDQXW EHFDPH
SHDQXWSURGXFWLRQ\LHOGDQGTXDOLW\DQGLWDIIHFWVWKH
KLJKHU&RPSDUHGZLWKWKH&.JURXSWKH7JURXS V
IDFWRUV WKDW GHWHUPLQHV SHDQXW SURGXFWLRQ \LHOG
IDWFRQWHQWZDVLQFUHDVHGE\DQGWKH7 VE\
WKURXJK GLIIHUHQW PHFKDQLVPV7KH HIIHFW RI 89%
 +RZHYHU ERWK RI WKHVH LQFUHDVHV GLG QRW
UDGLDWLRQHQKDQFHPHQWWRSHDQXWWKHRUHWLFDO
UHDFK WKH VLJQLILFDQW OHYHO 3!  7KXV 89%
UDGLDWLRQHQKDQFHPHQWFDQDIIHFWSHDQXWFRQWHQWDQG
7$%/(
(IIHFWRI89%UDGLDWLRQRQSHDQXWTXDOLW\
Treatment
Fat(%)
Protein(%)
Oleic acid(%)
Linoeic(%)
O/L(%)
CK
50.43f
f0.23 a
21.78f
f0.58a
43.07f
f0.47a
36.67f
f0.34a
1.17f
f0.019a
T1
51.02f
f0.17a
22.34f
f0.48a
43.35f
f0.88a
36.55f
f0.07a
1.19f
f0.024a
f0.48 a
22.56f
f0.27a
45.85f
f1.63a
35.77f
f1.08a
1.28f
f0.068a
51.82f
T2
1RWH7KHGDWDDUHWKHDYHUDJHYDOXHVRIWULSOHUHSHWLWLRQVWDQGDUGHUURU&ROXPQVPDUNHGZLWKWKH
VDPHOHWWHUVUHSUHVHQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVGRQRWUHDFKWKHVLJQLILFDQWOHYHO 3! 
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FRXQW DQG OLQH FRXQW DUH GHFUHDVHG WKH KXQGUHG
NHUQHOZHLJKWDQGYROXPHDUHLQFUHDVHGDQGWKHEXON
GHQVLW\ LV ORZHUHG %RWK SURGXFWLRQ VSHHG DQG
DFFXPXODWLRQTXDQWLW\RIWKHGU\PDWWHUVDUHUHGXFHG
DQG WKH QRUPDO GLVWULEXWLRQ RI GU\ PDWWHU LV
UHVWUDLQHG
7KHUH DUH PDQ\ IDFWRUV IRU 89% UDGLDWLRQ WR
DIIHFWSKRWRV\QWKHVLV7KHUDGLDWLRQFDQGHVWUR\WKH
WK\ODNRLGOLJKWV\VWHPHVSHFLDOO\WKHOLJKWSLJPHQW
V\VWHPUHVXOWLQJLQGHFOLQHGFKORURSODVWDEVRUSWLRQ
DQGORZHUOLJKWHQHUJ\FRQYHUVLRQHIILFLHQF\ZKLFK
IXUWKHU OHDGV WR ORZHU QHW SKRWRV\QWKHVLV UDWH LQ
SHDQXW OHDYHV WR FDXVH UHVWUDLQHG SKRWRV\QWKHVLV
UHVWUDLQHG VORZHU PDWHULDO V\QWKHVLV HYHQWXDOO\
GHFUHDVHRIWKHELRPDVVDQGJUDLQ\LHOG,QRXUVWXG\
RI SHDQXW TXDOLW\ UHSRUWHG LQ WKLV FRPPXQLFDWLRQ
WKURXJKDQDO\]LQJWKHSHDQXWFRQWHQWVRIIDWSURWHLQ
ROHLFDFLGOLQROHLFDFLGDQGWKHLUUDWLRZHIRXQGWKDW
HQKDQFHG 89% UDGLDWLRQ KDG DIIHFWHG DOO WKHVH
FRQWHQWV EXW WKH HIIHFWV REVHUYHG ZHUH QRW
VLJQLILFDQW 7KLV VKRZV WKDW HQKDQFHG 89%
UDGLDWLRQGRHVQRWLPSDFWSHDQXWTXDOLW\UHPDUNDEO\
DQGWKHGLIIHUHQFHVLQSHDQXWTXDOLW\DUHGHWHUPLQHG
E\RWKHUIDFWRUV

SURGXFWLRQ \LHOG SHU SODQWLQJ DUHD XQLW DQG WR
WKHRUHWLFDO SRG ZHLJKW LV QRW VLJQLILFDQW EXW LW
UHPDUNDEO\ GHFUHDVHV WKH KXQGUHGNHUQHO ZHLJKW
3  ,W LV FOHDU WKDW WKH LPSDFW RI 89%
UDGLDWLRQHQKDQFHPHQWWRSHDQXWSURGXFWLRQ\LHOGLV
PDLQO\H[SUHVVHGE\LWVHIIHFWRQWKHKXQGUHGNHUQHO
ZHLJKW ,W KDV EHHQ REVHUYHG WKDW ZLWK SURSHUO\
HQKDQFHG 89% UDGLDWLRQ WKH KXQGUHGNHUQHO
ZHLJKWFDQEHLQFUHDVHGEXWZKHQWKHUDGLDWLRQOHYHO
IXUWKHULQWHQVLILHGDERYHDFHUWDLQWKUHVKROGSHDQXW V
KXQGUHGNHUQHOZHLJKWZLOOEHVXSSUHVVHG
7KHLPSDFWRIXOWUDYLROHWUDGLDWLRQRQFURSVLV
PDLQO\ FDXVHG E\ LWV HIIHFW WR WKH FURSV 
SKRWRV\QWKHVLVSURFHVV*HQHUDOO\LWLVEHOLHYHGWKDW
WKH PDJQLWXGH RI FURS V SKRWRV\QWKHVLV EHLQJ
VXSSUHVVHG LV HVFDODWHG ZKHQ WKH 89% UDGLDWLRQ
LQWHQVLW\ DQG GXUDWLRQ DUH LQFUHDVHG 3HDQXW
SURGXFWLRQ \LHOG LV GHWHUPLQHG E\ WKUHH IDFWRUV
FDSDFLW\RIWKHFURS VSKRWRV\QWKHWLFSURFHVVUDWLRRI
WKH SKRWRV\QWKHVLV SURGXFWV GLVWULEXWHG LQWR SHDQXW
SRGV GXULQJ WKH SHULRG RI IUXLW IRUPDWLRQ DQG WKH
WLPHOHQJWKRIIUXLWIRUPDWLRQ,WKDVEHHQIRXQGLQ
RXU H[SHULPHQW WKDW H[FHVVLYH 89% UDGLDWLRQ
HQKDQFHPHQWUHPDUNDEO\VXSSUHVVHVSHDQXWJURZWK
LQGLFDWHG LQ PRUSKRORJ\ E\ SODQW GZDUILQJ OHDI
VXUIDFH DUHD UHGXFLQJ DQG HYHQWXDOO\ SHDQXW
ELRPDVV GHFUHDVLQJ 7KLV LV SUREDEO\ GXH WR WKDW
HQKDQFHG 89% UDGLDWLRQ SURPSWV GHJUDGDWLRQ RI
FKORURSK\OOV LQ OHDI EODGHV RU GLVUXSWV WKH VWRPDWD
RSHQLQJDQGFORVLQJSURFHVVRIWKHEODGHV
:DQJ V ZRUN KDV VKRZQ WKDW XQGHU HQKDQFHG
89%UDGLDWLRQZKHDWJURZWKSHULRGLVSRVWSRQHG
DQGWKHZKHDWHIIHFWLYHSDQLFOHFRXQWHDUJUDLQFRXQW
DQGJUDLQZHLJKWDOODUHGHFUHDVHG0DRHWDOVWXGLHG
WKH HIIHFW RI 89% UDGLDWLRQ HQKDQFHPHQW RQ ULFH
SURGXFWLRQ\LHOGDQGJUDLQTXDOLW\XVLQJULFHSODQWV
FXOWLYDWHG LQ SRW >@ 7KH\ GLVFRYHUHG WKDW 89%
UDGLDWLRQORZHUHGFURSSODQWV HIIHFWLYHSDQLFOHFRXQW
WRWDO JUDLQ FRXQW SHU HDU IUXFWLI\LQJ UDWH JUDLQ
ZHLJKW DQG HYHQWXDOO\ FURS SURGXFWLRQ \LHOG 7KH
ULFH JUDLQ V DSSHDUDQFH SURFHVVHG SURGXFW TXDOLW\
DQG FRRNHG ULFH IODYRU DQG TXDOLW\ DOO GHWHULRUDWHG
ZKHQ WKH UDGLDWLRQ HQKDQFHG /L DQG :DQJ >@
VLPXODWHG HQKDQFHG 89%  QP QP 
UDGLDWLRQ WR LQYHVWLJDWH LWV HIIHFWV RQ WKH ELRPDVV
DFFXPXODWLRQDQGSURGXFWLRQ\LHOGRIVSULQJZKHDW
XQGHU WKH FRQGLWLRQ RI ILHOG FXOWLYDWLRQ DQG QDWXUDO
OLJKW 7KH\ IRXQG WKDW WKH HQKDQFHPHQW RI 89%
UDGLDWLRQKDGGHFUHDVHGELRPDVVDFFXPXODWLRQRIWKH
OHDYHVVWHPVURRWVHDUVDQGWKHWRWDOFKDQJHGWKH
ELRPDVVDOORFDWLRQDQGORZHUHGWKHJUDLQSURGXFWLRQ
\LHOG,WKDVEHHQUHSRUWHGLQOLWHUDWXUHWKDWIRUZKHDW
XQGHU H[FHVVLYH 89% UDGLDWLRQ LWV H[WHUQDO
DSSHDUDQFH SK\VLRORJLFDO DFWLYLW\ DQG SURGXFWLRQ
\LHOGVFDQEHDIIHFWHG=KDQJ>@KDVUHSRUWHGWKDW
IRU FRUQ HQKDQFHG 89% UDGLDWLRQ KDV UHPDUNDEOH
HIIHFW RQ WKH \LHOGGHWHUPLQLQJ IDFWRUV GU\ PDWWHU
SURGXFWLRQDQGSURGXFWLRQ\LHOG$PRQJWKH\LHOG
GHWHUPLQLQJIDFWRUVWKHEDOGWLSOHQJWKDQGEDOGWLS
UDWLRDUHLQFUHDVHGWKHHDU VOHQJWKZHLJKWSDQLFOH

&21&/86,21
  7KH GHFUHDVH RI SHDQXW SURGXFWLRQ \LHOG
XQGHUHQKDQFHG89%UDGLDWLRQLVPDLQO\FDXVHGWR
WKH GHFUHDVH RI SHDQXW KXQGUHGNHUQHO ZHLJKW
7KRXJKWKHWKHRUHWLFDOSURGXFWLRQ\LHOGSHUSODQWLQJ
DUHDXQLWDQGWKHWKHRUHWLFDOSRGZHLJKWDUHORZHUHG
LQDOHVVHUGHJUHHWKH\KDYHQRWHIIHFWHGWRSHDQXW
SURGXFWLRQVLJQLILFDQWO\
 $FFRUGLQJWRWKHH[SHULPHQWDOUHVXOWV89
%UDGLDWLRQHQKDQFHPHQWKDVVRPHHIIHFWVWRSHDQXW
TXDOLW\ EXW QRW YHU\ VLJQLILFDQW :KHQ 89%
HQKDQFHG E\  SHDQXW V QXWULWLRXV TXDOLW\ LV
EHWWHU EXW LWV VWRUDELOLW\ LV ZRUVH :KHQ 89%
HQKDQFHGE\SHDQXW VVWRUDELOLW\LVEHWWHUEXWLWV
QXWULWLRXV TXDOLW\ LV FRPSURPLVHG 2XU VWXG\ KDV
JHQHUDWHG ILUVWKDQG GDWD IRU WKH HIIHFW RI 89%
UDGLDWLRQHQKDQFHPHQWWRWKHSURGXFWLRQDQGTXDOLW\
RISHDQXWFXOWLYDWHGLQILHOG)XUWKHUUHVHDUFKLVWREH
SODQQHGWRVWXG\SHDQXWSK\VLRORJLFDODQGHFRORJLFDO
SDUDPHWHUVUHVSRQGLQJWR89%UDGLDWLRQ DQGDOVR
WKH FRPELQDWLRQDO HIIHFW RI 89% UDGLDWLRQ ZLWK
RWKHUHQYLURQPHQWDOIDFWRUV
$&.12:/('*(0(17
7KLV UHVHDUFK ZDV FRQGXFWHG XQGHU WKH
ILQDQFLDO VXSSRUWV IURP WKH 6FLHQFH DQG
7HFKQRORJLFDO)XQGRI+HQDQ3URYLQFLDO(GXFDWLRQ
'HSDUWPHQW $  WKH &0$+HQDQ .H\
/DERUDWRU\ RI $JURPHWHRURORJLFDO 6XSSRUW DQG
$SSOLHG7HFKQLTXH $0) DQGWKH3URJUDP
IRU ,QQRYDWLYH 5HVHDUFK 7HDP LQ 6FLHQFH DQG
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>@7DQJ/1/LQ:;DQG:X;&  
(IIHFWV RI HQKDQFHG XOWUDYLROHW% UDGLDWLRQ
RQJURZWKGHYHORSPHQWDQG\LHOGIRUPDWLRQ
LQULFH 2U\]DVDWLYD/ &KLQHVH-RXUQDORI
$SSOLHG(FRORJ\  
>@ +RX ) - %HQ *< DQG<DQ -<  
(IIHFWVRIVXSSOHPHQWDOXOWUDYLROHWUDGLDWLRQ
RQWKHJURZWKDQGSKRWRV\QWKHVLVRIVR\EHDQ
JURZLQJ LQ WKH ILHOG $FWD 3K\WRHFRORJLFD
6LQLFD  
>@0DR;<  (IIHFWRIHQKDQFHPHQWRI
89%UDGLDWLRQRQ\LHOGDQGTXDOLW\RIULFH
-RXUQDO RI $QKXL $JULFXOWXUDO 6FLHQFHV
  
>@ /L < DQG :DQJ ; /   (IIHFW RI
HQKDQFHG 89% 5DGLDWLRQ RQ ELRPDVV
DFFXPXODWLRQ DQG \LHOG RI VSULQJ ZKHDW
FRORQLHV DQG DVVHVVPHQW XQGHU ILHOG
FRQGLWLRQV 5XUDO (FR(QYLURQPHQW   

>@=KDQJ5*  7KHHIIHFWRIHQKDQFHG
89% UDGLDWLRQ RQ WKH \LHOG DQG TXDOLW\ RI
PDL]H 0DVWHU GHJUHH WKHVHV RI 1DQMLQJ
,QVWLWXWHRI0HWHRURORJ\

7HFKQRORJ\   LQ 8QLYHUVLW\ RI +HQDQ
3URYLQFH ,5767+1
7KH DXWKRUV KDYH GHFODUHG QR FRQIOLFW RI
LQWHUHVW
5()(5(1&(6

>@ )URKQPH\HU + DQG 6WDLJHU '  
8OWUDYLROHW%UDGLDWLRQPHGLDWHGUHVSRQVHVLQ
SODQWV %DODQFLQJ GDPDJH DQG SURWHFWLRQ 
(XURSHDQ3RO\PHU-RXUQDO  ±
>@ ,VDEHO 6 )HUQDQGD ) DQG $OPHLGD - 0
  %LRFKHPLFDO DQG XOWUDVWUXFWXUDO
FKDQJHV LQ OHDYHV RI SRWDWR SODQWV JURZQ
XQGHUVXSSOHPHQWDU\89%UDGLDWLRQ3ODQW
6FLHQFH  
>@ -DLQ . .DWDULD 6 DQG *XUXSUDVDG . 1
  &KDQJHV LQ DQWLR[LGDQW GHIHQVHV RI
FXFXPEHU FRW\OHGRQV LQ UHVSRQVH WR 89%
DQGWRWKHIUHHUDGLFDOJHQHUDWLQJFRPSRXQG
$$3+3ODQW6FLHQFH  
>@=KHQJ<<DQ-DQG:DQ&  (IIHFWVRI
HQKDQFHGXOWUDYLROHWUDGLDWLRQRQFURSVDQGLWV
FRXQWHUPHDVXUHV $JULFXOWXUDO 0HWHRURORJ\
  
>@:DQJ&+=KHQJ<)DQG'X/+  
(IIHFWVRIQDWXUDOXOWUDYLROHWUDGLDWLRQDWHDUWK 
VVXUIDFHRQJURZWKDQGSURGXFWLRQRI:KHDW
-RXUQDORI$JURHQYLURQPHQWDO6FLHQFH  

>@:DQJ6%DQG6X:+  %LRORJLFDOO\
HIIHFWLYH UDGLDWLRQ RI VRODU XOWUDYLROHW
UDGLDWLRQ DQG WKH GHSOHWLRQ RI VWUDWRVSKHULF
R]RQH -RXUQDO RI (QYLURQPHQWDO 6FLHQFHV
 
>@:X-/RX<6DQG/L<;  (IIHFWRI
HQKDQFHG XOWUDYLROHW% UDGLDWLRQ RQ
SK\VLRORJLFDO DQG HFRORJLFDO SDUDPHWHUV LQ
EDUOH\-RXUQDORI$JUR(QYLURQPHQW6FLHQFH
  
>@:X;&DQG/LQ:;  ,QIOXHQFHRI
HQKDQFHG XOWUDYLROHW% UDGLDWLRQ RQ
SKRWRV\QWKHWLF
SK\VLRORJLHV
DQG
XOWUDVWUXFWXUH RI OHDYHV LQ WZR GLIIHUHQW
UHVLVWLYLW\ ULFH FXOWLYDUV $FWD (FRORJLFD
6LQLFD  
>@ /L ; 0 =KDQJ / + DQG 0D / -  
(IIHFWV RI GXUDWLRQ RI 89& UDGLDWLRQ RQ
SKRWRV\QWKHWLFFKDUDFWHULVWLFVDQGDFWLYLW\RI
DQWLR[LGDQWHQ]\PHLQSHDVHHGOLQJV-RXUQDO
RI(FRORJ\DQG5XUDO(QYLURQPHQW  
ˊ
>@/LX%:DQJ&DQG-LQ-  5HVSRQVHV
RIVR\EHDQDQGRWKHUSODQWVWRHQKDQFHG89
% UDGLDWLRQ 6R\EHDQ 6FLHQFH    


5HFHLYHG
$FFHSWHG

&255(6321',1*$87+25
+DQ<DQ
&ROOHJH RI (QYLURQPHQW DQG 3ODQQLQJ +HQDQ
8QLYHUVLW\.DLIHQJ&KLQD
(PDLOKDQ\DQKG#FRP
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plays a major role in development of a variety of
diseases including cancer, autoimmune and
cardiovascular disorders. Although all of the living
organisms have antioxidant defense systems against
oxidative damage, these systems are insufficient to
prevent the damage completely [1]. Therefore,
natural or synthetic antioxidant sources are needed to
protect the cellular DNA from damage induced by
oxidative stress. In recent years, extensive researches
have been focused on antioxidant properties of
medicinal plants due to the potential health risks of
synthetic antioxidants such as liver and kidney
damage or carcinogenesis [2]. Natural antioxidants
in plants can protect the cells against oxidation by
screening free radicals which are produced from
either normal and pathological cell metabolism or
external sources [3,4].
A number of medicinal plants have long been
used in Turkish folk medicine due to their potential
health promoting and pharmacological attributes.
Alcea L. genus, a member of Malvaceae family, is
native to Mediterranean regions and Central Asia
[5]. Alcea apterocarpa (FENZL) BOISS is the
endemic plant for flora of Turkey and the decoction
of this plant is used in folk medicine against urinary
system and pulmonary disorders also kidney stones.
Furthermore, recent reports have suggested that, the
infusion and decoctions prepared from root and
shoot of this species are used for skin disorders and
wound healing in Turkish traditional medicine [6].
The genus Achillea L. belongs to Asteraceae family
is represented as the most important indigeneous
economic plants of Anatolia due to its medicinal,
agricultural, cosmetic and fragrance properties [7,8].
In Turkish folk medicine, infusions and decoctions
prepared from aerial parts of many Achillea species
are widely used for treatment of diarrhea, abdominal
pain, stomach ache and skin wounds [9,10]. A.
nobilis subsp. sipylea is known as endemic of
Turkish flora and it is traditionally used against
abdominal pain due to its antispasmodic, anti-

ABSTRACT
The present study was designed for the
comparison of the antioxidant activities and total
phenolic contents of different extracts obtained from
Achillea nobilis subsp. sipylea and Alcea
apterocarpa (FENZL) BOISS, which are two
endemic species for the flora of Turkey. Plants were
extracted using various solvents with different
polarities by four extraction methods (Soxhlet
extraction, maceration, infusion, decoction).
Antioxidant activities were determined by 2,2diphenyl-1-picrylhydrazyl
(DPPH)
radical
scavenging assay and Folin Ciocalteu reagent was
used to estimate total phenolic compounds in plant
extracts. The results indicated that, infusion and
decoction of A. nobilis subsp. sipylea exhibited
relatively strong antioxidant activities with IC50
values of 61.0 μg/ml and 83.1 μg/ml, respectively
among all plant extracts. Similarly, total phenolic
contents of infusion (139±2.78 mg GAE/g) and
decoction (137±6.09 mg GAE/g) extracts of A.
nobilis subsp. sipylea were found to be highest
among all extracts. Although all extracts of A.
apterocarpa showed varying degrees of antioxidant
activity, these activities were found to be rather weak
compared to A. nobilis subsp. sipylea extracts. The
present results have demonstrated that, the extracts
of A. nobilis subsp. sipylea and A. apterocarpa can
be regarded as promising candidates for natural plant
sources of antioxidants.
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INTRODUCTION
Oxidative stress produced by free radicals,
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calculated from each dried extract.

inflammatory and analgesic properties [11,12].
Phytochemical constituents of medicinal plants
are responsible for their therapeutic activities. It is
well known that, the contents of these compounds
are variable depending on maturity, growing season
and location of plants as well as environmental
conditions such as temperature, light or humidity of
soil [13-15]. Also, the level of active ingredients may
change due to the extraction method [16]. Even
though the studies on the antioxidant activities of
these species have been conducted, the variation of
the mentioned factors may affect antioxidant
properties of the plants. On the other hand, extremely
limited data have been reported regarding the
antioxidant properties of A. nobilis subsp. sipylea
and A. apterocarpa extracts. Furthermore, to our
knowledge antioxidant activities of infusion and
decoction of A. apterocarpa have not been
investigated.
In the present study it is aimed to compare the
antioxidant activities of A. apterocarpa and A.
nobilis subsp. sipylea, which are endemic of Turkish
flora. These comparisons include the in vitro free
radical scavenging activities and phenolic contents
of various extracts of plants obtained by using
different extraction techniques. Therefore, the
present study may allow to determine the new
potential sources of natural antioxidants.

Extraction by Soxhlet Method. Plant powders
(25g) were first extracted with 96% ethanol (250 ml)
LQDVR[KOHWH[WUDFWLRQV\VWHP øOGDP7XUNH\ IRU12
h [17]. The residue was then re-extracted with nhexane (250 ml) under the conditions described
above. In the second step of extraction, the equal
volume of plant powders were extracted first with nhexane (250 ml), afterwards the residues were
further extracted with 96% ethanol (250 ml).
Extracts were passed through filter paper (Whatman
No.1) and solvents were evaporated to dryness under
reduced pressure by using a rotary evaporator
(Heidolph, Laborota 4000, Germany) at 40 °C. After
removing the solvent, extracts were lyophilized with
a freeze- dryer (Christ Alpha 2-4 LD plus, Germany)
and stored at ±20 °C until further use.
Extraction
by
Maceration
Method.
Powdered plant materials (25 g) were successively
macerated with 96% ethanol and n- hexane (500 ml)
for 10 days, at room temperature [18]. The extracts
were passed through filter paper to give crude
extract. Afterwards, extracts were lyophilized with a
freeze-dryer and stored at ±20 °C until further use.
Extraction by Decoction and Infusion
Methods. Decoction was performed according to the
method of Li et al. [30] with slight modification. To
prepare the decoction, plant samples (25 g) were
suspended in distilled water (500 ml), then heated
and boiled for 5 minutes. To prepare the infusion,
plant samples (25 g) were added to boiling distilled
water (500 ml) and allowed to stand at room
temperature for 5 minutes [19]. All extracts were
filtered, subsequently freezed and lyophilized.

MATERIALS AND METHODS
Collection of Plant Material. A. nobilis
subsp. sipylea was collected in April 2012 from
Mountain Spil (1350 m) Manisa, Turkey. A voucher
specimen was deposited in the Herbarium of Ege
University, Faculty of Pharmacy, Izmir, Turkey
(IZEF 5511). A. apterocarpa (FENZL) BOISS was
collected in July- August 2012 from ErzurumArtvin road, around Guzelyayla village, 30-40 km,
1850-1900 m. A voucher specimen was deposited in
the Herbarium of <]QF <ÕO 8QLYHUVLW\ 9DQ
Turkey.

Determination of Total Phenolic Content.
The amount of total phenolic compounds found in
the plant extracts were determined by the Folin±
Ciocalteu assay [20]. The absorbance of extracts was
determined at 725 nm. Gallic acid was used as a
standart. Results were expressed as milligrams of
gallic acid equivalent per gram of dry weight (mg
GAE/g).

Preparation of Plant Samples. The parts of
plants were chosen taking into account the reported
traditional uses of these plants. The roots of
A.apterocarpa and the aerial parts of A. nobilis
subsp. sipylea were dried at room temperature and
grounded into uniform powder using a grinder. Air
dried plant samples were extracted with four
different extraction techniques; Soxhlet extraction,
maceration, infusion and decoction methods. Two
different solvents (96% ethanol and n-hexane) were
used in succession for soxhlet and maceration
techniques. These solvents with different polarities
were chosen in order to isolate different bioactive
compounds from plant material. The yield (%) was

DPPH Radical Scavenging Assay. The 2,2diphenyl-1picrylhydrazyl
(DPPH)
radical
scavenging effect was assessed by the discoloration
of methanol solution of DPPH [21]. 200 μL of
methanolic solutions of extracts at various
concentrations (25, 50, 100, 200 μg/ml) were added
to 50 μL of DPPH solution. The reaction mixture
was kept in the dark for 30 min. The absorbance of
extracts was measured at 520 nm. Ascorbic acid was
used as standart compound. DPPH radical
scavenging activity was expressed as the inhibition
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TABLE 1
Percentage yield of plant extracts
Extraction Method

Solvent

Soxhlet
Soxhlet
Soxhlet
Soxhlet
Maceration
Maceration
Maceration
Maceration
Decoction
Infusion

Ethanol
n-hexane
Ethanol/n-hexane
n-hexane/ethanol
Ethanol
n-hexane
Ethanol/n-hexane
n-hexane/ethanol
Water
Water

Yield (%)
Alcea apterocarpa
Achillea nobilis subsp.
(FENZL) BOISS
sipylea
5.54
13.32
2.32
2.3
1.97
0.82
3.5
17.55
2.47
3.27
1.75
1.82
1.5
3.45
1.3
4.1
18.2
20.92
10.64
18.28

TABLE 2
Total phenolic contents in the plant extracts expressed in terms of
gallic acid equivalent (mg of GAE/g of extract)
Total phenolic content (mg of GAE/g of extract g)
Alcea apterocarpa
Achillea nobilis subsp.
Extraction Method
Solvent
(FENZL) BOISS
sipylea
Soxhlet
Ethanol
12.62 ± 1.23
58 ± 2.63
Soxhlet
n- hexane
28.93 ± 1.78
32.9 ± 2.57
Soxhlet
Ethanol/n-hexane
15.08 ± 1.72
44.32 ± 2.40
Soxhlet
n- hexane/ethanol
20.96 ± 1.84
65.68 ± 2.14
Maceration
Ethanol
33.28 ± 2.55
17.28 ± 3.01
Maceration
n-hexane
14.85 ± 3.16
40.25 ± 1.89
Maceration
Ethanol/n-hexane
nd
87.27 ± 3.48
Maceration
n-hexane/ethanol
31.64 ± 3.32
49.9 ± 1.32
Decoction
Water
nd
137 ± 6.09
Infusion
Water
nd
139 ± 2.78
Values are expressed as mean ± S.D. Nd: not detectable.
The amount of total phenolics in A. apterocarpa
extracts ranged from undetectable to 33.28 ± 2.55 mg
percentage and was calculated using the following
gallic acid/g dry weight. It was observed that,
formula:
infusion, decoction and ethanol/n-hexane extract
% DPPH radical scavenging activity =
obtained by maceration technique had low to
[(Control absorbance - sample absorbance)/Control
undetectable levels of phenolic content. Otherwise,
absorbance] x 100
the ethanolic extract obtained by maceration
technique presented the highest amount of total
phenolics. Based on these data we can suggest that
RESULTS
A. nobilis subsp. sipylea extracts had a higher
phenolic content when compared to A. apterocarpa
The values of extraction yields are presented in
extracts.
Table 1. The highest extraction yields were achieved
by decoction and infusion methods for both plants.
Total Phenolic Content. The total phenolic
contents of A. nobilis subsp. sipylea extracts ranged
from 17.28 ± 3.01 to 139 ± 2.78 mg gallic acid/g dry
weight. Among various solvent extracts of A. nobilis
subsp. sipylea, the highest content of phenolic
compounds was determined in decoction and
infusion extracts. The ethanolic extract obtained by
maceration technique contains a considerably lower
concentration of phenolics when compared to other
A. nobilis subsp. sipylea extracts.

FIGURE 1
Standard calibration curve of gallic acid
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TABLE 3
DPPH radical scavenging activities of plant extracts
IC50 (μg/ ml)
Extraction Method

Solvent

Soxhlet
Soxhlet
Soxhlet
Soxhlet
Maceration
Maceration
Maceration
Maceration
Decoction
Infusion
Ascorbic acid

Ethanol
n-hexane
Ethanol/ n-hexane
n-hexane/ethanol
Ethanol
n-hexane
Ethanol/n-hexane
n-hexane/ethanol
Water
Water
-

Alcea apterocarpa
(FENZL) BOISS
483.3 ± 3.45
829.1 ± 4.54
1224.5 ± 1.69
606.6 ± 3.55
1144 ± 1.60
1555 ± 4.15
1739 ± 3.59
1064 ± 2.04
1820 ± 2.15
379.7 ± 2.00

Achillea nobilis subsp.
sipylea
148.7 ± 1.82
480.9 ± 2.94
1120.7 ± 2.89
127.2 ± 2.56
291.7 ± 4.33
246.05 ± 3.31
181.5 ± 2.48
220.7 ± 3.73
83.1 ± 2.11
61.0 ± 3.17
26.92 ± 1.03

Values are expressed as mean ± S.D.
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FIGURE 2
DPPH radical scavenging activity of the different extracts of A. apterocarpa
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FIGURE 3
DPPH radical scavenging activity of the different extracts of A. nobilis subsp. sipylea
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A. nobilis subsp. sipylea showed the highest
scavenging activity among all A. nobilis subsp.
sipylea extracts. Similarly, infusion of A.
apterocarpa exhibited the highest scavenging
activity when compared to other A. apterocarpa
extracts. Furthermore, soxhlet ethanol (polar)
extracts of both plants exhibited slightly higher
antioxidant activity. Previous studies indicated that,
polar solvent extracts have higher antioxidant
activity than non-polar ones [29-31]. The findings
relating to our water extracts can be explained by the
fact that increase in the polarity of solvent may
enhance the solubility of antioxidant compounds
[32]. Besides the polarity of solvent, numerous
factors, such as temperature and extraction process
may affect the antioxidant activity [33]. Thermal
process conditions may accelerate the oxidation and
other degenerative reactions of natural antioxidants
and lead to the loss of antioxidant activity [34]. In
this study we found that, although the infusion
extract of A. apterocarpa showed the highest
scavenging activity, the other water extract of the
same plant (decoction) exhibited the lowest activity
against DPPH free radical. It can be explained by
thermal decomposition of natural antioxidant
compounds in A. apterocarpa at high temperature
during boiling process in decoction method.
Polyphenolic compounds are considered to be
majorly responsible for antioxidant activity of plants.
In accordance with the results of DPPH assay,
infusion and decoction of A.nobilis subsp. sipylea
exhibited the highest phenolic content among all
other extracts. These results suggest that phenolic
compounds are extracted in higher amounts in more
polar solvents. Our findings are consistent with the
work of Barchan et al. [35] who demonstrated that
polar solvent (methanol and water) extracts
contained higher amounts of phenolic compounds
and exerted strong antioxidant activity, while nonpolar solvent (n-hexane and dichloromethane)
extracts showed negligible activity. Also, it has been
reported that, phenolic substances in Achillea species
are highly soluble in water due to their chemical
structure [36].
Although a significant relationship between the
amount of phenolic compound and antioxidant
acitivity has been indicated in several studies [37],
antioxidant activity does not necessarily correlate
with high amounts of phenolic compounds [38]. In
our study, we found that, the phenolic contents of
infusion and decoction of A. apterocarpa were at too
low levels for detection, while the infusion of A.
apterocarpa possessed the highest antioxidant
activity. Therefore, we concluded that the
antioxidant activity of this plant was not directly
linked to its phenolic content. It is well known that,
the presence of other antioxidant compounds in
plants such as ascorbic acid, vitamin E, carotenoids,
sodium sulfite and polysaccharides might also be
responsible for the antioxidant activity [39].

DPPH Radical Scavenging Assay. Although
all A. apterocarpa extracts exhibited varying degrees
of scavenging activity in a concentration- dependent
manner, these activities were found to be rather weak
compared to A. nobilis subsp. sipylea extracts. The
soxhlet ethanol and infusion extracts of A.
apterocarpa exhibited the most effective scavenging
activity with IC50 values of 483.3 and 379.7 μg/ml,
respectively, among all A. apterocarpa extracts. All
extracts of A. nobilis subsp. sipylea inhibited DPPH
free radical in a concentration- dependent manner
whereas the highest activities were determined in
infusion (IC50 61.0 μg/ml) and decoction (IC50 83.1
μg/ml) extracts. The percentage inhibition of
scavenging activities of infusion and decoction
extracts were found to be 84.6 % and 78.8 %
respectively, which were close to that of ascorbic
acid (95.92 % inhibition) at a concentration of 200
ȝJPO

DISCUSSION
The World Health Organisation has reported
WKDW DW OHDVW  RI WKH ZRUOG¶V SRSXODWLRQ XVH
medicinal plants for primary health care [22].
Especially in recent years, the considerable attention
has been focused on the biologically active
compounds isolated from plant species, due to the
reported adverse effects of synthetic drugs [23,24].
Turkey has very rich and varied flora with the
diversity of endemic species. Different parts of
plants which grow in this region, are extensively
used in Turkish folk medicine for their medicinal
properties [9,12,19]. In the present study, we
comparatively evaluated the antioxidant activities
and phenolic contents of various extracts obtained
from Achillea nobilis subsp. sipylea and Alcea
apterocarpa (FENZL) BOISS, to confirm their
traditional uses. For this purpose, different extraction
methods were used and plants were extracted with
water, ethanol and n-hexane to separate compounds
which have different polarities. Infusion and
decoction methods were chosen taking into account
the traditional uses of the selected plants. On the
other hand, soxhlet and maceration techniques were
employed due to conventional procedures frequently
used to recover phytochemical compounds from
plants [25].
DPPH assay has been extensively used as a
rapid, simple, sensitive and reproducible parameter
to determine the in vitro antioxidant activities of
plant extracts, compounds or biological sources [26,
27]. Furthermore, this assay may be utilized in
aqueous and non-polar organic solvents and can be
used to investigate both hydrophilic and lipophilic
compounds [28]. In this study, although all the
extracts of two plants exerted varying degrees of
antioxidant activity, this effect was more pronounced
in water extracts of plants. Infusion and decoction of
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needed to determine the biologically active
compounds found in various extracts of Achillea
species.

Especially, polysaccharides or their glycoconjugates
isolated from natural sources are represented as free
radical scavengers and exhibit multiple biological
effects including high antioxidant activity.
Phytochemical studies have demonstrated that the
roots of Alcea species are very rich in
polysaccharides, oligosaccharides, micro elements
and proteins [40,41]. Thus, we suggested that the
polysaccharides found in the root extract of A.
apterocarpa may be responsible for the antioxidant
activity. On the other hand, it is well known that
molecular antioxidant response of phenolic
compounds in the extract varies remarkably
depending on their chemical structure [42].
Many studies have been conducted to
investigate the antioxidant properties and phenolic
content of various Alcea and Achillea species. In a
previous investigation, it has been reported that the
leaves, seed and flower extracts of Alcea hyrcana
Grossh which is native to northern of Iran, exhibited
good antioxidant activity [43]. In contrast with these
findings, the aqueous extract of Alcea acaulis (Cav.)
Alef exhibited the lowest antioxidant activity among
95 plant extracts. Similarly, the methanolic extract of
this plant possessed relatively low antioxidant
activity and phenolic content [44]. Our findings are
in correlation with the previous studies where it had
been established that extracts of Alcea species had
weak antioxidant activity and low phenolic content.
The controversial between these results could be
arised from the growing season and locations
differences of plants, different extraction techniques
and conditions or interspecific differences. On the
other hand, our results are consistent with the work
of Konyalioglu and Karamenderes [45], who
demonstrated that infusions of Achillea species
including A.nobilis subsp. sipylea, are potential
sources of natural antioxidants for treatment and
prevention of diseases. In addition, the authors have
reported that, infusions of all tested Achillea species
were found to be effective on antioxidant enzyme
systems of human erythrocytes and leukocytes and
have protective effects against hydrogen peroxideinduced oxidative damage.
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ABSTRACT

INTRODUCTION

The tropical rainforest of Xishuangbanna
(XSBN) in the southern Yunnan province is the
most intact tropical rainforest of the high-latitude
and high-altitude areas in China, and the only oasis
at the latitude of 21 degrees north. However,
large-scale rubber planting has seriously damaged
the ecological environment in recent decades. The
relationship between the carbon (C) and nitrogen (N)
contents of soil and the stand age has been
discussed based on the organic carbon (SOC) and
nitrogen (STN) content of soil, the C/N variation in
rainforests, and rubber plantation at different stand
ages (10a, 22a, 30a). Furthermore, we analysed the
factors influencing the variation of soil carbon and
nitrogen. The results showed that the contents of
SOC, STN, and C/N decreased with the depth of
the soil profile in the study area at the same stand
age. The order of the SOC content of different
rubber stand ages at the same depth was generally
as follows: 22a >30a >10a. The STN pattern from
30 cm depth to the top was 22a >10a >30a and the
variation regularity was not significant below 30
cm. However, the value of C/N increased gradually
with the age of the rubber trees. This indicates that
the SOC and STN contents are significantly
affected by the soil depth and stand age. Compared
with the rainforest in the same region, the lower
SOC and STN concentrations and the higher C/N of
the rubber plantation demonstrated the effect of the
rubber plantation on the carbon storage and nutrient
utilization, which is much lower than that of virgin
forest. Human activities (such as tapping) further
intensified the loss of nitrogen in the soil.

XSBN is the most concentrated and typical
tropical rainforest region in China. However, the
widespread rubber cultivation has changed it to one
of the largest artificial ecosystems of the tropical
regions in China [1-6]. Important indicators of the
soil quality and health are the abundance of organic
carbon and its dynamic balance [7-9]. Nitrogen (N)
is one of the nutrient sources for plants and it is the
main limiting factor of land plant growth [10-11].
The C/N ratio of soil reflects the soil nitrogen
mineralization [12], and it can determine the
quantity and rate of nutrients in the soil after litter
decomposition by microorganisms. Nitrogen
migration and transformation in forest ecosystems
have become one of the hottest research topics in
the study of biogeochemical cycles [13-16], helping
to understand the migration and transformation of
nitrogen in the soil-rubber and the environmental
effects by studying the vertical variation of nitrogen
[17-18]. Studies have shown that the content and
availability of soil carbon and nitrogen decreased
and the acidity of the soil gradually increased when
the tropical seasonal rain forest in XSBN changed
to rubber plantation [19-20]. Hence, the research
results will provide rational guidance to better
understand the modelling of C and N cycles under
land use change (LUCC) in the tropical rain forest
region. However, there is a lack of research on the
characteristics of soil C and N in the rubber growth
cycle and the relationship between the stand age
and the vertical distribution of soil.
Here, the characteristics of soil C and N and
C/N in the tropical rainforest of XSBN have been
analysed using the growth cycle (10a, 22a, 30a) of
rubber plantation. The influence of the forest type
change on the soil C and N contents and C/N has
been discussed. The results of this study can be
used as foundation for the resource utilization in
tropical rainforests and will also help studying the
regional N deposition and nutriment element

KEYWORDS:
Soil, Rubber plantation, Stand age, Ecological
stoichiometric ratio, Vertical distribution of carbon and
nitrogen, Xishuangbanna
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was measured using mass spectrometry (MAT253).
The C/N analytical precision was better than 5%.
The experimental analysis of the samples was
carried out at the Yunnan Key Laboratory of
Plateau Surface Process and Environment Changes.

cycling.

OVERVIEW OF STUDY AREA
XSBN is located in the Hengduan Mountains
LQ 6RXWKZHVW &KLQD  މto  މ1  މto
(މthe elevation is about 485 to 2429 m). It
comprises undulating terrain and mainly hilly areas,
accompanied by an intermontane basin and river
terraces. The climate is mainly controlled by the
Asian southwest monsoon. The mean annual
temperature recorded at regional weather stations is
21.6°C, and the mean annual precipitation is
approximately 1500-1600 mm, with more than 83%
of precipitation falling between May and October.
Approximately 170 days throughout the year are
foggy days, and the area is frost-free all year round.
The tropical rainforest and rubber plantation are the
two typical native vegetation zones. The rubber
plantation has been expanding rapidly in recent
years, and the planting altitude has reached 1200 m.

FIGURE 1
Research sites distributions of rubber plantation
and rainforest in Xishuangbanna

MATERIALS AND METHODS

The double factor variance analysis method
(Two-way ANOVA), least significant difference
(LSD), analysis of covariance, Pearson correlation
analysis, and multivariate linear regression model
have been used to analyse the experimental data.

Sample Collection. To obtain high-precision
samples, 15 soil profiles for each 70 cm were
manually excavated in the Mampa and Mandan
rubber plantations and the virgin forest of XSBN
according to the stand age (Fig. 1 and Table 1). The
soil profiles were sampled at 10 cm intervals by
cutting rings, yielding 105 samples for the analysis
of the geochemical elements.

RESULTS
Variation Characteristics of SOC and STN
in Different Soil Depths. The vertical soil layers of
different forest types and stand ages affect the SOC.
Four types of forest (forest, 10a, 20a, 30a) topsoil
SOC content with the highest SOC of different
forest types and ages showed a downward trend
with soil depth (Fig. 2a, Fig. 3a).
The 0-10 cm 22a SOC was the highest with
22.81 g·kg-1, 10a showed the lowest concentration
of 11.11 g·kg-1, and the SOC of 30a was slightly
higher than that of the forest. The SOC change is

Experiment Meths. The sample preparation
involved complete air-drying of the samples,
grinding, and sieving at 75 ȝm to remove plant
residues. The organic carbon content of the soil
samples was determined with potassium dichromate
oxidation. An error of <5% was achieved during the
analysis. The total nitrogen content of the samples
was measured using the Kjeldahl nitrogen
determination method. The relative standard
deviation (RSD) of parallel analyses of individual
samples was <1%. The C/N ratio in the samples

TABLE 1
Basic information of the virgin forest and the rubber plantation in all sites
Forest types
(Stand Ages)
(a)

Elevation
(m)

Gradients
°

Canopy height
(m)

Plant density
(m × m)

Soil types

Soil C/N rations

Forest
10
22
30

676-680
704-696
724-757
740-750

36-45
15-39
2-12
32-48

28
14
8-18
15

9 × 2.5
9 × 2.5
9 × 2.5
9 × 2.5

latosol
latosol
latosol
latosol

9.57±1.51
9.55±1.45
9.49±1.64
9.98±1.71
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content significantly decreases with the deepening
of the soil layer and 10 cm stratification, compared
with the SOC, and the forest at 60-70 cm depth
shows an abnormal STN content of 50-60 cm. In
addition, the STN content differs from the SOC
concentration in the 0-10 cm soil layers, at 1.22
g·kg-1 and 1.26 g·kg-1 for 10a and 30a, respectively.
The STN changes are similar to the SOC changes
for the other two forest types. The variance analysis
showed that changes were not evident for the
rubber plantation of the 30a STN failure during the
perinatal period of the 30-70 cm layer. The divided
layers in Fig. 3 show that the STN content of the
0-20 cm layer of 22a was the highest, with 1.78
g·kg-1 and that of the 50-70 cm layer of the forest
was the lowest, with 0.57 g·kg-1, due to the
influence of nitrogen transport, transformation, and
consumption by tapping.

not notable for the forest below the 20 cm soil layer
and 22a and 30a below 50 cm show no significant
difference (Fig. 2a), which is affected by the
different fertilization, element migration, and
transformation and humus layer depending on the
soil layer changes, in addition to the notable
externally declining SOC content of 10a. The SOC
content of the 0-70 cm soil layers can be divided
into that of three layers, 0-20 cm, 20-50 cm, and
50-70 cm, which show significant SOC decline.
The SOC content of the 0-20 cm layer is much
higher than that of the other two layers. The SOC
concentration of the 0-20 cm layer of the 22a rubber
plantation is the highest, with 19.48 g·kg-1 and that
of the 50-70 cm layer of the 10a rubber plantation is
the lowest, with 4.46 g·kg-1 (Fig. 4).
Fig. 5 and Fig. 2b show that the STN and SOC
of the forest types and the overall trend of the soil
layers are barely different. However, the STN

FIGURE 2
Contents of SOC and STN of the forest and rubber plantation

FIGURE 3
SOC, STN and C/N of the virgin forest and rubber plantation variation with
age and soil layer of spatial variation
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FIGURE 4
SOC, STN and C/N of the primeval forest and rubber plantation variation with
age and soil layers group

FIGURE 5
˄a, Relationship between C/N,
Relationship between C/N, STN and SOC across all sites in Xishuangbanna˄
STN and SOC, the regression equations of SOC and STN, SOC and C/N, STN and C/N are respectively: y
= 0.08x + 0.188 (R2 = 0.950;P<0.001), y = 0.124 + 8.543(R2 = 0.259;P<0.001), y = 0.991 + 8.788(R2 =
0.112;P=0.001); b,the correlation regression equations of SOC and STN in different forest types are: 10a: y
= 0.09x + 0.237(R2 = 0.980;P<0.001), 22a: y = 0.082x + 0.183(R 2 = 0.984;P<0.001), 30a: y = 0.066x +
0.205(R2 = 0.941;P<0.001), Forest: y = 0.079x + 0.281(R 2 = 0.979;P<0.001); c, the correlation regression
equation between SOC and STN in all sites soil layers are: 0~10cm: y = 0.080x + 0.195(R 2 = 0.953;P<0.001),
10~20cm: y = 0.058x + 0.409(R2 = 0.626;P<0.001), 20~30cm: y = 0.076x + 0.225(R2 = 0.693;P<0.001),
30~40cm: y = 0.079x + 0.191(R2 = 0.617;P<0.001), 40~50cm: y = 0.107x + 0.007(R 2 = 0.778;P<0.001),
50~60cm: y = 0.079x + 0.193(R2 = 0.529;P<0.001), 60~70cm: y = 0.087x + 0.167(R 2 = 0.596;P<0.001)˅

stage (10a), Fig. (2a). The rubber plantations at
different age stages of the STN content of 0.55-2.07
g·kg-1 (Fig. 2b) and the stand age and the effects of
the soil depth on STN are the same for the SOC (P
< 0.001) (Fig. 3, Fig. 4). From the 10a to 30a ages
of the rubber plantation, the average content of STN
reduces to 0.51 g·kg-1, during the economic life of
hevea brasiliensis. The STN content change with
the variation of SOC was slightly different. Fig. 2b
and Fig. 5 show that in the 30a cycles, the STN
reduction is most notable at 0-10 cm (0.75 g·kg-1)
(P < 0.05). The changes of the other layers were
more notable than that of the SOC.

Characteristics of Changes of SOC and
STN at Different Ages of Stand. The variance
analysis showed that the age and depth of the soil
layer and the SOC content were significantly
different (P < 0.001) and the interaction was
notable (Table 2). In the study of the forest section
of the rubber plantation, the rubber plantation SOC
content taps a third year (10a) minimum, with an
average of 7.38 g·kg-1. With continued tapping, the
SOC increases gradually in the perinatal period
(22a) to the highest value of 10.97 g·kg-1. During
the perinatal period (30a), the SOC content
decreases (on average 8.48 g·kg-1), but the overall
SOC consumption is higher in the primiparous
1434
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Different Depths and Stand Age. Fig. 2c and
Table 1 show the soil C/N average difference (P <
0.05) of the rubber plantation at different ages at
which the C/N of 30a was the highest, at 9.98. The
changes with age, C/N, and SOC show a similar but
barely notable trend, and the age and age
interactions with the soil significantly impact C/N
(P < 0.001). The effect of the soil layer on the C/N
ratio is barely notable (P > 0.05) (Table 2). The soil
C/N changed from 11.47 to 5.90 in the 30 years of
economic life of the rubber plantation, with 30a >
22a > 10a at the same soil layer depth and different
ages. The average original forest soil C/N value is 9
and the overall average value of the rubber
plantation is 9.88, with 7.95, 9.77, and 10.77 for
10a, 22a, and 30a, respectively, which are less than
13.33 and 20 [21].

Correlation between SOC and STN. The
ebb and flow of the STN content depend on the
changes of the organic quality. The linear return
analysis on different types of forest and soil layer
SOC and STN contents (Fig. 5) leads to the total
return equation of carbon±nitrogen as y = 0.08x +
0.187 (y represents STN content, x represents SOC
content) , which indicates the different forest types
and vertical layers in the research district. The SOC
and STN show a significant correlation (R2 =0.95; P
< 0.001). The relationship and the synchronization
of the change of carbon±nitrogen also explain the
similarity of the vertical variation in the SOC and
STN of the soil layers in different forest types (Fig.
4, Fig. 5 and Fig. 6).
Variation Characteristics of Soil C/N in

TABLE 2
Effects of ages and soil depths on soil organic carbon and total nitrogen content

SOC
STN
C/N

Stand Ages
F values
32.116
15.528
31.664

P values
< 0.0001
< 0.0001
< 0.0001

Soil depths
F values
39.934
35.037
0.231

P values
< 0.0001
< 0.0001
0.637

Stand Ages × Soil depths
F values
P values
19.962
< 0.0001
18.729
< 0.0001
15.791
< 0.0001

FIGURE 6
The total change trend of SOC and STN in soil layer of rubber plantation in Xishuangbanna
TABLE 3
The correlation coefficient r value between the soil carbon and nitrogen of rubber plantation and
virgin forest with ages and soil layer and in parentheses corresponds to a probability value
Stand Ages
Soil depths
SOC
STN
C/N
SOC 0.114(0.563)
-0.821**(< 0.001)
STN -0.096(0.349)
-0.817**(< 0.001)
C/N 0.791**(< 0.001) 0.506**(< 0.0001)
**at the 0.01 level (2-tailed test ) is significant

0.966**(< 0.001)
0.382**(< 0.01)
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falling accumulation. Hence, the rubber forest SOC
content is the lowest. When entering the perinatal
period, the self-fall is large, which further increases
the amount of fertilizer, and the C/N ratio is low.
The nitrogen content of the increase promotes the
SOC content to reach the maximum. The decreased
leaf area index, growth in recession, and relative
reduction of falling objects of the mature rubber
plantation (30a) entering the aging period cause the
slightly lower SOC content of the more prosperous
period.
On the other hand, soil texture and soil clay
affect the microbial activity and the ability to
maintain carbon and the content will affect organic
compounds, plant residues, and the rate of the
transformation products of decomposition [24-25]
when the rainforest transforms into rubber
plantation. The forest soil and clay are changed,
resulting in the decreased SOC content.
Additionally, along with the deepening of the soil,
the reasons that the original forest SOC and STN
contents are higher than that of the rubber forest
may be that the rubber plantation soil has a better
vertical development and less root biomass, that the
soil and water loss of nutrient elements when
leaching limits the amount deposited onto the lower
soil, the soil fauna and plant residues and microbial
quantity is reduced, and the activity ability is abate,
resulting in the reduction of SOC [20, 26-27].
These reasons elucidate that the SOC storage
capacity decreases after the transformation of the
rainforest into the rubber plantation.
We conclude that the STN content decreases
as age increases, reducing the overall levels of STN
(Fig. 7) after virgin forest is transformed into rubber
plantations. The reason for this phenomenon may
be that with the increase of the tapping frequency,
the amount of latex nutrient loss also increases and
mostly nitrogen is lost. However, nitrogen loss in
latex is at the cost of reduced nitrogen in the soil
[14, 28]. Elser's [29-30] research showed that,
according to the growth rate theory of ecological
stoichiometry, higher plant and soil C/N reduce the
growth rate of ecosystem consumers. This study
concluded that the SOC and STN contents have an
extremely significant correlation (P < 0.001) with
rubber plantation at different ages, but the variation
of the soil layer C/N is inconsistent with the
increase of age. The increasing soil C/N and
regression analyses showed that nitrogen is the
main factor influencing the C/N ratio. The STN
content continues to diminish after entering the
bearing time upon the increase of the stand age,
leading to increased C/N values and decreased SOC
contents and carbon release.
In this study, the 10a rubber plantation, in
addition to the virgin forest, is below the Chinese
soil C/N average (from 10:1 to 12:1) [31]. The rest

Correlation between C/N and SOC and
STN. The SOC and STN have a positive feedback
effect in a certain range because of the common
effect of both on the soil C/N, but their different
degree of influence affected by the soil microbial
demand for the C/N threshold. Therefore, C/N
shows no significant variation in the 0~10 cm
layers (Fig. 2c). The soil C/N trends are similar to
the SOC in the different forest types but are more
significantly affected by the STN when the
assembly layer shown in Fig. 4 is divided. In
addition, the correlation and regression analyses
showed that SOC and C/N are positively correlated
(r = 0.382, P < 0.01) and STN and C/N are
negatively correlated (r = -0.411, P <0.01) (Table 3,
Fig. 6a). The equation for the soil C/N, C/N =
0.888SOC - 9.535STN + 10.337 (R2 = 0.780, P <
0.001), shows that the effect of STN on the C/N
ratio is greater than that of SOC and that there is a
significant difference related to the different
requirements of microbial reproduction and
development for C/N. At the same time, the
relationship of approximation and synchronization
also explains the similarity of SOC and the STN
regularity.

DISCUSSION
This study shows that the economic lifetime of
the rubber plantation, the age, and the soil
significantly interact and influence the SOC.
Differently aged SOC shows differences, with
22a > 30a > 10a in different layers. The dynamic
change in the SOC process is mainly reflected by
accumulating or mineralizing processes from rubber
hevea at the beginning of the production to the
period of production reduction. The combination of
this study with existing research, 3a and 7a rubber
forest mean SOC contents of 20.65 g·kg-1 [22] and
8.80 g·kg-1 [23], respectively, showed that the SOC
content is on the order of 10a < 7a < 30a < virgin
forest < 22a < 3a, which indicates that the SOC of
the rubber plantation with increases with age and
shows a variation from decreasing to increasing to
decreasing. The changes, which can be explained
by forest type impacts on the SOC, occurred mainly
within the bearing time. That the values are lower
than that of the early juvenile stage (3a) is caused
by the young stage of the rubber plantation update
period, the fact that the previous generation of
falling objects is not completely decomposed, and
large quantities of fertilizer and soil microbial
activity strongly contribute to the higher SOC
content. However, the broken branches and roots of
the predecessor generation rubber plantation of the
segmentation rubber (10a) have been completely
decomposed and mineralized. There is not much
1436
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FIGURE 7
Rubber trees planted on soil carbon and nitrogen and stoichiometric ratio of the rainforests influence
(F-SOC, F-STN, F-C/N, RP-SOC, RP-STN, RP-C/N, Where F is the virgin forest, RP on behalf of the
rubber plantation )
rubber plantations. This result illustrates that the
soil carbon storage of the rubber plantation is low
and N was lost in the soil of rubber plantations. The
significant decrease of C and N with the stand age
indicates the notable migration and transformation
in the rubber plantation of XSBN.
(2) The SOC and STN contents decreased with
the soil depth and the stand age of the rubber
plantation. There are significant abrupt changes of
SOC and STN at 20 cm and 30 cm, respectively,
and the variation of C/N is similar to that of SOC.
(3) The forest type, stand age, or soil texture
significantly affects SOC, STN, and C/N. Moreover,
SOC and STN concentration and the C/N ratio
correlate well, and the change of C/N is mainly due
to the impact of STN. Finally, the carbon of the
rubber plantation ecosystem gradually decreased
and was released with increasing stand age of the
rubber.

of the forest and rubber plantation soil C/N average
values are close to the Chinese soil C/N average,
but lower than that of the global soil C/N ratio
average value (13.33:1) and the red and yellow soil
average (20:1) of the tropical and subtropical zone
[21]. This result may be due to the fact that there is
a lack of research in this area. The soil profiles up
to 70 cm show average soil C/N values because the
SOC and STN contents and the C/N decreased upon
the increase in the soil depth, whether it was
measured in a forest or a rubber plantation. This
result shows that the primeval forest transforms into
rubber plantations, the soil C/N increases, the rate
of soil nitrogen mineralization decreases, and the
soil on plant communities provide nutrients for the
reduction. If not timely, based on the demand for
nitrogen and due to the lack of soil nitrogen content,
this leads to the limited role of rubber hevea, which
also may cause the uptake of other nutrient
elements (e.g., P, K, Ca, Mg, S and Fe) and
utilization efficiency. However, this hypothesis
needs further research and argumentation.
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CONCLUSION
The relationship between the C and N contents
and the stand age and the factors influencing the C
and N variation in soil have been discussed based
on the study of SOC, STN, and C/N in rainforest
and rubber plantation soil at different stand ages
(10a, 22a and 30a). The conclusions of this study
can be summarized as follows:
(1) The SOC and STN contents and the C/N
ratio of virgin forest soil are higher than those of
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commonly occurs throughout Asia, Europe, and
northern Africa [3]. The oregano (Origanum vulgare
L.) family, is widely known as possessing
therapeutic properties (diaphoretic, carminative,
antispasmodic, antiseptic, tonic), being used in the
traditional medicine systems of many countries. It
has been widely used in the agricultural,
pharmaceutical and cosmetic industries as a culinary
herb, flavoring substances in food products,
alcoholic beverages and in perfumery for its spicy
fragrance [4]. Although this plant has been subject to
several investigations [5-16].
Or research group was interested to analyze the
chemical profile of different medicinal plants, which
are growing wild in the region of Kosovo and
Albania [17-23]. The aim of this research was to
determine the quantity of phenols, flavonoids and
antioxidant activity of the different extracts from
Origanum vulgare (L.) growing wild in Istog
(North-Western part of Kosovo).

ABSTRACT
Total phenolic and flavonoid content were
quantitatively determined to the Origanum vulgare
(L.) growing wild in Istog (North-Western part of
Kosovo) in two different altitude levels (1000 m and
1500 m). The amount of total phenolics in Origanum
vulgare (L.) extracts ranged from 4.56 mg GAE/g
d.e. in altitude 1500 m to 15.01 mg GAE/g d.e. in
altitude 1000 m. The amount of total flavonoids in
Origanum vulgare (L.) extracts ranged from 9.22 ȝg
RE/g d.e. in altitude 1000 m to 28.09 mg GAE/g d.e.
in altitude 1000 m. The antioxidant properties of five
different extracts (Et2O, CHCl3, EtOAc, n-BuOH
and H2O) of Origanum vulgare (L.) were studied.
Free radical scavenging capacity (RSC) was
evaluated by measuring the scavenging capacity of
extracts on DPPH, NO as well as on hydrogen
peroxide (H2O2). EtOAc, n-BuOH and H2O extracts
of Origanum vulgare (L.) expressed very strong
scavenger activity. On the other hand, Et2O and
CHCl3 extracts showed much weaker effect in the
neutralization of DPPH, NO and H2O2. The observed
differences in antioxidant activity could be partially
explained by the levels of phenolics and flavonoids
in extracts of Origanum vulgare (L.).

MATERIALS AND METHODS
Plant materials. The aerial part of Origanum
vulgare (L.), growing in Istog (North-Western part
of Kosovo), was collected in May of 2015. Voucher
specimens were deposited in the herbarium of the
Department of Veterinary, University of Prishtina.
The plants were dried at room temperature.

KEYWORDS:
Origanum vulgare (L.), phenols, flavonoids, antioxidant
activity.

Preparation of plant organic extracts. A
portion of thefinely powdered material (200 g) was
extracted three times with 70% methanol (methanol,
4 L) during a 24-h period. After removal of methanol
under reduced pressure, the aqueous phase was
successively extracted with four solvents of
increasing polarity, namely diethyl ether,
chloroform, ethyl acetate and n-butanol. The
extraction was carried out until a colorless extract
was obtained. The residue was the aqueous extract.
All five extracts (ethyl acetate, diethyl ether, water,
n- butanol and chloroform) were evaporated to
dryness and then dissolved in 50% ethanol to make
10% (w/v) solutions. These solutions, either as such

INTRODUCTION
The propitious geographic position of Kosovo,
along with her heterogeneous relief with many
productive river valleys, plane lowlands, mountain
slopes, as well as the diversity of soil types, are
responsible for the heterogeneousness of the Kosovo
medicinal plants [1]. In the last years, interest in
medicinal plants is more and more increasing,
particularly using them as antibacterial agents. The
reason for that is the growth of antibiotic resistance
of bacteria against synthetic drugs [3].
Oregano (Origanum vulgare) is an aromatic
herb belonging to the Lamiaceae family, and
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using the Griess reagent [29, 30]. At room
temperature nitrite ions react with the Griess reagent
and form a purple complex. The samples of
Origanum vulgare extracts were investigated in
concentrations of 2.50±ȝJP/ 7KH intensity
of color, which is the function of the nitrite
concentrations,
was
measured
VSHFWURSKRWRPHWULFDOO\ Ȝ   QP  7KH
absorbance of the resulting solutions and the blank
(withthe same chemicals, except for the sample)
were recorded. For each sample, five replicateswere
recorded.
Scavenging activity on H2O2 was carried out
according to the method of Ruch et al. [31]. A
solution of H2O2 (40 mmol/L) was freshly prepared
in 0.05 mol/L KH2PO4±K2HPO4 phosphate buffer
S+ 7KHVDPSOHV IURPWRȝJP/ 
were mixed with phosphate buffer (3.4 mL) and 40
mmol/L H2O2 (0.6 mL). The absorbance of the
resulting solutions and the blank (4.0 mL phosphate
buffer) was detected spectrophotometrically at 230
nm. The percentage of RSC for each radical and
H2O2 was calculated using the following equation:
RSC (%) = 100 × (AEODQNíAVDPSOH»Ablank)
From the obtained RSC values, the IC50 values,
which represented the concentrations of the
examined extracts that caused 50% neutralization,
were determined by linear regression analysis.

or in diluted state, were used in subsequent
experiments.
Determination of total phenolic and
flavonoid content. The amount of total phenolic
contents in the extracts was determined
spectrophotometrically with the Folin Ciocalteu
(FC) reagent using the method of Fukumoto and
Mazza [24] with small modifications [25]. The
reaction mixture contained 1.0% dilution of
H[DPLQHG H[WUDFWV  ȝ/  IUHVKO\ SUHSDUHG 
mol/L FC reagent (2.5 mL) and 10% sodium
carbonate solution (2 mL). The mixture was
incubated in the dark at room temperature for 1 hour
to complete the reaction. The absorbance ofthe
resulting solution was measured at 760 nm on a
UV/VIS spectrophotometer using distilled water as
the blank. The concentration of total phenolic
contents was expressed in mg gallic acid equivalents
(GAE) per g dried extract (d.e.), using a standard
curve of gallic acid (0.1- ȝJP/  $OO
measurements were replicated five times.
Total flavonoid content in the extracts was
determined spectrophotometrically according to
Zhishen et al. [26], using a method based on the
formation of a flavonoid-aluminium complex with
an absorbance maximum at 430 nm. The examined
extracts (1mL) were mixed with 2%AlCl3 × 6H2O
(0.5 mL). After incubation at room temperature for
30 min, the absorbance of thereaction mixtures was
measured. The blank sample was a 1:1 mixture of the
examined extracts and distilled water. Flavonoid
FRQWHQW ZDV H[SUHVVHG LQ ȝJ rutin equivalent (RE)
per g dried extract by using a standard curve of rutin
(concentration range 0.5±6.0 ȝJP/  $OO
measurements werereplicated five times.

RESULTS AND DISCUSSION
Results of the amount of total phenolic contents
and content of total flavonoids in Origano vulgare
(L.) extracts are given in Table 1.
The amount of total phenolics in Origanum
vulgare (L.) extracts ranged from 4.56 mg GAE/g
d.e. (chloroform extract to 1500 m altitude) to 15.01
mg GAE/g d.e. (ethyl acetate extract to 1000 m
altitude). A significant amount of these compounds
has also been observed in the H2O extracts 10.11 mg
GAE/g d.e. in altitude 1000 m and 11.90 mg GAE/g
d.e. in altitude 1500 m (Table 1). Furthermore,
considerable total flavonoids content was
determined in the water and ethyl acetate extracts of
Origanum vulgare (L.). Little less total flavonoids
was determined in the n-butanol extracts, while the
smallest quantity of these compounds was found in
the diethyl ether and chloroform extracts. The
amount of phenols and flavonoids of Origanum
vulgare (L.) growing wild in Kosovo is same with
the amount phenols and flavonoids of Origanum
vulgare (L.) growing wild in Serbia [11]. The
amount of total phenolic contents and content of total
flavonoids in Origanum vulgare (L.) extracts were
given in Figure 1.

Antioxidant activity- DPPH assay. The
DPPH assay was performed as described previously
[27, 28], following the transformation of the DPPH
radical to its reduced, neutral form (DPPH-H). The
samples of all extracts of Origanum vulgare (from
 WR  ȝJP/  ZHUH PL[HG ZLWK  ȝ0
'33+ VROXWLRQ  P/  DQG PDGH XS ZLWK 
methanol to a final volume of 4 mL. The absorbance
of the resulting solutions was recorded
spectrophotometrically at 515 nm after 1 h at room
temperature, against the blank (with the same
chemicals, except for the sample). The same
procedure
was
repeated
with
tertbutylhydroxytoluene (BHT) and tert-butyl-4hydroxyanisole (BHA) as a positive control. For
each sample five replicates were recorded.
Production of NO radicals was determined
spectrophotometrically. NO radical generated from
sodium-nitropruside (SNP) reacts with oxygen in
water solution at a physiological pH to give nitrite
ions. Concentration of nitrite anions was determined
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TABLE 1
The amount of total phenolic contents and content of total flavonoids in Origanum vulgare (L.) extracts
Altitude (m)
Et2O
CHCl3
EtOAc
n-BuOH
H2O
1000
Total phenolic content
4.78
4.72
15.01
8.88
10.11
1500
Total phenolic content
4.97
4.56
10.36
7.53
11.90
1000
Total flavonoids content
9.22
12.89
28.09
16.56
25.40
1500
Total flavonoids content
12.99
13.20
24.11
20.06
25.98
Total phenolic content is expressed in mg GAE/g d.e.; Content of total flavonoids is expressed in ȝg RE/g d.e.

FIGURE 1
The amount of total phenolic contents and content of total flavonoids in Origanum vulgare (L.) extracts
TABLE 2
IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI'33+UDGLFDOZLWKOriganum vulgare (L.) extracts
Altitude (m)
1000
1500

Et2O
23.82
25.16

CHCl3
19.76
21.31

EtOAc
13.54
12.77

n-BuOH
12.71
16.98

H2O
11.14
8.10

BHT
13.31
13.31

BHA
11.53
11.53

FIGURE 2
The IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI'33+UDGLFDOZLWKOriganum vulgare (L.) extracts
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effect than BHT, but neither of the extracts showed
better antioxidant properties than BHA.
Comparing with the DPPH test results of total
flavonoids content in the extracts (Table 2), it could
be concluded that only in case of the ethyl acetate
and water extracts of Origanum vulgare (L.) there is
some correlation between the DPPH scavenger
activity and content of flavonoids. The IC50 values
ȝJP/ RIWKHQHXWUDOL]DWLRQRI'33+UDGLFDOZLWK
Origanum vulgare (L.) extracts were given in Figure
2.
An extremely strong neutralization of NO
radicals is expressed by a number of the tested
extracts of Origanum vulgare (L.), such as water
(IC50   ȝJP/ LQ DOWLWXGH  P  DQG HWK\O
acetate (IC50= 7.86 ȝJP/LQDOWLWXGHP 7DEOH
3). Both extracts exhibited stronger antioxidant
effects than BHT, and the effect of the water extract
ZDVFORVHO\WRWKHDFWLRQRI%+$ ȝJP/ 7KH
lowest antioxidant activity was expressed by the
diethyl ether (IC50= 25.12 ȝJP/LQDOWLWXGHP 
and chloroform (IC50= 27.35 ȝJP/in altitude 1000
m). The IC50 values (ȝJP/ RIWKHQHXWUDOL]DWLRQRI
NO radical with Origanum vulgare (L.) extracts is
given in Figure 3.
H2O2 can cross membranes and may slowly
oxidize a number of cell compounds. Thus, the
elimination of H2O2, as well as the OH radical is very
important for protection of pharmaceutical and food
systems [31]. The neutralization of H2O2 by the
examined
extracts
was
measured
spectrophotometrically (Table 4).

The antioxidant activity of Origanum vulgare
(L.) extracts has been evaluated in a series of in vitro
tests. The DPPH radical is one of the most
commonly used substrates for fast evaluation of
antioxidant activity because of its stability (in radical
form) and the simplicity of the assay. In the DPPH
assay, the ability of the investigated extracts to act as
donors of hydrogen atoms or electrons in
transformation of DPPH into its reduced form
DPPH-H was investigated (Table 2).
All of the assessed extracts of Origanum
vulgare (L.) were able to reduce the stable, purplecolored radical DPPH to the yellow-colored DPPHH form with IC50 (50% of reduction) values as
IROORZVȝJP/LQDOWLWXGHPDQGLQ
DOWLWXGH PIRU ZDWHUȝJP/LQDOWLWXGH
 P DQG  ȝJP/ LQ DOWLWXGH  P  IRU
HWK\O DFHWDWH  ȝJP/ LQ DOWLWXGH  P DQG
ȝJP/IRUn-butanol, ȝJP/LQDOWLWXGH
 P DQG  ȝJP/ LQ DOWLWXGH  P  IRU
FKORURIRUPDQGȝJP/LQDOWLWXGHPDQG
 ȝJP/ LQ DOWLWXGH  P IRU GLHWK\O HWKHU
extract. Comparison of the DPPH scavenging
activity of the investigated Origanum vulgare (L.)
H[WUDFWVZLWKWKRVHH[SUHVVHGE\%+7 ȝJP/ 
showed that only the water and ethyl acetate extracts
expressed stronger antioxidant effects. Comparison
of DPPH activity of Origanum vulgare (L.) extracts
with the activity exhibited by BHA (11.ȝJP/ 
found that only the water extract showed stronger
antioxidant activity. Examination of extracts of
Origanum vulgare (L.) indicates that only the water
and n-buthanol extracts showed stronger antioxidant

TABLE 3
IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI12UDGLFDOZLWKOriganum vulgare (L.) extracts
Altitude (m)
1000
1500

Et2O
25.12
21.17

CHCl3
27.35
25.56

EtOAc
9.42
7.86

n-BuOH
15.16
11.45

H2O
7.87
6.78

BHT
8.59
8.59

BHA
6.11
6.11

FIGURE 3
The IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI12UDGLFDOZLWKOriganum vulgare (L.) extracts
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TABLE 4
IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI+ 2O2 radical with Origanum vulgare (L.) extracts
Altitude (m)
1000
1500

Et2O
67.97
68.52

CHCl3
62.11
64.43

EtOAc
40.12
24.10

n-BuOH
56.17
40.01

H2O
27.13
17.90

BHT
18.73
18.73

BHA
17.99
17.99

FIGURE 4
IC50 YDOXHV ȝJP/ RIWKHQHXWUDOL]DWLRQRI+ 2O2 radical with Origanum vulgare (L.) extracts

was found in the water extract (11.90 mg GAE/ g de
1500 m and 10.11 mg GAE/ g de 1000 m). Also,
great amount of flavonoids was found in aqueous
extract and ethyl acetate. Small amounts of
flavonoids was found in the n-butanol extract until
very small amount we found in the chloroform and
diethyl ether extracts.
Simultaneously we have investigated the
antioxidant activity of five different extracts (diethyl
ether, chloroform, ethyl acetate, n-butanol and
water) from the plant Origanum vulgare (L.)
growing in two different heights above sea level
(1000 m and 1500 m). Neutralization of free radicals
(RSC) is estimated by making measurement of
neutralizing capacity of various extracts on DPPH,
NO and H2O2. In general, ethyl acetate, n-butanol
and water extracts have a strong antioxidant activity.
In most tests (DPPH reduction, NO radicals and
neutralizing H2O2), H2O extract of Origanum
vulgare (L.) growing wild at 1500 m of altitude
expresses stronger antioxidant activity. Results
obtained from water extracts of Origanum vulgare
(L.) is very logical, since we found that this extract
contains the largest amount of total phenolic and
flavonoid content.

Based on the results of the spectrophotometric
measurement of Origanum vulgare (L.) the H2O2, in
reference to reducing its concentration in solution,
we can see that all the examined extracts showed the
ability to remove H2O2. Extremely high RSC, as well
as in the case of neutralization of DPPH and NO
radicals, was found in the water extract (IC50= 17.90
ȝJP/LQDOWLWXGHP ,IZHFRPSDUHWKHYDOXHV
we can see that all extracts showed smaller
antiradical activity. A small antioxidant activity
show diethyl ether extract (IC50   ȝJP/ LQ
altitude 1500 m). The IC50 YDOXHV ȝJ/mL) of the
neutralization of H2O2 radical with Origanum
vulgare (L.) extracts is given in Figure 4.
Antioxidant activity of the extracts Origanum
vulgare (L.) growing wild in Kosovo is almost the
same with antioxidant activity of Origanum vulgare
(L.) growing wild in Serbia [11].

CONCLUSIONS
The aim of this research was to determine of
phenols, flavonoids and antioxidant activity of the
different extracts from Origanum vulgare (L.)
growing wild in Istog (North-Western part of
Kosovo). To conduct this type of research, we took
two samples of the plant Origanum vulgare (L.) at
different altitudes 1000 m and 1500 m. The amount
of total phenols in organic and aqueous extracts of
Origanum vulgare (L.) was in the region of 4.56 mg
GAE/ g de (chloroform extract to 1500 m altitude) to
15.01 mg GAE/ g de (extract of ethyl acetate at 1000
m altitude). Also, great amount of these compounds

REFERENCES
[1] Mehmeti, A., Sherifi, E. and Demaj, A. (2007)
Medical Herbs, First edition, European Agency
for Reconstruction, Pristine, Kosovo.
[2] Nychas, G.J.E., Tassou, C.C. and Skandamis, P.
(2003) Antimicrobials from herbs and spices in

1444

© by PSP

Volume 26 ± No. 2a/2017, pages 1440-1446

Fresenius Environmental Bulletin

oregano and sage essential oils. Food
Chemistry, 106, 1188-1194.
[15] Aydin, E. and Turkez, H. (2011) Antioxidant
and genotoxicity screening of aqueous extracts
of four lichens collected from North East
Anatolia. Fresen. Environ. Bull., 20, 2085±
2091.
[16] Topuz, E. Erler, F. (2007) Bioefficacy of some
essential oils against the carmine spider
mite, Tetranychus
cinnabarinus. Fresen.
Environ. Bull., 16B, 1498±1502.
[17] Faiku, F. and Haziri, A. (2013) Total Lipids,
Proteins, Minerals and Essential Oils of
Taraxacum officinale (L.) Growing Wild in
Kosovo.
International
Journal
of
Pharmaceutical and Phytopharmacological
Research, 3, 254-257.
[18] Faiku, F., Haziri, A., Gashi, F., Troni, N. and
Faiku, H. (2015) Total lipids, proteins, minerals
and essential oils of Pinus nigra Arnold and
Pinus sylvestris growing wild in Kosovo.
European Chemical Bulletin, 4, 331-334
[19] Faiku, F., Haziri, A., Domozeti, B. and
Mehmeti, A. (2012) Total lipids, proteins,
minerals and essential oils of Tussilago farfara
(L.) from south part of Kosova. European
Journal of Experimental Biology, 2, 1273-1277.
[20] Faiku, F. and Haziri, A. (2015) Total lipid,
proteins, minerals, essential oils and antioxidant
activity of organic extracts of Mentha longifolia
(L.) growing wild in Kosovo. European
Chemical Bulletin, 4, 432-435.
[21] Haziri, A., Aliaga, N., Ismaili, M., Govori, S.,
Leci, O., Faiku, F., Arapi, V. and Haziri, I.
(2010) Secondary Metabolites in Essential of
Achillea millefolium (L.) Growing Wild in East
Part of Kosovo. American Journal of
Biochemistry and Biotechnology, 6, 32-34.
[22] Haziri, A., Faiku, F., Mehmeti, A., Govori, S.,
Abazi, S., Daci, M., Haziri, I., Bytyqi-Damoni,
A. and Mele, A. (2013) Antimicrobial properties
of the essential oil of Juniperus Communis (L.)
growing wild in east part of Kosovo. American
Journal of Pharmacology and Toxicology, 8,
128-133.
[23] Haziri, A., Govori, S., Ismaili, M., Faiku, F. and
Haziri, I. (2009) Essential oil of Tanacetum
parthenium (L.) from east part of Kosova.
American Journal of Biochemistry and
Biotechnology, 5, 226-228.
[24] Fukumoto, L. and Mazza, G. (2000) Assessing
antioxidant and prooxidant activities of phenolic
compounds. Journal of Agricultural and Food
Chemistry, 48, 3597-3604.
[25] Bozin, B., Mimica-Dukic, N., Samojlik, I.,
Anackov, G. and Igic, R. (2008) Phenolic as
antioxidants in garlic (Allium sativum L.,
Alliacea). Food Chemistry, 111, 925-929.
[26] Zhishen, J., Mencheng, T. and Jianming, W.
(1999) The determination of flavonoids content

Natural Antimicrobials for the Minimal
Processing of Foods, S. M. Roller, Ed., CRC
Press, and Wood head Publishers, New York,
NY, USA.
[3] Gruenwald, J., Brendler, T. and Jaenicke, C.
(2000) PDR for Herbal Medicines, Medical
Economics Company, Inc. Montvale NY.
[4] Souza, E.L., Stamford, T.M., Lima, E.O. and
Trajano, V.N., (2007) Effectiveness of
Origanum vulgare L. essential oil to inhibit the
growth of food spoiling yeasts. Food Control,
18, 409-413.
[5] Teixeira, B., Marques, A., Ramos, C., Serrano,
C., Matos, O., Neng, N.R., Nogueira, J.M.F.,
Saraiva, J.A. and Nunes, M.L. (2013) Chemical
composition and bioactivity of different oregano
(Origanum vulgare) extracts and essential oil.
Journal of the Science of Food and Agriculture,
93, 707±2714.
[6] Del Re, P.V. and Jorge, N. (2011) Antioxidant
potential of oregano (Oreganum vulgare L.),
basil (Ocimum basilicum L.) and thyme
(Thymus vulgaris L.): application of oleoresins
in vegetable oil. Ciencia e Tecnologia de
Alimentos, 31, 955-959.
[7] RadusLHQơ - ,YDQDXVNDV / -DQXlis, V. and
Jakstas, M. (2008) Composition and variability
of phenolic compounds in Origanum vulgare
from Lithuania. Biologija, 54, 45±49.
[8] Motamed, S. and Naghibi, F. (2010) Antioxidant
activity of some edible plants of the Turkmen
Sahra region in northern Iran. Food Chemistry,
119, 163-1642.
[9] Santos, R.D., Shetty, K., Cechini, A.L. and
Miglioranza, L.S. (2012) Phenolic compounds
and total antioxidant activity determination in
rosemary and oregano extracts and its use in
cheese spread. Ciências Agrarias, 33, 655-666.
[10] Katalinic, V., Milos, M., Kulisic, T. and Jukic,
M. (2006) Screening of 70 medicinal plant
extracts for antioxidant capacity and total
phenols. Food Chemistry, 94, 550-556.
[11] Kaurinovic, B., Popovic, M., Vlaisavljevic, S.
and Trivic, S. (2011) Antioxidant Capacity of
Ocimum basilicum L. and Origanum vulgare L.
Extracts. Molecules, 16, 401-7414.
[12] Wojdylo, A., Oszmianski, J. and Czemerys, R.
(2007) Antioxidant activity and phenolic
compounds in 32 selected herbs. Food
Chemistry, 105, 940-949.
[13] Hernandez-Hernandez, E., Ponce-Alquicira, E.,
Jaramillo-Flores, M.E. and Legarreta, G.I.
(2009)
Antioxidant
effect
rosemary
(Rosmarinus officinalis L.) and oregano
(Origanum vulgare L.) extracts on TBARS and
colour of model raw pork batters. Meat Science,
81, 410-417.
[14] Fasseas, M.K., Mountzouris, K.C., Tarantilis,
P.A., Polissiou, M. and Zervas, G. (2008)
Antioxidant activity in meat treated with

1445

© by PSP

Volume 26 ± No. 2a/2017, pages 1440-1446

in mulberry and their scavenging effects on
superoxide radicals. Food Chemistry, 64, 555559.
[27] Blois, M.S. (1958) Antioxidant determinations
by the use of a stable free radical. Nature, 18,
1199-1200.
[28] Sanchez-Moreno, C., Larrauri, A. and SauraCalixto, F.A. (1998) Procedure to measure their
anti-radical efficiency of polyphenols. Journal
of the Science of Food and Agriculture, 76, 270276.
[29] Green, L.C., Wagner, D.A., Glogowski, J.,
Skipper, I., Wishnok, S. and Tannenbaum, R.
(1982) Analysis of nitrat, nitrit and [15N] nitrit
in biological fluids. Analytical Biochemistry,
126, 131-138.
[30] Babu, B.H., Shylesh, B.S. and Padikkala, J.
(2001) Antioxidant and hepatoprotective effect
of Acanthus ilicifolius. Fitoterapia, 72, 272-277.
[31] Ruch, R.J., Cheng, S.J. and Klaunig, J.E. (1989)
Prevention of citotoxicity and inhibition of
intracellular communication by antioxidant
catechism isolated from Chinese green tea.
Carcinogenesis, 10, 1003-1008.

Received:
Accepted:

13.05.2016
01.01.2017

CORRESPONDING AUTHOR
Arben Haziri
8QLYHUVLW\RI3ULVKWLQD³+DVDQ3ULVKWLQD´
Faculty of Natural Science and Mathematics
Department of Chemistry
10000, George Bush Street, p.n. ± KOSOVO
E-mail: arbeni77chem@hotmail.com

1446

Fresenius Environmental Bulletin

Volume 26 ± No. 2a/2017, pages 1447-1452

© by PSP

Fresenius Environmental Bulletin

BIO-SYNTHESIS OF ANTIFUNGAL ACTIVE SILVER
NANOPARTICLES USING SORGHUM GRAIN
CONTAMINANT Phoma leveillei
Mohamed A Yassin 1,2,* , Abd El-Rahim M A El-Samawaty1,2, Omar H Abdelkader3,4, Abdallah M
Elgorban1,2, Shaban R M Sayed3,5
1

Botany and Microbiology Department, Faculty of Science, King Saud University, Riyadh, Saudi Arabia
2
Agricultural Research Center, Plant Pathology Research Institute, Giza, Egypt
3
Electron Microscope Unit, Zoology Department, College of Science, King Saud University
4
Electron Microscope & Thin Films Department, Physics Division, National Research Center, Dokki, Cairo, Egypt
5
Department Botany and microbiology, College of Science, Minia University, El-Minia, Egypt

Penicillium, Phoma, Trichoderma and others have
been reported to use in the nanoparticle synthesis [710]. Utilization of phytopathogenic fungi in the
production of anti-microbial active nanomaterials is
an almost new and promising research field [11].
Moreover, the isolation of nanoparticle mycosynthesizers along with the phytopathogenic fungi
from the same host could be possible. However, the
utilization of this phenomenon could be enhanced by
the eradication of plant pathogenic microorganisms
[9].
In the current work, utilization of the sorghum
grain contaminant; P. leveillei in the bio-synthesis of
Ag NPs, was undertaken. The antifungal activity of
bio-nanoparticles was also checked against the
myco-toxigenic seed borne fungus P. gresiofulvum.

ABSTRACT
Sorghum grain contaminant, Phoma leveillei
was evaluated in the present study for silver
nanoparticles (Ag NPs) biosynthesis. X ray
diffraction (XRD), Energy Dispersive Spectroscopy
(EDS), Transmission Electron Microscopy (TEM),
and Optical absorption measurements, were all used
to characterize and confirm the bio-synthesis of Ag
NPs. Bio-synthesized Ag NPs was in vitro tested
against myco-toxigenic Penicillium gresiofulvum.
The bio-fabrication of well characterized Ag NPs
was proved in this study. Growth of P. gresiofulvum
was successfully suppressed following the bio-Ag
NPs treatments. It could be concluded that mycosynthesizer of Ag NPs could be found along with the
plant pathogenic fungi in the same situ. Utilization
of such finding is required to find out an alternative
control method for phytopathogenic and/or mycotoxigenic fungi.

MATERIALS AND METHODS
Mycological biomass: Sorghum grain mycocontaminant; P. leveillei was used in this study. The
broth medium composed from (g/L): KH2PO4 7.0g,
K2HPO4 2.0g, MgSO4 .7H2O 0.1g, (NH4)2SO4 1.0g,
yeast extract 1.0g and glucose 15.0g, was prepared
in 250-ml Erlenmeyer flasks each containing 100 ml.
An autoclaved broth was inoculated with fungal
isolate and incubated at 28±2ºC in 180 rpm shaking
for 5 days. Fungal biomass was then separated using
Whatman filter paper No.1 and extensively washed
with deionized water. Obtained biomass was then
transferred to 250 Erlenmeyer flask containing only
100 ml of deionized water and further incubated for
72 hours in an orbital shaker at 140 rpm. The
biomass was then filtered again with Whatman filter
paper No. 2 and the cell-free filtrate was further used
in the Ag NPs bio-synthesis [12].

KEYWORDS:
Penicillium gresiofulvum, Seed borne, Nanotechnology,
Antifungal.

INTRODUCTION
Myco-nanotechnology is an eco-friendly way
for nanoparticles fabrication by fungi. This approach
provides one of the perfect biological sources of
metal nanoparticles instead of physical and chemical
ways [1,2]. These nanoparticles could be broadly
used in a number of life sciences and developments.
However, bio-synthesized Ag NPs are recently used
in the industrial manufacturing, human health as
well as in agricultural production [3,4].
Mycological synthesis of Ag NPs is easy and
cost-effective compared with the traditional methods
[5,6]. In this respect, many fungal genera have
extensively used as clear sources for the Ag NPs biosynthesis. Alternaria, Aspergillus, Fusarium,

Ag NPs Bio-synthesis: The collected cell-free
filtrate was mixed (1:1) with 1.0 mM silver nitrate
solution and the reaction mixture was incubated in
the rotary shaker (200 rpm) at 28°C in dark. Cell-free
filtrate (without silver nitrate) and silver nitrate
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length range of such measurements was 300 ±900
nm, and the incident photon flux was normal to the
surface.

solution (without cell-free filtrate) were used as
negative and positive controls. Triplicated
treatments were incubated in an orbital shaker (180
rpm) at 28±2ºC in the dark, until the colour change
into yellowish was observed [12]. Reactive solution
was then centrifuged (UNIVERSAL 320 / 320 Rat)
at 9,000 rpm for 14 min to separate the supernatant
from the pelleted layer.

Ag NPs antifungal assay: Antifungal effects
of Ag NPs; synthesized by P. leveillei was in vitro
tested against P. gresiofulvum. Seed borne isolate of
P. gresiofulvum used in this assay was
mycotoxigenic, and mainly isolated from sorghum
grains [14]. Concentrations of 50, 100, 150 and 200
ppm were prepared from bio-Ag NPs in PDA just
before pouring into sterilized Petri plates (90-mm).
Ag NPs supplemented PDA plates were centrally
inoculated with 4 mm plugs of P. gresiofulvum.
Three replicate plates were considered per treatment
and untreated control plates were considered. All
plates were incubated at 28±2°C, daily observed to
record the colony diameter, and % growth inhibition
was then calculated compared with the control.

Ag NPs characterization: Two layers were
separated from the reactive solution by
centrifugation. The lower pellet was dried at 60 ºC
for 24 h in the oven prior to use in the X-ray
diffraction (XRD), and energy dispersive
spectroscopy (EDS). The Ag NPs were dispersed in
1 ml double distilled water and sonicated for 1 h
using 740 and 740X Ultrasounds Sonicator prior to
transmission electron microscope (TEM) and optical
absorption measurement. The XRD was initially
used to analyze the metallic nature of Ag NPs [13].
An X Pert Pro diffractometer used Cu-KĮ radiation
at 40 KV and 40 mA was used. However, the scans
were typically performed over a 2 ș range of 10º to
85º at a speed of 0.02/s, with an aperture slit, an antiscatter slit, and a receiving slit of 2 mm, 6 mm, and
0.2 mm, respectively. X-rays Cu-KĮ wavelength
was (1.54056 Å).
The compositional analysis and quantification
of Ag NPs were done using the EDS combined with
SEM. Ag NPs surface morphology was examined by
using scanning electron microscope SEM (JEOL
model JSM± 6380). The transmission electron
microscopy TEM (JEOL1010) was then used to
emphasize the formation of Ag NPs.
UV-Vis;
Shimadzu
3101
PC
spectrophotometer was also used to measure the
optical absorption of the Ag NPs solution. The wave-

RESULTS AND DISCUSSION
Biosynthesis and characterization of Ag
NPs: Myco-synthesis of Ag NPs was visually
monitored, and easily observed after 2 days of
incubation. The solution color was gradually
changed into yellowish due to the reaction of silver
nitrate with the culture supernatant. Changes in the
color of the treated solution instead of the control is
the first indicator in the Ag NPs biosynthesis [15].
This result could be attributed to the reduction of
silver ions into Ag NPs by the extracellular fungal
enzymes such as nitrate reductase; that known to
regulate the Ag NPs biosynthesis [12,16].

FIGURE 1
XRD micrograph of myco-synthesized Ag NPs.
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However, Ag NPs were negative surface charged,
good stability and conductivity [15].

XRD Analysis: The X-ray diffraction analysis
provides an information about the crystalline nature
of bio-synthesized Ag NPs (Figure 1). The clearly
pure polycrystalline nature of Ag NPs was proved.
All reflections correspond to pure silver metal with
face centered-cubic symmetry. This finding is in
agreement with the crystalline and metallic nature
with face centered-cubic structures of Ag NPs
determined by Gad et al. [8] and Nanda et al. [17].
The following equations were used to calculate an
DYHUDJH JUDLQVL]H ' GLVORFDWLRQGHQVLW\ į DQG
VWUDLQ İ IRUELRV\QWKHVL]HG$J13V

EDS analysis: Figure (2) illustrates the EDS
measurements suggesting the formation of pure Ag
NPs. The present mass of all samples is near 20 %.
A strong silver signal was shown in the EDS profile,
and due to the carbon tape utilized for the analysis
weak carbon peak is also observed. It was suggested
that Ag is the major element since the strongly
intense signal was observed at 3 K eV. This finding
could be attributed to the electron collective
excitation (surface plasmon resonance) that resulted
in electron density changes at the surface [8,18].
TEM analysis: Transmission electron
microscope (TEM) analysis of the biosynthesized
Ag NPs is illustrated in Figure (3). The Ag NPs
shape was varied, but mostly spherical with 3 to 13
nm size, and good Gaussian variation was also
obtained. These results are in agreement with TEM
data of biosynthesized Ag NPs in that varying sizes
and about 5 to 70 nm [11,19].

:KHUH ȕ LV WKH IXOO ±width at half ±maximum of
SHDNVDQGȜLVWKH;-ray wavelength.
An average grain size (D), dislocation density
į DQGVWUDLQ İ IRUELR-synthesized Ag NPs were
46.4 nm, 4.64 x 10 -4 nm-2 and 7.3 x 10 -3 respectively.

FIGURE 2
EDS spectrogram of myco-synthesized Ag NPs.

FIGURE 3
TEM micrograph and particle-size distribution of myco-synthesized Ag NPs.
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FIGURE 4
Optical absorption of myco-synthesized Ag NPs.
TABLE 1
Efficacy % of biosynthesized Ag NPs against P. gresiofulvum.
ED50
ED95
50ppm
100ppm
150ppm
200ppm
20.59
38.82
55.59
67.06
128.0
775.1
ED50= Median effective dose
ED95 = The dose required foe desired effect in 95% of the population exposed to it.
SE = The standard error

Slope ±SE
2.10± 7.1

(Table 1) was generally increased with the
concentration increase. The 150-200 ppm
concentration of Ag NPs showed the highest
inhibitory effect on the fungal growth. Calculated
doses to eradicate 50% and 95% of the fungal
population (ED50 and ED95) were 128.0 ppm and
775.1 ppm respectively.
Antifungal activity of Ag NPs and the mode of
action had frequently been reported [22]. However,
the antimicrobial effect might be attributed to cell
destruction. The alteration of cell wall, membrane
permeability and cytoplasm might be occurred.
DNA duplication ability, synthesis of enzymes and
cellular proteins, as well as ATPs reported to be
altered following Ag+ treatment [23-25]. Efficacy of
biosynthesized Ag NPs in the present study is in
consistent with several reported findings that
discussed the significant effect of Ag NPs on
phytopathogenic fungi [26-29]. Regarding the effect
of biosynthesized Ag NPs on the myco-toxigenic
fungi little is known [30,31].
Bio-synthesized Ag NPs in the present study
exhibited a significant impact on the growth of
myco-toxigenic isolate of P. gresiofulvum. Both of
the Ag NPs myco-synthesizers and the plant
pathogenic fungus were isolated from sorghum
grains. This finding could be important for the
researcher in the plant disease control field.

UV-Visible Spectroscopy: Biosynthesized Ag
NPs was analyzed using UV-Visible NIR
Spectroscopy (Figure 4). The highly absorbent of
reactive solution was at 420 nm implying the
formation of Ag NPs. This result also confirmed the
finding of Gade et al. [8] and Birla et al. [20] how
stated that biosynthesized Ag NPs by Phoma
glomerata showed absorbance peak around 420 440 nm suggesting the formation of Ag NPs.
Calculated particle size from absorption data is about
2.237 nm (as calculated using equation number 4).
However, the absorbance is depending on the
wavelength of incident light as well as the particle
size included [21].

Antifungal activity: In vitro antifungal
activity of biosynthesized Ag NPs by P. leveillei was
evaluated against mycotoxigenic isolate of P.
gresiofulvum. Figure (5) illustrates the radial growth
of P. gresiofulvum on the PDA medium amended
with different doses of Ag NPs synthesized by P.
leveillei. The efficacy of the biosynthesized Ag NPs
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FIGURE 5
Radial growth of P. gresiofulvum on PDA amended with Ag NPs synthesized by P. leveillei.
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are Australia and former Soviet Union, they occupies
10%, 37% and 18% of total saline-alkaline land areas
in the word respectively[1]. The western Songnen Plain
in Northeast China is an ecologically fragile zone and
one of important soda saline-alkaline wetlands
remaining in China[2,3]. Eighty percent of the western
Songnen Plain was covered by grassland and wetlands
in the past, and the actual saline-alkaline land area was
only 1.08 million hm2 in 1958. However the area
increased to 2.57 million hm2 in 2001, and the serious
degraded area occupied 39.2% of total area salinealkaline land[4]. This data proved the degradation area
of grassland and wetland was close to 50% fifteen
years ago. Therefore, more attention was focused on
restoration and wise utilization of the western Songnen
Plain in the recent years[5,6,7].
Degradation control through establishment of
vegetation cover is an important strategy to reverse the
degeneration trend[8]. The inland salt marsh in West
Songnen Plain are dominated by Phragmites australis
population. They are a kind of rhizomatous and
perennial grass, which is widely distributed in the
world. They grew in freshwater and brackish areas of
swamps, riversides and lakesides typically[9]. Zhao et
al.[10] indicated that P. australis growth was more
limited by water level variation than nutrient loading.
However, natural freshwater resource was very limit
for restoration of marshes, because the local crops were
also need water resource. Therefore, other restoration
technologies were needed to be considered restoring
these degraded salt marshes, especially plants
production, which form an ecological barrier to avoid
soil desertization and salinization.
As we know, some technologies were used in
agriculture to improve crops yield. Such as, sub-soiling
could loosen the soil structure and promote the aerobic
respiration of plant roots. It could increase the
production of maize[10,11], wheat[12,13] and
soybean[14] significantly. In North China Plain, the

ABSTRACT
Inland salt marshes are widely spread in western
Songnen Plain of Northeast China. Lacking of water
resource was the main factor driving degradation of
this inland saline marsh in the past decades, with the
degeneration of the dominated plants, Phragmites
auatralis production. Sub-soiling and fertilization are
two kinds of agricultural technology, which are
developed and used in agriculture to gain high
production. Field mesocosm experiments were
conducted in western Songnen Plain by using two
distance sub-soiling and four different kinds of
fertilizer, to restore the P. australis production and
avoid the further degradation of saline marsh. After
these technologies were used, the growth and
production of P. australis were improved effectively.
The height, stem diameter, heading number, ear length
and biomass were increased significantly, although the
plant density was not influenced by fertilizer. The
increment was more for sub-soiling than for fertilizer.
From the comparative results, we concluded that
hardening in saline-alkaline soil was the key factor
affecting plants growth rather than nutrition, and
chemical fertilizer urea was more effective than others.
Although these agricultural technology could be
effective to restore the population growth of P.
australis, water resource was still the key structure and
environmental factor in marsh restoration.

KEYWORDS: Sub-soiling; fertilization; Phragmites
australis; saline marsh; production restoration

INTRODUCTION
As far as we know, China is one of three soda
saline-alkaline land distribution country, the other two
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Songnen Plain, Northeast China. It is the region with a
typical semiarid and moderate monsoon climate. Four
seasons are significantly separated. Average annual
precipitation and evaporation are 413.7 mm yr-1 and
1749.0 mm yr-1, respectively. Total annual radiation is
5259 MJ m-2 with an accumulated temperature of
2921.3ć ć). The average frost-free season is 137
d. The soil characteristics was shown in Table 1.
Enough degraded area in northeast of
Niuxintaobao marsh were protected from grazing by
fencing (150 cm height). Six plots (1000 m2) were
separated with isolation area of one meter, used as
experiment mesocosm. In order to investigate and
record the results, fire was used before treatments to
remove the standing individual of last year. Then subsoiling and fertilization treatments were applied
separately.
Sub-soiling experiment. Three gradient were set
for sub-soiling, 0, 30 cm, 60 cm width (CK, P1 and P2)
with 20-30 cm depth. After P. australis regenerated in
the early May of 2013, the subsoiler was used to cut off
rhizomes net with adjusting the interval of sub-soiling
(30 cm and 60 cm). Then irrigation was added 2 days
later and kept the water depth as 2-3 cm. At the end of
the growing season, three 0.5φ0.5 m2 quadrat were
used to investigate the density, heading number and
aboveground biomass. Then another 10 individual
were chosen random to determine the height, ear length
and stem diameter.

soil compaction and water scarcity are two major
issues concerning agricultural production. Soil
compacting of agriculture soils is an increasingly
challenging worldwide problem for crop production
and environment[15]. In order to increase the
utilization of natural rainfall in the dry farmland in the
semi-arid area, break up plough pan, achieve the
purpose of water conservation and increase the crop
production[11]. Sub-soiling would benefit the crop
yield in areas with the higher annual precipitation and
average annual temperature in North China[16].
Fertilization could improve the crops production
by adding the nutrient to affect the growth of plants.
Long-term fertilization could effectively improve crop
yield and soil organic materials status[17,18,19]. Some
ecosystem restoration were conducted by using
fertilization adding[20,21], the restoring results
depends on the plant species. However, there was little
reports about agricultural technologies such as subsoiling and fertilization used in saline-alkaline
wetlands until now.
The soil in saline-alkaline marsh hardened
gradually because they lacked water for long time. The
flourishing rhizomes and roots system of P. australis
strengthened the intense of hardening. Therefore subsoiling that cutting the saline-alkaline soil with the
rhizome and roots might help the germination of
rhizomes buds and absorption of rainfall, and
promoted the restoration of P. australis population. For
the saline-alkaline soil, which had lower concentration
of organic matter, total nitrogen and total phosphorus,
the quality of soil was barren (Table 1). Therefore,
fertilization was a very important technology to
improve the soil quality. The objectives of the study
were to compare the effects of sub-soiling and
fertilization treatments on the growth of P. australis
individual and population in the degraded salinealkaline marshes; and assess if the agricultural
technology could be used to restore the population
production of P. australis in marshes restoration.

Fertilization experiment. Refer to the fertilizer
rate of crops production in agriculture, 15 kg urea, 15
kg dibasic ammonium phosphate (DAP), 45 kg
compound fertilizer (CF) and 200 kg organic fertilizer
(OF) were separately used in different plots. Irrigation
was added 2 days later and kept water depth by 2-3 cm
after fertilizer. Organic fertilizer were resist of manure
from goat or sheep and chicken. They were used at the
Middle of May. The quantity of fertilizer was less than
that used in agriculture. After the end of growing
season, three 0.5 φ 0.5 m2 quadrat were used to
investigate the density, heading number and
aboveground biomass. Then another 10 individual
were chosen random to determine the height, ear length
and stem diameter.

MATERIALS AND METHODS
Sites description. The field mesocosm
experiments were conducted in Niuxintaobao marshes

TABLE 1
Characteristics of saline marshy soil

Soil

OM (%)

pH

EC (ms cm-1)

TN (mg kg-1)

TP (mg kg-1)

0.94±0.06

9.87±0.04

0.43±0.02

0.62±0.05

0.05±0.005
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TABLE 2
ANOVA analysis of sub-soiling and fertilization effects on the growth of P. australis
Sub-soiling
F
Density
12.74
Heading
28.95
Biomass
101.75
Height
139.33
Ear length
64.51
Stem diameter
71.62
* p < 0.05, ** p < 0.01, *** p < 0.001.


Sig.
**
**
**
**
**
**

a
b

80
60
40

45
b

30

15

20

Sig.
0.07
*
**
**
**
**

20.00

60

Biomass (g/0.25m2)

Density (n/0.25 m2)

a

a

100

Heading (n/0.25 m2)

120

Fertilization
F
3.12
4.12
9.46
16.61
8.85
12.28

a

16.00

b

12.00
8.00
4.00

c

c

0

0.00

0
CK

P1

P2

CK

P1

P2

CK

P1

P2

FIGURE 1
Sub-soiling effects on density, heading and aboveground biomass of P. australis
Note: CK means control treatment, without sub-soiling technology. P1 means sub-soiling by using 30 cm width. P2
means sub-soiling by using 60 cm width. Different letters of the same column indicated significant difference (p <
0.05).
biomass were 6.5 and 2.5 under P1 treatment, 12.7 and
3.7 under P2 treatment, respectively. The height, ear
length and stem diameter increased 80.7%, 13 and 62.6%
under P1 treatment, and 88.8%, 19 and 78.2% under
P2 treatment, respectively, when comparing to control
Fig.2.

Statistics analysis. A one-way analysis of
variance (ANOVA) was performed using the statistical
program SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
The means and calculated standard errors are reported.
Different treatments were compared by least
significant difference multiple comparison (LSD) (P <
0.05).

Fertilization effects on growth of P. australis.
The density was not influenced significantly by
fertilization (Fig.3). The data analysis results from
Fig.3 to 5 indicated that fertilizer types had different
effects on P. australis growth. Compared with control
WUHDWPHQW RUJDQLF IHUWLOL]HU 2)  GLGQ¶W SURPRWH WKH
growth of P. australis (p > 0.05). Urea, DAP and CF
were inorganic/chemical fertilizer, and they had similar
influence on heading number, height and aboveground
biomass of P. australis (Fig.3 and 4, p > 0.05). All these
data were marked higher than that under control
treatment (p < 0.05). The ear length and stem diameter
were greater under urea treatment than DAP and CF
treatments (p < 0.05), and all are higher than control.
Compared to the control, the biomass increased 2.9,
1.8, 2.0 and 0.8 under Urea, DAP, CF and OF
fertilization treatments, respectively (Fig.4).

RESULTS AND DISCUSSIONS
Both sub-soiling and fertilization had significant
effects on the individual growth and population
development of P. australis population (Table 2, p <
0.05), except of fertilization effect on density.
Sub-soiling effects on growth of P. australis.
The density of P. australis population was not
promoted by sub-soiling technology, which even
decreased by 24.7% under P1 treatment, when
comparing to the control (Fig.1). However, with the
increasing width of sub-soiling, the heading number
and aboveground biomass increased significantly
(Fig.1, p < 0.05). The increment heading number and
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FIGURE 2
Sub-soiling effects on height, ear length and stem diameter of P. australis
Note: CK means control treatment, without sub-soiling technology. P1 means sub-soiling by using 30 cm width. P2
means sub-soiling by using 60 cm width. Different letters of the same column indicated significant difference (p <
0.05)
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FIGURE 3
Fertilization effects on density and heading of P. australis
Note: CK means control treatment, without sub-soiling technology. Urea, DAP, CF and OF means fertilizing urea,
dibasic ammonium phosphate, compound fertilizer and organic fertilizer separately.
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FIGURE 4
Fertilization effects on aboveground biomass and height of P. australis
Note: CK means control treatment, without sub-soiling technology. Urea, DAP, CF and OF means fertilizing urea,
dibasic ammonium phosphate, compound fertilizer and organic fertilizer separately.
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FIGURE 5
Fertilization effects on ear length and stem diameter of P. australis.
Note: P1 means sub-soiling using 30 cm width. P2 means sub-soiling using 60 cm width. Different letters of the same
column indicated significant difference (p < 0.05).
germination of P. australis, vegetative propagation of
rhizomes and effective transfer of nitrogen,
phosphorus and potassium in soils. Satya Sundar et
al.[27] indicated that the restoration of damaged lands
through sub-soiling of compacted lands, sustainable
water management practices and organic manuring are
the major antidotes against attenuation of soil organic
&VWRFNV+RZHYHUWKHSRVLWLYHHIIHFWVGLGQ¶WLQFUHDVHG
with the increasing interval of sub-soiling.
Fertilization was effective to improve plant
production in agriculture, such as N, P or K
fertilizers[28]. However, Güsewell et al.[29]
concluded that only 45 of 121 plants population
enhanced their biomass significantly by fertilization.
Only eutrophic species increased shoot densities after
fertilization in addition[30]. Plant species diversity had
no detectable effects on nutrient uptake rates in
response to fertilization[31]. In the restoration of
bottomland hardwood forests, the species selection
trials was more important than other silvicultural
techniques[32]. Therefore, the effectiveness of
fertilization was depended on the plant species.
Fertilization management for the restoration of
degraded grassland should be conducted with
reference to the nutrient levels of natural grassland
without the additional artificial fertilizer and with
higher species-diversity and richness index[21]. Van
Duren and Pegtel[20] indicated that restoration of wet
grassland communities on peat soils involves
management of nutrient supply and hydrology, many
relatively undisturbed grassland plant communities on
peaty soils was characterized by N limitation,
phosphate limitation for vegetation on peat soils was
mainly observed in specific circumstances such as

Sub-soiling treatment as one of restoration
techniques was effective in restoring the growth and
survivorship of Jatrophy curcas L. seedlings, the
growth rate was found significantly higher and
additional organic matter was received[8]. The subsoiling treatment was proved efficient method of
mechanical intervention for drought mitigation, it
could improve plant height, leaf area/plant
significantly and recorded significant increase in
number of pods/plant and pod yield of rainfed
pigeonpea compared to conventionally tilled[22]. The
immediate effects of sub-soiling on soil physical
properties were significant by improving soil
aggregation and increasing soil moisture when
comparing no tillage[23].
As one of restoration technology, sub-soiling was
effective to restore degraded P. australi population in
inland saline-alkaline marsh of China. Density and
biomass/plant was the main factors influencing the
production of P. australis. Obviously, sub-soiling
markedly increased the individual biomass of P.
australis. After calculating, the yield per unit area
increased 7.8 time at the highest production. As we
know, the increase of water use efficiency is very
important, especially in water-limited conditions[24].
In drought and rainless regions, sub-soiling can break
up plough pan, decrease soil bulk density of surface
layer and penetration resistance of the root system,
increase soil porosity[25,26]. Similar, sub-soiling that
used in degraded saline-alkaline marsh in spring
destroyed the net of roots and loosen the soil, and
promoted water and air absorption and organic matter
decomposition. All these process was beneficial to the
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ABSTRACT
Although Turkey has a large amount of
volcanic material, it does not have a sufficient
amount of work about Andosol identification. The
objectives of this study were to investigate the
physical and chemical properties, weathering
processes, and pedogenetic products of soils
developed from Andesite/Thracyandesite on hill
Cunur in Isparta. The physical and chemical
properties were determined for four profiles derived
from these rocks in Cunur Hill (Isparta, Turkey). The
four profiles showed a surface enrichment of organic
matter (1.96±5.53%), a neutral pH (5.3±6.9), and a
generally low base saturation (11.35±24.91%). The
low concentrations of free iron oxides (0.034±
0.153% Fe) and clay (14.02±35.29%) indicate a
relatively low degree of weathering. The results
revealed that the amount of sand and coarse silt
fractions were higher than 30% in all profiles. The
bulk density is higher than 0.90 g.cm-3 in all profiles.
Meanwhile, Al + ½ Fe percentages (by ammonium
oxalate) are lower than 2% in all profiles. pH values
in NaF are lower than 9.5 in the some profiles.
Selective extraction of soil samples in all horizons
yielded the following trends: Fed > Feo > Fep in
profile K1, K2 and G1 and Fed > Fep > Feo in profiles
G2 in addition, according to selective extraction
solution of aluminum, it was found in northward
profiles Alo > Ald > Alp, While in southern side
profiles have Alo > Alp > Ald order. According to
selective dissolution analysis, non-crystalline
minerals like allophane and imogolite were not
found. The only non-crystalline minerals found in
great quantities Al-humus complexes and in small
quantities ferrihydrite were determine. The semiarid
climate and long and dry summer season of volcanic
areas, a low rate of weathering, inadequate Si
leaching as a result of low precipitation and also very
small amount volcanic glass content of parent
materials in studied soils prevents andic soil
properties. The major factors determining soil
genesis on Cunur Hill would appear to be climate, by
affected leaching regime. Classification of the
studied profiles according to Soil Taxonomy
indicates an Entisol (Lithic Xerorthent).

INTRODUCTION
Volcanic soils were not recognized among
international soil scientists until the middle of the
20th century [1]. Volcanic ash soils were identified
for the first time in an international system of soil
classification [2]. In the FAO classification system,
Andosol major soil group even has been described as
younger [3]. The parent materials of Andosols are
composed of volcanic ejecta [4]. Soils developed
from volcanic materials are characterized by shortrange order compounds, which contain Al and Si in
specific combination, is a mineral typically
occurring in young volcanic soils [5]. The formation
of poorly crystalline minerals and accumulation of
organic matter occur preferentially in volcanic ash
soils [6]. The formation of Andosols is strongly
controlled by climatic factors. These soils have
developed under a diverse range of climatic
conditions and have been studied extensively around
the world. The majority of studies of volcanic soils
in the literature concern soils generated in humid and
tropical climates [4]. Andosols from very little
information Turkey [7] [8] [9] [4] are available on
the volcanic soils of semiarid climates. The
objectives of this study were to investigate the
physical and chemical properties, weathering
processes, and pedogenetic products of soils
developed from Andesite/Thracyandesite on hill
Cunur in Isparta. We discuss the extent to which
these soils meet the requirements of the true
Andosols, as defined by soil taxonomy [10].

MATERIAL AND METHODS
Site Description. The study was performed on
Hill Cunur lacated in south Anatolia, about 11 km
north of the city of Isparta. The city of Isparta is
coordinated between the latitudes of 37° 18´ N and
38° 30´ N [11]. The elevation of Cunur Hill reaches
about 1090 m, and its geological exposure consists
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was determined by weighting soil cores after drying
for 24 h at 105 °C [23]. Organic matter in the soils
was determined using the Walkley and Black
method [24]. Cation Exchange capacity (CEC) and
exchangeable Ca, Mg, K, and Na were extracted by
ammonium acetate (1 N, at pH 7), and quantity was
determined by flame photometer and atomic
absorption spectrophotometer (AAS) [25]. The
amount of carbonate in the soil was measured with a
Scheibler calcimeter [21]. The percent base
saturation was determined by dividing the sum of the
K, Mg, Ca, and Na in mEq 100 g±1 soil to CEC.
Phosphate retention capacity was measured
according to the methods of the Soil Survey
Laboratory Methods Manual [21]. The active Al, Fe
and Si components were dissolved by ammonium
acid oxalate following the procedures described [26]
and by dithionite-citrate-bicarbonate (DCB) [27].
Pyrophosphate-extractable Al and Fe were
determined as described [26]. Elements from
extracts were quantified by atomic absorption
spectroscopy (AAS). Cations were designated by
subscripts o, d, and p for the respective methods. The
Al/Si atomic ratio for the soil allophane was obtained
from (Alo-Alp)/Sio values multiplied by the atomic
ratio of Al/Si [28]. All procedures were replicated 3
times for each soil sample, and means were reported.

mainly of volcanic sand, limestone and alluvium and
Andesite/Thracyandesite rocks [11] [12] [13] [14]
[15] [16]. This Isparta volcanic belongs to the postcollisional alkali potassic-ultrapotassic magmatism
that has been active since the Miocene [17]. Longterm records show that the mean annual precipitation
is 581.00 mm and the total evaporation is 1221.9
mm. According to the Isparta meteorological station,
the mean annual temperature is 12.0 °C [18]. The
research area has a semiarid Mediterranean climate
with low humidity, according to the De MartonneBottman rainless index Formula [19]. Soil moisture
and temperature regimes are xeric and mesic,
respectively [20].
Sampling and analysis. For the study, 4
representative soil profiles were investigated;
disturbed and undisturbed soil samples were taken
from the horizons after their morphological
identification. Air-dried soil samples were passed
through a 2-mm sieve prior to analysis. Soil pH was
measured potentiometrically, soil suspensions in
H2O and 0.01 N KCl (soil/solution ratio 1:2.5) and
in 1 N NaF (soil/solution ratio 1:50) with a glass
electrode [21]. Electrical conductivity (EC) was
determined potentiometrically in a 1:2.5 soil-towater [21]. Particle size distribution was determined
by the hydrometer method [22]. Bulk density (BD)

TABLE 1
General and Morphological characteristics of the profiles
Profile
K1
K2
G1
G2
Profile

K1

K2

G1

G2

Coordinates
Latitude
Longitude
4188960
36283131
4188966
36283127
4188790
36283142
4188764
36283154
Horizon
Depth (cm)
Colour (Dry)
A1
0-10
10YR3/3
A2
10-43
10YR5/3
C1
43-61
C2
61-88
C3
+88
A1
0-17
10YR5/3.5
A2
17-42
10YR5/3
AC
42-67
C1
67-85
C2
85-110
C3
+110
A
0-35
10YR5/3
AC
35-64
10YR5/3
C1
64-80
C2
+80
A
0-42
10YR3/3
C1
42-67
C2
+67
-

Parent Material
Andesite/
Thracyandesite
Colour (Mois.)
10YR3/4
10YR3/2
10YR3/2
10YR3/4
10YR3/2
10YR3/2.5
10YR3/2
-

1

Elevation (m)
1072
1060
1062
1050
1
Structure
mo, me, gr
mo, st, sab
mas
mas
mas
mo, me, gr
mo, me, sab
mo, me, m
mas
mas
mas
mo, me, gr
mo, me, sab
mas
mas
w, me, sab
mas
mas

Slope (%)

2

Roots
3k
3k
3i
2i
1
2i
2i
1
1
1
1
4ko
4o
2i
2i
2oi
2i
1

25
20
25
18
3
Border
du
du
as
as
ds
ds
ds
as
as
du
ds
ds
ds
ds
ds
ds

Land Use
Almond Garden
4

Biological Activity
h
m
w
n
n
n
n
n
n
n
n
m
w
n
n
m
w
n

Structure: w, weak; mo, moderate; st, stronge; me, medium; f, fine; co, coarse; m, massive; gr, granular;
ab, angular blocky; sab, subangular blocky.
2
Roots: 1, none; 2, few; 3, moderate; 4, common; i, fine (<2 mm); o, medium (2-5 mm); c, coarse (>5 mm).
3
Border: ds, distinct smooth; du; distinct undulate; as, accurate smooth
4
Biological activity: n, none; w, weak; m, moderate; h, high
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weathering of pyroclastic materials or are formed in
spodic horizons in a humid climate. The action of 1
M NaF on these minerals releases hydroxide ions
(OH±) to the soil solution and increases the pH. A 1
M NaF pH of more than 8.4 at 2 minutes after the
NaF solution is added is a strong indicator (in noncalcareous soils) that short-range order minerals
dominate the soil exchange complex. pH in NaF
values ranged from 9.24 to 10.46, with values >9.5
in all soils, indicating being Al activity. But free
carbonates in the soil can result in high NaF pH
values without the presence of short-range order
minerals. Therefore, the isotic mineralogy class does
not include soils with free carbonates. So the high
value of pH values in NaF are result of free
carbonates contents of horizons. All soils showed the
highest organic matter content in the surface layers.
Between 1.96-5.93% organic matter has accumulate
in the top soil which means very low value for
Andosols [37]. Organic matter content ranged from
0.22 to 5.53% and declined with depth. Korucu et al.
[39] reported that organic matter content was less
than 2% in Turkish soils. In the presence of a high
content of organic matter on the northward part, in
the southern side were low due to small
mineralization rate (Table 2). Compared with other
Andosols in the world, the organic matter content
was very low in the studied soils. Organic carbon
concentrations were higher in the surface horizons
and decreased with depth in all profiles. Low
precipitation and a long dry season limited to
increase in organic content [29]. Cation exchange
capacity (CEC) values were higher in southern side
when compared with northward. CEC values ranged
from 13.47 to 25.77 cmol·kg-1 and showed no trend
with depth. Exchangeable bases were generally
present in order of abundance, with Ca > Na > K >
Mg in all profiles. Exchangeable Ca, Na, K and Mg
ranged from 23.37 to 79.11 meq·100 g-1, 13.47 to
25.77 meq·100 g-1, and 5.47 to 11.09 meq·100 g-1,
and 1.22 to 2.69 meq·100 g-1 respectively. Base
saturation (BS) based on CEC is close to 100% and
reflects the young development stage and the
abundance of bases in the parent material (Table 3)
[1]. The CaCO3 content was close to the detection
limit in all Profiles, especially in surface horizons,
and ranged from to 1.83 to 11.08%. Phosphate
retention ranged from 11.35 to 24.08% and was
<85% in all horizons. Phosphate retention was not
within the range of Andosols in all profiles. The ratio
Feo/Fed RUµµDFWLYLW\UDWLR¶¶LVZLGHO\XVHGWRLQGLFDWH
WKHGHJUHHRIFU\VWDOOLQLW\RUµµDJH¶¶RILURQ oxides
[30] [1]. Values for Andosols are characteristically
high (>0.75) [1], whereas for older soils they are
much lower. The Feo/Fed ratios are 0.20-0.33
throughout the northward profile, but there is a
steady decline from 0.5 to 0.2 in the southern side
soil, indicating a predominance of better crystallized
iron oxides in the southern side subsoil.

RESULTS AND DISCUSSION
Morphological Properties. A description of
the study sites and four representative soil profiles
were presented in Table 1. The profiles K1 and K2
(northward), G1 and G2 (southern side) are situated
on steep slopes. Organic matter content is higher in
surface layer than subsurface layer and also
compared as both sides northward part has more
organic matter content than southern side. Soil
texture in northward is sandy loam while southern
slide is clay loamy. From the profile description, it is
apparent that distinct soil horizons are lacking, with
the exception of a weakly defined a horizon. Horizon
differentiations have been weakly developed and
different sizes of rock fragments are common in
profiles. The solum thickness ranged from 25 to 33
cm. C horizon was found below A/AC horizons all
of them. All profiles had from slightly to moderately
developed granular A horizons. Soil structure was
massive in C horizons at all profiles. Color hue 10
YR and was characterized by getting higher value in
deeper layers. A slight reaction with HCl was
observed in subsurface horizons in profiles G1 and
G2 due to the presence of CaCO3. In this study area
indicates that the weathering is low and soil
formation is at the initial stage [29].
Physical and chemical properties and
pedogenesis. Some of the physical and chemicals
properties of soils studied are presented in Table 2.
Sand content ranged from 35.6 to 59.8%, while silt
content varies from 24.36 to 32.67%in studied soils.
In addition clay content changes from 14.02 to
35.29% in profiles. Profiles were characterized by
coarse texture. The texture of the soils was sandy
loam (K1 and K2) and clay loam (G1 and G2). Bulk
density (BD) values of the soils ranged from 0.98 to
1.31 g·cm-3, with surface soils generally having
lower BD values than subsurface soils; BD values
higher than 0.9 g·cm-3 in the studied soils, which is
characterized in Andosols (<0.9 g·cm-3). Bulk
density is generally high because of high sand
content, low weathering rates, and lack of smaller
particle (like allophane and imogolite) densities.
These factors considered responsible for lower bulk
density [5]. According to Atasoy et al. [38] Bulk
density increases depending on clay content. pH
(H2O) is alkaline in all profiles, and soil pH (H2O)
values ranged from 6.92 to 7.82, increase with depth.
Soil pH (KCl) values ranged from 7.10 to 7.82, and
were consistently more than pH (H22 DQGǻS+>S+
(KCl) to pH (H2O)] values ranged between -0.19
(K1) and -0.45 (K2), indicating a net negative charge
of the soils. The pH of a suspension containing 1 g
soil in 50 mL 1 M NaF is used as a criterion for the
isotic mineralogy class. This method tests for the
presence of short-range order minerals. These
minerals are commonly early products of the
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TABLE 2
Some chemical and physical properties of profiles.
Profile

K1

K2

G1

G2

Horizon
A1
A2
C1
C2
C3
A1
A2
AC
C1
C2
C3
A
AC
Cr
R
A
C1
C2

Depth
(cm)
0-10
10-43
43-61
61-88
+88
0-17
17-42
42-67
67-85
85-110
+110
0-35
35-64
64-80
+80
0-42
42-67
+67

ǻS+

pH

(KCl-

H2O
7,65
7,80
7,75
7,97
7,97
8,03
8,01
7,52
-

KCl
7,20
7,59
7,54
7,75
7,72
7,80
7,82
7,10
-

NaF
9,25
10,27
9,40
10,16
9,84
10,31
10,46
9,24
-

H2O)

-0,45
-0,21
-0,21
-0,22
-0,25
-0,23
-0,19
-0,42
-

EC
dS.
m-1
137
163
159
121
122
121
118
291
-

OM
(%)

CaCO3
(%)

5,53
2,65
4,89
2,35
3,58
1,41
0,22
1,96
-

2,25
5,66
2,32
4,50
3,75
10,15
11,08
1,83
-

CEC
(cmol
kg-1)
17,71
15,52
19,95
13,47
21,31
20,99
25,77
19,48
c

Particle size distribution (%)

BS
(%)

Clay
14,02
16,24
14,02
16,05
20,39
31,02
33,36
35,29
-

100
100
100
100
100
100
100
100
-

Silt
28,25
24,36
26,18
26,14
32,67
26,62
24,71
29,10
-

Sand
57,70
59,40
59,80
57,80
46,90
42,40
41,90
35,60
-

Exchangeable cations
(cmolc kg-1)
Ca
Mg
Na
23,37
2,00
17,71
55,81
1,22
15,52
24,84
2,69
19,95
42,67
2,02
13,47
47,68
1,45
21,31
75,78
1,45
20,99
79,11
1,50
25,77
26,48
2,13
19,48
-

K
5,50
5,66
5,47
10,60
11,09
10,98
10,81
10,79
-

TABLE 3
Active dissolution analyses of soils.
Profile

Horizon
A1
A2
C1
C2
C3
A1
A2
AC
C1
C2
C3
A
AC
Cr
R
A
C1
C2

K1

K2

G1

G2

%
Fed
0,493
0,475
0,458
0,446
0,288
0,251
0,295
0,316
-

Feo
0,146
0,097
0,153
0,129
0,028
0,017
0,016
0,034
-

Fep
0,018
0,006
0,014
0,008
0,010
0,010
0,014
0,050
-

Ald
0,042
0,059
0,038
0,023
0,042
0,025
0,036
0,012
-

Alo
0,234
0,245
0,235
0,244
0,131
0,127
0,125
0,126
-

Alp
0,026
0,020
0,032
0,038
0,028
0,034
0,084
0,204
-

Sio
0,697
0,776
0,706
0,672
0,713
0,660
0,792
0,682
-

TABLE 4
Index values of d, o and p dissolution analysis of the studied soils.
Profile

K1

K2

G1

G2

Horizon

(Fed-Feo)*100/Fed

Feo/Fed

Fep/Feo

Fep/Fed

Alo/Ald

Alp/Alo

(Alo-Alp)/Sio

A1
A2
C1
C2
C3
A1
A2
AC
C1
C2
C3
A
AC
Cr
R
A
C1
C2

70,40
79,56
66,64
70,95
90,46
93,02
94,66
89,40
-

0,30
0,20
0,33
0,29
0,10
0,07
0,05
0,11
-

0,12
0,06
0,09
0,06
0,37
0,57
0,86
1,48
-

0,04
0,01
0,03
0,02
0,04
0,04
0,05
0,16
-

5,62
4,17
6,14
10,44
3,10
4,99
4,27
10,95
-

0,11
0,08
0,14
0,16
0,22
0,27
0,55
1,62
-

0,30
0,29
0,29
0,31
0,14
0,14
0,09
0,11
-

2[DODWH VKRXOG H[WUDFW DOO µDPRUSKRXV¶ DQG
organic aluminium and iron and amorphous
aluminium silicates, but pyrophosphate should
extract only organically bound Al and Fe [31] [1].
Oxalate-extractable Fe and Al values exceed
pyrophosphate-extractable Fe and Al values. Alo and
Feo values ranged from 0.126% to 0.245% and from
0.016% to 0.153%, respectively. The highest Alo and

Pyrophosphate, oxalate and dithionitecitrate bicarbonate (DCB) dissolution analysis.
The results of selective dissolution analysis are given
in Table 3 Sio content was more than 0.200% in all
horizons, ranging from 0.660% to 0.776%. Si o
values increased with depth in K1, K2 and G2, but
no trend this was observed in G1 profiles.
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indicating that free (dithionite-soluble) Al exists
predominantly in non-or poorly crystalline form. But
Amorphous Aluminium hydroxide formed at the
earliest weathering stages of K- feldspar before the
crystalline phases appear. The other results indicate
that allophane and imogolite were not formed the
soils studied. So the high Alo values were result of
K-feldspar weathering processes. But more detail
study is required to clarify the formation processes
of the end weathering products like as scanning
electron microscopy (SEM), transmission electron
microscopy (TEM), energy dispersive X-ray
analysis (EDX) and X-ray photoelectron
spectroscopy (XPS). The ratio of Alp/Alo yields
information about the relative composition of the
colloidal fraction, with a ratio of <0.5 separating Alhumus complexes from allophonic materials in the
southern side profiles.
The fact that these values were <0.5 in other
profiles suggests that very little of the extractable Al
was present in Al-humus complexes rather than in
non crystalline Al forms. Alp/Alo value was found to
be very high in G1 and G2 profiles. High Alp/Alo
ratios also indicate that large amounts of non-or
poorly crystalline forms of Al are bound to organic
functional groups. Fed values were higher than the
other fractions in studied soils. Alo is higher than Ald
in all profiles. Low Feo/Fed values and decreased
with depth. The higher Feo/Fed values in surface
horizons and increased base content showed the
presence of active primer minerals because of
relatively high weathering rate. Fep/Feo ratio is an
indicator of the presence of metal-humus complexes.

Feo values were observed in northward profiles. Fep
and Alp values were very low when compared with
those of other Andosols.
Pyrophosphate-extractable Alp and Fep provide
the data for organometallic complex forms of Fe and
Al. Alp and Fep are very high in Andosols, but in the
studied profiles these values were determined as
very low. Fep and Alp values ranged from 0.006% to
0.050% and from 0.020% to 0.204%, respectively.
The low Alp and Fep values resulted from low
organic matter content produced by low
precipitation [29] and a long dry season and from
low solubility of Fe and Al at pH >5.5 [32].
Weathering intensity in the northward profiles is
sufficiently high that the capacity of organic matter
to complex Al is exceeded. So it was released as a
gel forms by weathering like aluminosilicate. The
presence of such phases was inferred from Alp and
Fep values in excess of Alo and Feo [1].
In the studied profiles, Fed ranged from 0.251
to 0.493%, and Ald ranged from 0.012 to 0.059%.
Fed decreased with depth in profiles K1 and K2,
whereas southern side profiles increased with depth.
In addition to Ald showed no trend with depth and
showed in Table 5. Dithionite-citrate bicarbonate
(DCB) affected crystallized materials more than the
other extracts.
High pH was determinate due to low solubility
of Al and Fe; which lower Al- and Fe - humus
complexes than real Andosols. Alo is higher than Ald
in all profiles. Alo/Ald ratios are very high (>1),
possibly indicating that these soils contain a form of
Al that is not extracted by DCB reagent. In some
profiles, Alo/Ald were higher (>0.5) (Table 4),

TABLE 5
Diagnostic criteria for Andosol according to Soil Survey Staff [36] and Index values of the andic
properties in this study profiles.

Profile

K1

K2

G1

G2
(1)

Horizon
A1
A2
C1
C2
C3
A1
A2
AC
C1
C2
C3
A
AC
Cr
R
A
C1
C2

Phosphorous retention
(%)

>85(1)

20,90
20,21
16,89
20,08
22,56
19,47
24,91
11,35
-

Alo + ½ Feo
%
0,306
0,294
0,311
0,309
0,145
0,135
0,160
0,143
-

>2(1)

Values indicated by Soil Survey Staff

1465

Bulk Density
(g cm-3)

<0,9(1)

0,98
1,22
1,05
1,10
1,31
1,30
1,21
-

Clay Content
%

>10(1)

14,02
16,24
14,02
16,05
20,39
31,02
33,36
35,29
-
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regime, and all profiles were classified as Typic
Xerorthents because they are deeper than 50 cm.

A low Fep/Feo ratio (<0.9) indicates that Fehumus complexes are limited except for G2.
However, Fep/Feo values were >1 in profile K1, K2
and G1 indicating that considerable amounts of Fehumus complex are present. This is in agreement
with the high amount of organic matter content of
these profiles. Fep/Fed values were very low (0.010.16%). Low values Fep/Fed ratios were also showed
that crystalline Fe-oxides were the most abundant
mineral fraction. The ratio of (Fed-Feo)*100/Fed
expresses the degree of crystallization of free iron
oxides [33]. The ratios are quite high, indicating that
Fe released during weathering forms mostly
crystalline oxides. The lowest crystallization rate
was found profiles in northward (66.64-79.56%),
while southern slide highest crystallization rate
(89.40-94.66%).
The rate of Alp/Alo has been used as
characteristic of Andosols, where Alp/Alo lowers
than 0.1 confirms the absolute presence of allophane
[4]. Alp/Alo values were higher than 0.1 in all profiles
except K1, indicating lack of allophane and
existence of Al-humus complexes, as explained
previously. In the northward topsoil, especially K1,
the lower Alp/Alo ratios is typical for allophanic and
humus-rich soils [28]. However, Wada et al. [34]
found Fep values in excess of Feo. In an effort to
explain such findings, Kaiser and Zech [35]
concluded that pyrophosphate-extractable Al may be
partly attributable to alkaline dissolution of Alhydroxide phases and peptized Al hydroxide
associated with adsorbed organic matter [1]. The low
Alp/Alo ratios in the northward topsoil can be
explaining this finding. With an Alp/Alo ratio <0.5, a
Sio content >0.6%, the northward soil belongs to the
silandic subtype. Besides, the ratio (Alo-Alp)/Sio can
be used to estimate allophane and imogolite
formation in Andosols. This rate ranges from 1 to 2.5
in most Andosols, is close to 1 in allophane-rich
Andosols and is close to 2 in imogolite-rich
Andosols [29]. The rate of (Alo- Alp)/Sio were very
outside the limit, which demonstrates the lack of
allophane and imogolite in the studied soils; indeed,
it was negative in G2 profiles.

CONCLUSIONS
In this study, we evaluated soil formation by
the physical and chemical properties, weathering
processes, and pedogenetic products of soils
developed from Andesite/thracyandesite. Noncrystalline minerals such as allophane and imogolite
have not formed in these soils because of a low rate
of weathering, inadequate Si leaching as a result of
low precipitation and a long dry season. Horizon
differentiation was poor and parent material effect
on soil properties was strong. The soils of Cunur Hill
did not show andic properties and were not classified
as Andosol but rather as Entisol (Lithic Xerorthent).
The semi arid climate and long and dry summer
season of volcanic areas, a low rate of weathering,
inadequate Si leaching as a result of low
precipitation parent materials of soil studied
prevented andic soil properties.
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thousand tons (20.11%) [3]. Most apricot trees are
cultivated in the Mediterranean countries which have
precocity potential. The Mediterranean costal line of
Turkey is frost free, and therefore, is an ideal area for
table apricots to be grown [4, 5].
Commercial fruit production in wherever
region depends on suitable ecological conditions,
using fruitful cultivars, contends with pests and
diseases, regular pruning and especially fertilization
and irrigation. As a matter of fact, Torrecillas et al.
informed that because water shortage is the main
limiting factor on agricultural production of the
Mediterranean coast, optimizing the use of irrigation
is of great importance in this area [6]. Although
apricot is considered as a drought-resistant crop that
exhibits some xeromorphic characteristics such as
the ability to endure water stress in the dry season
and the loss of leaves in winter [7], commercial
apricot production depends on irrigation [6]. Water
management is one of the most important limiting
factors for commercial apricot production. In
addition, fruit set, fruit drops and fruit quality in
apricots can be affected by a large number of
environmental and physiological factors [8, 9]. A
number of studies have been carried out [5, 10, 11,
12, 13, 14] on growing and improvement of apricot
trees in Turkey. However, there have been a few
studies [15, 16] on the irrigation of apricots even
though Turkey is the most important apricot
producer in the world [16]. For this reason,
investigation of the effects of water deficit on young
apricot plants plays a crucial role in determining
sustainable and best management practices such as
irrigation schedule for improved fruit quality and
yield.
It is known that 70-75% of present water
sources are used for agricultural irrigation purposes.
By using some alternative irrigation strategies such
as restricted or deficit irrigation in irrigated
agriculture, decreasing of stresses on the water
sources is expected. So that well balanced
environment sustainability will be provided in terms
of irrigated agricultural activities.

ABSTRACT
Water shortage studies aiming to provide
enough fruit yield and quality by using less water in
fruit culture is getting important day by day because
of global water scarcity and its negative
environmental effects. Hence, this experiment was
carried out to investigate the effects of different
irrigation intervals and amount treatments on yield
and fruit quality of young apricot trees (Prunus
armeniaca L. cv Ninfa) during the 2008 and 2009
growing seasons under Mediterranean conditions.
Seven, fourteen and twenty-one days irrigation
intervals and five irrigation water amounts based on
reduction coefficients (Kcp) of class A pan
evaporation (0.0, 0.25, 0.50, 0.75 and 1.00) were
examined. Pomological variables, such as fruit and
seed weights, fruit dimension, flesh firmness,
flesh/seed ratio, total soluble solids (TSS), pH and
acidity (%), were studied. The interaction between
irrigation intervals and the irrigation water amount
treatments had significant effects on cumulative
yield of the trees. While irrigation water amount had
significant effects on all pomological characteristics
of fruits, irrigation intervals affected only few fruit
quality properties such as fruit weight, flesh
firmness, flesh/seed ratio, pH and acidity.

KEYWORDS:
apricot, fruit quality, yield, water shortage

INTRODUCTION
Apricot plays an important role in human
nutrition, and can be used as a fresh, dried or
processed fruit such as frozen apricot, jam, jelly,
marmalade, pulp, juice and extrusion products [1].
Apricot is a high popular fruit species grown in the
Mediterranean countries, and the fruit is highly
appreciated in terms of human health [2]. According
to the FAO reports for 2013, Turkey ranked first in
the world apricot production with approximately 812
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FIGURE 1
Montly mean, minimum and maximum temperatures observed for the experimental
site in the years of 2008 and 2009.

FIGURE 2
Montly rainfall, relative humudity (RH) and class A pan evaporations of the experimental
site in the years of 2008 and 2009.

Turkey.
In the experiment, one year old µ1LQID¶FYon
seedling apricot rootstock, planted in 2006 was used.
The spacing was 3m x 6m and the standard cultural
practices in the region were adopted. The trees were
pruned each year in the dormant season. Fertigation
was based on soil analysis and all the experimental
plots received the same amount of total fertilizer
during the growing seasons. Pest and disease
controls were realized using chemical agents in a
timely manner. Weeds in the tree row were
controlled manually by hoeing with two
applications. Drip irrigation was used for watering of
trees with a lateral per tree row. Each subplot had one
valve to control water application. The soil was from
alluvial great soil group with fine texture and well
drained class.

The objective of this study was to evaluate
effects of withholding irrigation strategies on yield
and fruit quality of young apricot trees.

MATERIALS AND METHODS
This study was carried out between 2008 and
2009 in a commercial orchard located in Osmaniye,
eastern Mediterranean region of Turkey. During the
experimental period, some climatic data was
measured by mini weather station and the results are
given in Figures 1 and 2. In terms of the climatic
variables, the climatic conditions for the
experimental site were also similar to the long term
data [17] and were assumed to be the typical climate
that prevails in the eastern Mediterranean region of
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Tokyo/Japan) model no. 507-I (Brix 0±32%)). pH
values of the fruit samples were obtained by a digital
pH meter (HANNA instruments 8521).
Five ml were taken from the above juice samples and
95 ml of distilled water was added to the 100 ml test
tube. Acidity percentage was calculated in terms of
malic acid type from the value determined by
titration of this solution with 0.1N NaOH, according
to [21].
Analysis of variance (ANOVA) was performed
with MSTAT-C statistical software and means were
compared by Tukey test at the level of 0.05.

The standard methods were used to determine
the other properties of soils in the experimental site.
The experimental design consisted of
randomized complete block factorial design with
three replicates per treatment. Each individual plot,
containing one plant row with three trees, was used
for experimental measurements [18].
Three irrigation interval treatments of 7 (T7), 14
(T14) and 21 (T21) days and five Class A pan
coefficients (Kcp) of 0.0 (I0), 0.25 (I25), 0.50 (I50),
0.75 (I75) and 1.0 (I100) were applied in the
experiment. Irrigation amount treatments were
considered: a control treatment (I100) receiving an
amount of water equivalent to 100% of seasonal tree
evapotranspiration (ET) demand throughout the
year. The trees undergoing I0 irrigation treatment
were only rain-fed (not irrigated) in all the years of
the study.
The first irrigation application was conducted
when the available water rate was 45% at a 90 cm
soil depth. Irrigation treatments were finished in each
year at the beginning of rainy season. The irrigation
treatments were applied during DOY (day of year)
149± 261 in 2008 and 147±254 in 2009. The amount
of irrigation water was calculated using standard
methods [19].
Fruits were harvested and weighed on several
commercial picking dates depending on the year.
The yield was determined for area-basis (kg ha-1) in
the experiment. To determine the effects of irrigation
treatments on pomological variables, fruit weight
(g), fruit height (cm), seed weight (g), fruit index
(width/length), flesh/seed ratio total soluble solids
(TSS, %), pH, and acidity (%) were studied. Ten
intact fruits from each tree which totally amounted
to 30 fruits from each treatment replication were
randomly picked and analyzed [4]. Fruit and seed
weights were measured by using a digital balance
with 0.01 g sensitivity. Linear dimensions, width,
length and height were measured by using a digital
caliber gauge with sensitivity of 0.01 mm. Flesh/seed
ratio and fruit index was also calculated from these
values. Firmness was evaluated with a manual
penetrometer (Model 53200SP TR, Forlì, Italy) on
two peeled opposite sides at the equatorial region of
the apricot, using an 11-mm-wide plunger. Peel color
measurements were conducted by Minolta Chroma
Meter CR-400 having a measuring area of 8 mm in
diameter for readings of fruits. L* (lightness), a*
(green to red) and b* (blue to yellow) values were
measured. Minolta a* and b* values were used to
compute values for hue angle (a = tan-1b*/a*) and
chroma (a*2+b*2)1/2, two parameters that are
effective for describing visual color appearance [20].
Fruit juice was obtained by blending the above
halved fruit pulps without seed. A few drops of fruit
juice were analyzed by a hand refractometer
(N.O.W. (Nippon Optical Works Co. Ltd

RESULTS AND DISCUSSIONS
The amount of applied water in irrigation
treatments was presented in Table 1. The irrigation
amounts applied in the experiment varied from 147
to 660 mm in 2008 and from 180 to 801 mm in 2009.
Fig. 3 shows data for irrigation intervals and
irrigation water amounts as cumulative yield.
Although the irrigation intervals did not have
significant effects on cumulative yield (kg ha-1), the
T7 treatment had the highest cumulative yield for
consecutive 2 years in the experiment. There were
not clear responses to the different irrigation interval
treatments in individual apricot yield variables.
TABLE 1
Seasonal irrigation water applied (I, mm),
number of irrigation events (NI) and rainfall for
apricot trees during the years of 2008 and 2009.
2008
2009
Treatments
I
NI
I
NI
T7I0
T7I25
165
15
180
13
330
15
361
13
T7I50
495
15
541
13
T7I75
T7I100
660
15
721
13
T14I0
T14I25
147
10
188
7
T14I50
294
10
375
7
441
10
563
7
T14I75
588
10
750
7
T14I100
T21I0
T21I25
150
6
200
6
T21I50
300
6
401
6
T21I75
449
6
601
6
T21I100
599
6
801
6
First
irrigation
DOY
149
147
Rainfall*
70
126
DOY: day of year
*Total precipitation in irrigation season
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FIGURE 3
Interaction of different irrigation amount (I) and irrigation intervals (T) treatments on
cumulative yield (kg ha-1) in the years of 2008 and 2009 LSD(I) 5%: 258.1; LSD(T) 5%: ns;
LSD(IxT)5%: 447.0 Values not associated with the same letter are significantly different (P<0.05)
It can be concluded that the irrigation frequency
was expected to affect production in the young
apricot trees. Bryla et al. declared a similar approach
for peach which placed in the same botanical
classification group as with the apricot trees [22].
The differences among irrigation water amounts for
cumulative yield per hectare were significant at 5%.
The highest cumulative yield per hectare (859.5 kg)
was found in the I50 treatment. I75 and I100 treatments
also placed in the same LSD group. As expected, I0
treatment had the lowest cumulative yield (70.51
kg). According to our results, it could be estimated
that the deficit irrigation did not affect the
cumulative yield of the examined apricot trees
except non-irrigated trees. Withholding irrigation
may be applied to control yield. Likewise, as
reported in many studies, deficit irrigation may offer
an approach to saving water in some woody crops by
minimizing or eliminating negative impacts on yield
[6, 23, 24, 25].

The interaction between irrigation intervals and
irrigation water amount treatments had significant
effects on cumulative yield of the trees. According to
the results, the T14 x I75 interaction (irrigation in 14
days interval and 75% of the full irrigation) had the
highest cumulative yield (987.4 kg ha-1). The data
indicated that the amount of water applied is 50%
lower than that needed to satisfy the full crop water
requirements. Similar results under the deficit
irrigation treatments were also reported by PérezPastor et al. [26].
The differences between irrigation intervals
and irrigation water amounts for the pomological
analyses were presented in Tables 2 and 3. As it can
be seen from Table 2, the irrigation intervals had a
significant effect on average fruit weight, fruit index,
flesh firmness and pH values of the fruits in 2008.
While the lowest fruit weight (22.7 g) and pH value
(3.52) were determined in T7 treatment, the highest
values were obtained from T21 treatment as

TABLE 2
Some pomological characteristics of the irrigation intervals treatments (2008±2009).
Fruit index
Flesh
Fruit
Irrigation
Fruit
pH
Acidity
Flesh/stone Soluble
intervals weight height (width/length) firmness
(%)
ratio
solids
(kg/cm2)
(mm)
(g)
(Brix)
2008
T7
22.7b
34.4
0.97b
3.75b
7.92
11.9
3.52c 0.97
T14
23.9a
34.6
0.97a
3.88a
8.27
12.0
3.57b 0.96
24.4a
35.5
0.95c
3.67c
7.60
12.0
3.61a 0.89
T21
LSD0.05
1.15
ns
0.001
0.07
ns
ns
0.03
ns
2009
T7
25.1
36.2
0.93
1.17b
7.64a
11.3
3.36a 1.07
24.2
36.1
0.93
1.39a
6.63b
11.1
3.32b 1.18
T14
T21
24.1
36.2
0.94
1.41a
7.85a
11.0
3.31c 1.18
LSD0.05
ns
ns
ns
0.14
0.89
ns
0.001 ns
Values not associated with the same letter are significantly different (P<0.05)
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TABLE 3
Some pomological characteristics of the irrigation amount treatments (2008±2009).
Fruit
index Flesh
Fruit
Acidity
Irrigation Fruit
Flesh/stone Soluble pH
weight height (width/length) firmness ratio
(%)
water
solids
(kg/cm2)
(mm)
amounts (g)
(Brix)
2008
I0
23.7b
36.3a
1.02a
1.58a
7.33b
11.7bc 3.00e 0.56d
I25
22.2c
33.8d
0.93e
0.65c
7.17b
12.4a
3.73b 0.93c
24.0b
34.6c
0.94d
0.71c
8.23a
12.3ab 3.80a 0.95c
I50
25.5a
35.5b
0.95c
0.80b
8.36a
11.4c
3.68c 1.06b
I75
I100
22.9bc 34.0cd 0.98b
0.84b
8.55a
12.2ab 3.62d 1.21a
LSD0.05
1.42
0.68
0.001
0.09
0.58
0.69
0.05
0.11
2009
I0
15.6b
31.5c
0.95a
1.47a
7.18b
10.9
3.00b 0.89b
26.6a
37.8a
0.93b
1.24b
7.41ab
11.4
3.41a 1.17a
I25
26.7a
37.2ab 0.93c
1.33b
8.10a
11.3
3.42a 1.23a
I50
I75
27.1a
37.8a
0.92d
1.34b
7.42ab
11.0
3.40a 1.24a
26.4a
36.7b
0.93b
1.25b
6.76b
11.0
3.41a 1.19a
I100
2.04
0.71
0.001
0.13
0.84
ns
0.03
0.11
LSD0.05
Values not associated with the same letter are significantly different (P<0.05)
24.4 g and 3.61, respectively. The highest fruit index
(0.97) and flesh firmness value (3.88 kg cm-2) were
found in T14 while the lowest values were in T21
treatment, 0.95 and 3.67 kg cm-2, respectively. In
2009, the irrigation intervals had a significant effect
on average flesh/stone ratio, flesh firmness (FF) and
pH values of the fruits. While the lowest flesh
firmness value (1.17 kg cm-2) was determined in T7
treatment, other interval treatments gave the highest
values as 1.39 kg cm-2 in T14 and 1.41 kg cm-2 in T21.
The highest pH value was measured in T7 (3.36)
while the lowest value was in T21 (3.31) treatment.
Differences between fruit height, TSS and malic acid
concentration values were not statistically significant
in both of the years for different irrigation interval
treatments. Similar results were also reported by
many researchers [26, 27, 28, 29].
It is clear from the data in Table 3 that the
irrigation amounts had a significant effect on all

inspected parameters in both years except TSS in
2009 (Table 3). Irrigation water amounts
significantly improved fruit weight. In 2008, while
the lowest fruit weight (22.2 g) was determined in I25
treatment, the highest value was obtained from I75
treatment (25.5 g). Fruit height, fruit index and flesh
firmness parameters were determined the highest
(36.3 mm, 1.02, 1.58 kg cm-2) in I0 treatment while
the lowest in I50 (34.6 mm), I75 (0.95) and I50 (0.71
kg cm-2) treatments, respectively. The highest
flesh/seed ratio, TSS, pH and acidity values were
obtained from I100 (8.55), I25 (12.4 brix), I50 (3.80),
I100 (2.21%) respectively. The lowest flesh/seed ratio
(7.17) was observed in I25, TSS (11.4 brix) in I75, pH
(3.00) and acidity (0.56%) in I0 treatment.
In 2009, the highest fruit weight (27.1 g) was
found in the I75 treatment. I25, I50 and I100 treatments
were also placed in same LSD group. The lowest
(15.6 g) fruit weight was obtained from the I 0

FIGURE 4
Average mean peel color properties of apricot fruits
Values not associated with the same letter are significantly different (P<0.05)
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treatment. It is clear that withholding irrigation
during growth periods decreased the fruit growth and
led to lower fruit size. Torrecillas et al. reported that,
when irrigation was restored in the initial
exponential phase and the lag phase of the doublesigmoid growth curve, a compensatory growth rate
was observed on the fruits of this treatment, which
allowed the fruit to reach a similar diameter as the
fruit from the full irrigation treatment [6]. Fruit index
and flesh firmness parameters were determined the
highest (0.95, 1.47 kg cm-2) in I0 treatment while the
lowest in I75 (0.92) and I50 (1.24 kg cm2) treatments,
respectively. While the lowest pH (3.00) and acidity
(0.89%) values were obtained from I0 treatment, all
the other treatments placed in same LSD group from
the view point of pH and acidity. Similar results of
fruit quality (such as TSS, pH value and acidity)
were reported on apricots by Son [29].
Three colors were determined for peel
background; yellow, cream and green-yellow
(Figure 4). The decrease of L value reflects the
darkening of the apricot varieties by carotenoid
accumulation [30]. )RUSHHOFRORU³/´ GDUNQHVVWR
lightness) varied between 63.5 (T14) and 64.3 (T21) in
irrigation interval treatments and 62.9 (I0) and 64.6
(I25) irrigation amount treatments. Statistically, no
YDULDWLRQVZHUHGHWHFWHGIRU³D´YDOXHV JUHHQWRUHG 
in irrigation interval treatments. Greater variations
ZHUH GHWHFWHG IRU ³D´ YDOXHV  ,0) - 7.0 (I50) in
irrigation amount treatments. While irrigation
iQWHUYDO WUHDWPHQWV KDG QR GLIIHUHQW ³E´ YDOXHV
irrigation amount treatments had difference (49.0 ±
51.7).
Hue and chroma values were the most varied
measurements both on irrigation intervals and on
irrigation amount treatments. As regards fruit color
parameters, the Hue angle was lower (more intense
red color) at T14 (28.4) in comparison to those
obtained from the rest irrigation interval treatments.
Withholding irrigation during fruit growth stages in
apricots correlated with a more reddish coloration on
the fruit skin [6, 27, 31]. Boland et al. reported that
increased light interception inside the tree canopy
which results in an increase of photosynthetic rate
and an increase of anthocyanin synthesis which
provide the red fruit color [32]. The lowest chroma
(49.5) mean was recovered from T14 while the
highest in T0 (51.0) treatment. The differences
between chroma means for irrigation amount
treatments were significant at 5%. The highest
chroma (51.7) mean was recovered from I0
treatment. In general, the values were closer to
yellow which may be due to carotene concentration.
Torrecillas et al. found the highest color intensity
(chroma index) in apricot fruits from trees suffering
from severe water stress during the last fruit growth
stage [6].

CONCLUSIONS
This study was aimed to determine whether the
deficit irrigation strategies could be used to save
irrigation water without reducing yield and fruit
quality for young apricot trees. The above results
indicate that apricot trees possess advantageous
characteristics that can be used in the reduced
irrigation treatments. Deficit irrigation scheduled
with moderate water savings constitutes a useful
irrigation strategy for fruit yield of young apricot
trees in cases of limited water resources. At the same
time, it is claimed that the negative effects of
conventional irrigation practices on present deficit
water sources can be decreased during well balanced
sustainable environment. As a conclusion, it is
determined that the young apricot trees show the best
yield responses under the irrigation water
applications equal to 75% of class-A pan evaporation
which is equal to 25% benefit on irrigation water
amounts with two weeks intervals.
The results indicated that the apricot tree is an
appropriate species to apply deficit water irrigation
thanks to the clear separation between their growth
and yield and its ability to recover the fruit size
reduction suffering from deficit irrigation
application. Quality indexes (TSS, Acidity, and pH)
were slightly similar between irrigation interval
treatments but pretty different among the irrigation
water amounts.
As a matter of fact, these early results are an
acceptable sign of the possibility of using water
shortage treatments in apricot culture. Therefore, the
research should be continued to determine the long
term effect of irrigation intervals and irrigation
amount treatments using mature trees.
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not only disturb wildlife¶s endocrine system but also
have potential to induce carcinogenic, teratogenic
and mutagenic diseases if they are accumulating at a
certain level of concentration in the organism of
human [1, 7, 8]. Toxic PAEs are mainly ingested into
organism through drinking polluted water. The threat
of PAEs to either surface or ground water should be
paid a close attention.
Advanced oxidation processes (AOPs) for
wastewater treatment have attracted great attention
due to the involvement of hydroxyl radicals
(OH ) ʊ the most powerful oxidizing species after
fluorine in aqueous environment [9]. Moreover, the
generated OH radicals are non-selective [10],
thereby, able to decompose various organic
substrates, particularly the persistent and nonbiodegradable ones, like dimethyl sulfoxide (DMSO)
[11]. Among the AOPs, Fenton method [12] is one
of the attractively promising technologies. As well
known, the cRQYHQWLRQDO )HQWRQ¶V UHDJHQW
LV WKH
J
mixture of H2O2 and Fe2+, and the OH radicals are
produced by following reaction:
Fe2++ H2O2
Fe3++ OH OHHowever, some disadvantages exist in the
application of the conventional Fenton process. For
example, the availability of H2O2 is low, the
additional separation and disposal of ferric
hydroxide sludge are troublesome. Photo-Fenton and
electro-Fenton [13] have been used to enhance the
availability of H2O2. In order to re-collect the
catalysts, semiconductor photo catalysts including
NiFe2O4 [14], TiO2 [15] and other heterogeneous
catalysts - foundry sand [16], LaFeO3 [17],
Fe@Fe2O3 core-shell nanowires [18] and vanadiumtitanium magnetite [19] have been used. Among the
solid iron oxides, the un-supported ones aggregate
easily during Fenton process and difficult to recollect in aqueous solution due to their high surface
free energy and small particle size. Supported iron
oxides, thus, are adopted. Although organic supports
have relatively strong anti-oxidation ability, they can
be used in the Fenton process for a shorter time due

ABSTRACT
Diatomite-supported Į-Fe2O3 (Fe-D), a kind of
potential iron source for photo-Fenton process, was
prepared and characterized by X-ray powder
diffraction (XRD) and Field Emission Scanning
Electron Microscope (FESEM). The ultraviolet light
(Ȝ=254nm) was introduced into the treatment of
dimethyl phthalate (DMP). Based on response
surface methodology (RSM), central composite
design (CCD) was used to study the effect of several
operating parameters ± the initial pH of solution,
H2O2 concentration, and Fe-D dosage on the DMP
removal efficiencies. According to the experimental
results, the RSM model was derived and the response
surface plots were given. The optimal condition for
removal of DMP is 1.20 g g L-1 of Fe-D, 1.38
mmolgL-1 of H2O2 and initial pH=2.5. The actual
degradation ratio of DMP could reach 90% under
that condition. Apart from the discussing of the
relative mechanism, the recyclability of Fe-D was
also evaluated.

KEYWORDS:
Fe-D, photo-Fenton process, DMP, RSM, CCD, optimal
condition

INTRODUCTION
Phthalic acid esters (PAEs) are mainly utilized
in the manufacturing operation of plastic products
and polyvinylchloride (PVC) resins as plasticizer [1,
2]. About 6 million tons of PAEs is consumed
globally every year [3], a part of which are released
into nature during the producing or consuming
PAEs-containing materials. The presence of them is
detected in soil, air, sediments and water [4-6]. The
pollution of PAEs has multiple and serious effect on
natural creatures. Numerous epidemiological and
toxicological studies have indicated that PAEs can
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used to irradiate the solution. The degradation ratio
of DMP was measured at 120 minutes after the
processes started.

to its decomposition when exposed to OH .
Inorganic supports that have high specific surface
area and can¶t be decomposed by 2+Ȉ would be
preferable.
³OQH IDFWRU DW D WLPH´ DSSURDFK is used
conventionally in many wastewater treatment [20],
but this approach fail to consider the possible
mutual-relationships between important variables.
Considering the interaction effect between different
variables, response surface methodology (RSM) is
efficient enough to reveal the influence of several
explanatory variables on one or more response
variables. To fully explore the effect of initial pH, the
concentration of H2O2 and Fe-D dosage on the
degradation of DMP, response surface methodology
(RSM) is applied.
In this paper, diatomite-supported Į-Fe2O3 (FeD), in which diatomite used as the support, was
introduced into photo-Fenton process. DMP, one
representative of PAEs, was employed as the target
pollutant in aqueous solution. All experiments were
proceeded under ultraviolet light (Ȝ=254nm) and
several important parameters such as initial pH, the
concentration of H2O2, Fe-D dosage were also
considered. To optimize the photo-Fenton treatment
for DMP, response surface methodology (RSM) and
central composite design (CCD) were used.

FIGURE 1
Schematic illustration of the experimental setup.
Analytical methods. The pH of solution was
measured by Mettler-Toledo FE20 pH meter
(Mettler-Toledo Instruments Co., Ltd., Shanghai).
DMP was quantified by high performance liquid
chromatography
(LC-20AT/SPD-M20,
SHIMADZU, Japan). The column temperature was
maintained at 30ć, and keeping the sample loop
volume at 20ȝ/ 7KH FRQFHQWUDWLRQ RI '03 ZDV
determined by HPLC with the detection wavelength
of 276 nm, which is the maximum adsorption of
DMP. A mixture of acetonitrile and water at a ratio
of 50:50 (v/v) at a flow rate of 1.0 mLgmin-1 was
used as the mobile phase. Before taking HLCP test,
the sample removed from photo-reactor was
quenched with HLCP-grade methanol to prevent
further degradation.

MATERIALS AND METHODS
Chemicals. Methanol (MeOH) and acetonitrile
(MeCN) purchased from Sigma-Aldrich for
chromatographic analysis are spectrum pure. The
diatomite used in this study comes from Aladdin
Industrial
Corporation,
Shanghai,
China.
FeSO4+2O, 1,10-phenanthroline and Dimethyl
phthalate (DMP), H2O2 (30% w/v), H2SO4, NaOH
are of E. Merck, A.R. grade. Deionized water is used
in all experiments.

The selection of actual values of variable
levels for central composite design (CCD). The
performance of photo-Fenton process is closely
related to the dosage of Fe-D, H2O2 concentration
and pH of the experimental solution. A series of
experiments were carried out at different initial pH
from 2.0 to 6.0 while the amount of Fe-D added to
the solution at the beginning of corresponding
experiments and the initial concentration of H2O2
were kept at 0.5 g g L-1 and 1.0 mmol g L-1,
respectively. As shown in Fig. 2a, the degradation
ratio of DMP increases initially and then decreases
with the increasing values of the pH. Supposing that
either lower or higher pH of the solution will make a
range of iron complexes formed [12]. Thus, 2.0 and
4.0 were chosen as the low and high level of pH,
respectively.
1.0 mmolgL-1 of H2O2 and initial pH=3 were
utilized to determine the levels of Fe-D dosage. As
shown in Fig. 2b, with the increasing dosage of Fe-

Preparation of Fe-D. To 500ml of deionized
water, FeSO4+2O (14g, 0.05mol) and diatomite
(20 g) were added. The mixture was stirring for 2
hours under N2 atmosphere. Bubbling air, NaOH
solution (0.5 molgL-1, 50ml) was added to get the
precipitation at 80ć. Cooling to room temperature
and aging for 24 hours, the heterogeneous solution
was filtrated, then. The filter residue was calcined to
400ć for 4h to get the Fe-D.
Experimental procedure. As shown in Fig. 1,
all experiments were conducted in a photo-reactor
(1000mL) in the dark. The initial concentration of
DMP was kept at 50mmol g L-1 in all following
experiments. A Heraeus UV Hg immersed lamp
GPH842T5L/4 emitting a monochromatic radiation
at 254 nm and with a nominal output of 15W was
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Keeping the initial pH=3.0 and the dosage of
Fe-D at 0.5 ggL-1, experiments were proceeded with
H2O2 concentration from 0 to 2.0 mmol g L-1.
According to Fig. 2c, the degradation ratio of DMP
rises at first, and then falls with the increasing
concentration of H2O2. This trend could be induced
by the role of H2O2 which will become hydroxyl
radical scavenger when the concentration of H2O2 is
too high. Therefore, 0.5 mmolgL-1 and 1.5 mmolgL1
of H2O2 were chosen as the low level and high level,
respectively.

D, the degradation ratio of DMP ascends to a
constant value. This trend is totally different from the
results got from other Fenton processes using Fe2+ as
catalyst [21]. That could be explained by the
supposed mechanism of photo-Fenton discussed
ODWHU LQ WKLV SDSHU +HQFH  J/-1DQG  J/-1of
Fe-D were chosen as the low and high level of pH,
respectively.

Central composite design (CCD). In order to
investigate the effect of the three independent
variables, namely, initial pH of solution ( 1), Fe-D
dosage ( 2) and H2O2 ( 3) on the degradation of
DMP, the central composite design (CCD) is applied
and the appropriate second order polynomial
multiple regression equation with actual factors is
built:







ȽȽȽȽȽȽȽ
ȽȽȽ

The y represents the degradation ratio of DMP at
120th minute. Į0 is the intercept term. Į1, Į2 and Į3
are linear coefficient that determines the influence of
independent variables 1, 2 and 3 in the response,
respectively. Į12, Į13 and Į23 are interaction
coefficients that refer to the interaction effect among
variables. Į11, Į22 and Į33 are quadratic coefficients
that can be regarded as curve shape parameters.
The actual values of variable levels were
selected based on the results provided above. Based
on the regressive rotation design, one approach of
central composite design, levels of the independent
variables for the central composite design (CCD)
were given in Table 1. Twenty required experiments
were carried out and the experimental results were
presented in Table 27KH³'HVLJQH[SHUW´VRIWZDUH
(version 8.0) was used for regression analysis.

 



TABLE 1
Levels of the independent variables for central
composite design.
Coded levels

FIGURE 2
(a) Effect of initial pH on the degradation of
DMP; (b) effect of Fe-D dosage on the
degradation of DMP; (c) effect of H2O2
concentration on the degradation of DMP.
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following equations were used:
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Characterization of Fe-D (diatomitesupported Į-Fe2O3). The structure and morphology

RESULTS AND DISCUSSION

1479


Variable

Volume 26 ± No. 2a/2017, pages 1477-1484

© by PSP

Fresenius Environmental Bulletin

of Fe-D were determined by X-ray diffraction (XRD,
Bruker, D8-$GYDQFHN9DQGP$&X.Į and
scanning electron microscopy (SEM, JSM-6330F,
Japan electron optics laboratory CO., LTD).
According to ISO 6332 with 1,10-phenanthroline,
the uptake of iron (Fe3+) on Fe-D is 5.8%. As shown
in Fig. 3a, Į-Fe2O3 particles are distributing on
diatomite. As is shown in Fig. 3b, the diffraction
peaks including (012), (104), (110), (113), (024),
(116), (018), (214), (300), (119) and (220) are
assigned to Į-Fe2O3, which are consistent with the
value in the standard card (JCPDS No.33-0664). In
order to evaluate the separate ability of Fe-D, the
corresponding control experiment with unsupported
Fe2O3 was conducted. 1.0 gL-1 of Fe-D and
unsupported Fe2O3 were added into two different
colorimetric cylinders, respectively. Having been
shaking for 2 minutes, the suspension of Fe-D
powder was nearly clear DIWHUPLQXWHV¶VWDQGLQJ,
while the suspension of the un-supported Fe2O3 was
still turbid, as shown in Fig. 3c. That indicates that
the Fe-D can be separated and re-collected easily.
TABLE 2
The detail of experimental response and design
of CCD with coded values.
Variable levels/coded
values
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

pH
(ܺଵ )
-1
1
-1
1
-1
1
-1
1
1.68
1.68
0
0
0
0
0
0
0
0
0
0

Degradation ratio/%
(y)

Fe-D
dosag
e/g·L-1
(ܺଶ )

H2O2
/mM
(ܺଷ )

Observe
d

Predicted

-1
-1
1
1
-1
-1
1
1

-1
-1
-1
-1
1
1
1
1

80.23
69.96
70.15
59.98
30.05
19.87
90
84.62

77.35
69.18
72.49
66.77
25.57
19.83
93.09
89.80

0

0

80

82.26

0
-1.68
1.68
0
0
0
0
0
0
0
0

0
0
0
-1.68
1.68
0
0
0
0
0
0

78.13
19.83
89.79
80.17
54.98
85
89.49
79.03
86.98
88.6
88

72.61
25.80
80.55
78.03
53.86
86.28
86.28
86.28
86.28
86.28
86.28

FIGURE 3
(a) SEM of Fe-D before photo-Fenton reaction;
(b) XRD of Fe-D; (c) disposal evaluation of Fe-D.
Model evaluation according to analysis of
variance (ANOVA) and data analysis. Based on
the results as presented in Table 2, RSM models of
second order polynomial multiple regression
equation (final equation in terms of actual factors)
was determined as follows:










=45.38+15.89 1+67.23 2-29.25 3-3.13 12
-73.13 22-28.75 32+90.48 2 3
Equation(1)





Final equation in terms of Coded Factors:
=86.28-2.871+16.282-7.193-3.1312
-11.7022-7.1932+18.1023
Equation(2)
The relative contribution of the three variables
to the degradation ratio of DMP (y) was directly
measured by the respective coefficient in the fitted
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for all values of the response, as shown in Fig. 4b. In
Figure 4c, all points are distributing relatively near
to the regression, indicating that the predicted values
of degradation ratio are in good agreement with the
experimental ones.

model. As indicated in Table 3, analysis of variance
(ANOVA) of this model was given. The model ³Fvalue´ of 45.84 implies the model is significant.
Values RI³3URE-)´ less than 0.0500 indicate model
terms are significant. Values greater than 0.1000
indicate the model terms are not significant. The
YDOXH RI ³3URE-)´ LQ WKLV PRGHO LV IDU OHVV WKDQ
0.0001 (<0.0001), implying the terms in this model
are significant 7KH ³/DFN RI )LW )-YDOXH´ RI 
implies the ³Lack of Fit´ is not significant relative to
WKHSXUHHUURU7KHUHLVDFKDQFHWKDWD³/DFN
of Fit F-YDOXH´of that large could occur due to noise.
TABLE 3
ANOVA for response surface reduced
quadratic model.
FProb-F
Source
value
model
45.84 <0.0001
Significant
Lack of
Not
3.81
0.1390
Fit
significant
According to Table 4, the value RI³5-6TXDUHG´
and ³$GM 5-6TXDUHG´ are 0.9639 and 0.9429,
respectively, which indicate that the quadratic model
have a satisfactory adjustment with experimental
data. The ³&9´(coefficient of variance) is used to
measure the reproducibility of the model. In general,
a model can be considered reasonably reproducible
if the value of ³C.V.´ is not bigger than 10% [22].
³$GHT3UHFLVLRQ´PHDVXUHVWKHVLgnal to noise ratio.
A ratio greater than 4 is desirable. The ratio of 21.544
indicates an adequate signal. This model can be used
to navigate the design space. The value of ³6WG
'HY´  and ³3UHVV´ 1523.13) also illustrate that
the quadratic model is reliable.
TABLE 4
Statistic summary of this quadratic model.
Variable of model
R-Squared
Adj. R-Squared
Std. Dev.
C.V. (Coefficient of variance) / %
Adeq. precision
Press

Values
0.9639
0.9429
5.47
7.67
21.544
1523.13
FIGURE 4
(a) Normal % probability vs. internally
studentized residuals for the degradation of DMP;
(b) internally studentized residuals vs. predicted
value plot; (c) predicted vs. actual plot for
degradation efficiency.

In order to further ensure the model is adequate
enough to provide a relatively satisfactory
conclusion, the Normal probability plot (Fig. 4a),
internally studentized residuals versus predicted
value plot (Fig. 4b) and predicted values of
degradation ratio vs. experimental points plot (Fig.
4c) were given. According to Fig. 4a, the linear shape
plot indicates that the residuals follow a normal
distribution and there is no need for transformation
of response. The random scatter of residues suggests
that the variance of original observation is constant

Optimization of DMP degradation. Based on
the RSM Equation (2), the corresponding response
surface plots are presented. When the pH of solution
is 4, the dependence of the DMP removal on H2O2
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reused Fe-D after 5 times reuse.

concentration and Fe-D dosage is shown in Fig. 5.
The H2O2 concentration and Fe-D dosage have a
complicated influence on the degradation efficiency.
Keeping Fe-D dosage at the low level ( ܺଶ ൌ
െͳǡ ݔଶ ൌ ͲǤͶ݈݉݉Ȁ)ܮ, the degradation efficiency
has a curvature relationship with H2O2 concentration,
which could be explained by the role of H2O2. H2O2
will become hydroxyl radical scavenger when its
concentration is too high. However, when the level
of Fe-D dosage kept at the high level (ܺଶ ൌ ͳǡ ݔଶ ൌ
ͳǤʹ݈݉݉Ȁ)ܮ, the degradation efficiency rises as the
increasing H2O2 concentration. This trend could be
ascribed to the presence of abundant OH according
to Reaction (3).

Supposed mechanism of photo-Fenton
process. In acid solution, Į-Fe2O3 on the surface of
diatomite, at first, transforms into Fe3+. Fe3+ is
reduced to Fe2+ under the irradiation of ultraviolet
light (Ȝ=254nm) (Reaction 2). Abundant OH is
produced from H2O2 in the presence of Fe2+ and react
with DMP on the surface of Fe-D (Reaction 4).

FIGURE 6
Bar charts of the degradation ratio of DMP vs.
reused times of Fe-D.
All reactions are closely linked with the specific
surface area of Fe-D. Reaction (5) and Reaction (6)
might happen during this process. Rather from the
additive including Fe2+, Fe2+ is derived from Fe-D,
which will inhibit the reaction (5) even though the
Fe-D dosage is too high.

FIGURE 5
The dependence of DMP removal on H2O2
concentration and Fe-D dosage.
TABLE 5
Ten theoretical solutions for DMP treatment.
Number

pH
(ݔଵ)

FeD/dosage/g·L-1
(ݔଶ)

H2O2/mM
(ݔଷ)

Degradation
ratio/%
(y)

1
2
3
4
5
6
7
8
9
10

2.54
2.55
2.54
2.56
2.56
2.57
2.47
2.53
2.49
2.00

1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20
1.20

1.38
1.38
1.39
1.37
1.39
1.39
1.38
1.37
1.33
1.46

95.6479
95.6474
95.6468
95.6459
95.6455
95.6408
95.6336
95.6098
95.5634
94.551

CONCLUSIONS
Used as the iron source, diatomite-VXSSRUWHGĮFe2O3 (Fe-D) was prepared successfully. The
ultraviolet light (Ȝ=254nm) was introduced into
photo-Fenton process, and the performance of it for
degrading DMP was evaluated. The relative
contribution of important parameters such as the
initial pH, H2O2 concentration and Fe-dosage to the
degradation of DMP was investigated through
response surface methodology (RSM). The optimal
condition for treatment of DMP was determined.
Keeping initial pH=2.5, the dosage of Fe-D powder
at 1.2 g·L-1 and the concentration of H2O2 at 1.38
mmol·L-1, the degradation ratio of DMP could reach
to the maximum. When the initial concentration of

Based on Equation (1), ten solutions are found
(Table 5). The initial pH=2.5, 1.20 ggL-1 of Fe-D and
1.38 mmol g L-1 of H2O2 are required when the
degradation ratio of DMP reach to the maximum.
Under the condition provided above, ten or more
photo-Fenton experiments were conducted and the
recyclability of Fe-D was evaluated concomitantly.
The actual degradation ratio of DMP can reach to
90%. Followed by drying and reusing in the next run,
the used Fe-D was collected and washed with
deionized water after each run. As is shown in Fig. 6,
degradation ratio of DMP will decrease to 40% with
1482




© by PSP

Volume 26 ± No. 2a/2017, pages 1477-1484

DMP is 50 mmol·L-1, the degradation ratio could
reach to 90% after 120 minutes. With high
recyclability, Fe-D could be reused for over 5 times.
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ABSTRACT
Reactive oxygen and nitrogen species (ROS,
RNS) have been normally produced in living
biological systems in balance with biochemical
antioxidants. Some of them have been found to be
physiologically very useful, but they could also
cause damage under certain circumstances. Excess
production ROS and RNS, their generating
in inappropriate relative amounts or deficiencies in
antioxidant defenses might result in pathological
stress to cells and tissues. Therapeutic effects of ȕ1-adrenoceptor antagonists (ȕ1-AdrAs) have been
well-founded by their ability to block ȕ1-adrenergic
receptors. In addition, some of beneficial
cardiovascular effects shown by those class of the
compounds have already been connected with the
antioxidant properties that some of them have
shown. Considering mentioned, the potential of
prospective ȕ1-AdrAs, phenylcarbamic acid esters
containing a 4´-(pyrimidin-2´-yl)piperazin-1´-yl
fragment, to reduce a 2,2-diphenyl-1-picrylhydrazyl
UDGLFDO
'33+  DSSO\LQJ the
UV/VIS
spectrophotometry and to scavenge peroxynitrite
ions (ONOO±) by the HPLC method, has been
investigated in vitro. Current research has revealed
that those derivatives could be promising especially
as the scavengers of the ONOO± ions. The paper
has been focused on the alternatives in what kind of
chemical pathways those compounds could play
their health-EHQH¿FLDO UROHV. In addition, the
investigation in silico of the molecules by
employing calculated log P (CLOGP 4.0) and
topological polar surface area (TPSA) outputs has
predicted their favorable toxicological profile.
Furthermore, when focusing on those compounds as
non-antibiotic antimicrobials, a moderate capability
to scavenge the ONOO± ions could be considered
one of the reasons why the substances could not
apparently been effective agents against some
mycobacterial strains.

INTRODUCTION
Chronic diseases (ChDs) are regarded as the
most serious public health burden that the world
faces today. Among these ChDs, cardiovascular
diseases (CVDs) and cancer are the most important
[1]. Based on the ÄIUHHUDGLFDOWKHRU\³RIa disease,
researchers have been trying to elucidate the role
of oxidative stress from free radicals in the CVDs.
Reactive oxygen and nitrogen species (ROS/RNS)
participate in physiological processes in a carefully
regulated manner, they are essential for humans to
maintain homeostasis and health [2, 3]. On the other
hand, considerable data have indicated that
uncontrolled and excess ROS and RNS, as highly
reactive and cytotoxic molecules, together with
oxidative stress and vascular inflammation have
been implicated in a pathogenesis of the CVDs
including atherosclerosis, hypertension and
a congestive heart failure [3-5]. From the viewpoint
of a non-pharmacological therapy of CVDs, a large
and growing body of evidence has demonstrated
that regular aerobic-anaerobic physical activities
have certainly provided numerous health benefits
regarding the changes in cardiovascular system, i.e.
physiological cardiac remodelling, and the
improvements in a functional ability [6-8]. Besides,
it was highly probable that a physical training could
via adaptation enhance antioxidant enyzmes which
have shown the capability to scavenge ROS [9].
Although a treatment with antioxidants such as
vitamins C and E, or in combinations has been
found to be effective in pre-clinical experimental
models of hypertension and in small clinical studies,
data from large clinical trials have been quite
disappointing. Rather, substances such as statins,
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any of those prospective ȕ1-AdrAs 1±4 could be
potential antioxidants, namely their capability to
reduce stable 2,2-diphenyl-1-picrylhydrazyl radical
'33+  E\ applying UV/VIS spectrophotometry
and to scavenge peroxynitrite ions (ONOO±) using
a HPLC method; (ii) reveal some structural,
electronic and physicochemical features of those
substances which might appear to be essential in
terms of the impact on their potency in vitro and
toxicity assessment under in vivo conditions;
(iii) contribute to the knowledge about possible
mechanisms of the nitration process involved by
an interaction of tested compounds with the ONOO±
ions; (iv) consider antioxidant efficiency in vitro
of screened derivatives in the connection with their
other biological (antimicrobial) activities.

angiotensin-converting enzyme inhibitors, or AT 1-receptor blockers, which have possessed indirect
antioxidant properties, have been shown to improve
vascular function in those studies and reduce the
incidence of cardiovascular events in patients with
the CVDs [10, 11].
Similarly, the use of ȕ1-adrenoceptors
antagonists (ȕ1-AdrAs), which have shown a notable
antioxidant potential, could be very beneficial. For
example, in vitro investigation of a lipophilic, non-selective third-generation ȕ-AdrA carvedilol
(Figure 1) has indicated given compound as
approximately 10-fold more potent antioxidant than
vitamin E. In addition, several metabolites of
carvedilol have been considered extremely strong
antioxidants, being 30- to 80-fold more efficient
than carvedilol and up to 1000-fold more potent
than vitamin E [12-14].
Substituted
phenylcarbamic
acid-based
compounds under current study 1±4 have shown
a notable structural similarity to those molecules
which belong to the class of ȕ1-AdrAs. Particularly,
the substances 1±4 have contained (i) a lipophilic
alkoxy substituted aromatic ring, (ii) an etheric
bridge attached to (iii) a 2-hydroxypropane-1,3-diyl
connecting chain and (iv) a salt forming N-arylpiperazine group, as can be seen in Figure 1.
The goal of current research was to (i)
investigate under the conditions in vitro, whether

MATERIAL AND METHODS
Synthesis of the Compounds under the
Study. The evaluated molecules 1±4 (Figure 1),
chemically 1-[3-(2-/3-alkoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(pyrimidin-2-yl)piperazin-1-ium chlorides (where alkoxy=methoxy or ethoxy)
were prepared at the Department of Pharmaceutical
Chemistry, Faculty of Pharmacy, Comenius
University in Bratislava, Slovak Republic.

FIGURE 1
Chemical structure of carvedilol and the phenylcarbamic acid derivatives
under the study.
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dissolved in HClO4 (c=0.5 mol·L±1) and NaNO2
(c=0.5 mol·L±1) in water (10 mL each) were precooled to -2 °C and rapidly mixed. The reaction was
quenched immediately by an addition of 5 mL cold
NaOH (c=3.5 mol·L±1). Unreacted H2O2 was
removed by a treatment with an excess of MnO2 and
the solution was filtered. The concentration of the
ONOO
ions
was
determined
spectrophotometrically in an alkaline solution using
H302=1670 L·mol1·cm1. The stock solutions were
stored frozen at -80 °C for several months without
noticeable decomposition.
7KH YROXPH RI  ȝ/ RI the prepared
peroxynitrite solution (c=15 mmol·L±1) in NaOH
(c=50 mmol·L±1) was drawn and rapidly mixed in
the injector of a HPLC autosampler with 42 ȝ/ RI
a tyrosine solution (c=1.0 mmol·L±1) in 80 mmol·L±
1
KH2PO4±Na2HPO4 buffer (pH=6.0) containing
0.25 mmol·L±1 of a tested compound and ethylene
glycol monomethyl ether (in a 1:1 ratio with water
solution).

Their synthesis, spectral data, biological
(antimicrobial) activities and some of their drug-like
parameters have been published in the paper [15].
Other compounds, which have been used in
carried in vitro experiments, were purchased:
tyrosine (BDH Chemicals, United Kingdom), 3-nitrotyrosine (Sigma-Aldrich, Germany), carvedilol
(Sigma-Aldrich, Germany) and Trolox, chemically
(±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Fluka Chemie, Switzerland). All these
chemicals were of an analytical grade.
Diphenyl-1-picrylhydrazyl (DPPH) Radical
Reduction Assay. Free radical reduction ability of
tested compounds was determined with the DPPH
assay. It has been a valid accurate, economic and
widely used method to measure the ability
of compounds to act as free radical scavengers or
hydrogen donors. The procedure employed was
described in the research article of Malík et al. [16].
The solution (200 μL) of a particular compound
dissolved in ethylene glycol monomethyl ether
(c=0.1 mg·mL±1) was made up to 2.0 mL with
a methanolic solution of DPPH (c=0.1 mmol·L±1)
with a strong visible absorption. The '33+ KDV
been characterized as a stable free radical [17] by
virtue of the delocalisation of the spare electron
over the molecule as a whole, so that the molecule
has not been able to dimerise, like most other free
radicals. After 5 min, the absorbance value was
measured at the absorption band of 517 nm using
the UV/VIS spectrophotometer HP 8453 (Hewlett
Packard, USA). The decrease in absorbance of
respected DPPH solution has indicated the increase
LQ'33+UDGLFDO '33+ VFDYHQJLQJHIIHFW>17].
:KLOH '33+ FRXOG DFFHSW DQ HOHFWURQ RU
a hydrogen radical to become a stable diamagnetic
compound, it could be oxidized only with difficulty,
and then irreversibly.
The rHGXFWLRQ RI '33+ ZDV FDOFXODWHG
relatively to the measured absorbance of a control
as means ± standard deviation (SD) of three parallel
measurements according to the equation given
below:

% DPPH

Fresenius Environmental Bulletin

Peroxynitrite Scavenging Assay Using
HPLC System. The reaction mixture was directly
injected into the HPLC system HP 1100 with
an autosampler, a quaternary pump and a diode-array detector (Agilent Technologies, USA). The
separation was carried out with the Supelcosil
ABZ + Plus column (250 × 4.6 mm, 5 ȝP SDUWLFOH
size; Supelco, USA), a column temperature was set
to 25 °C, a mobile phase consisted of 90 %
HCOOH (c=40 mmol·L±1) and 10 % CH3CN (v/v)
at a flow rate of 1 mL·min±1. Chromatograms were
detected at the wavelength of 276 ± 20 nm against
a reference wavelength of 600 ± 100 nm.
The activity of inspected compounds was
calculated relative to the measured 3-nitrotyrosine
peak area of the control as means ± standard
deviation (SD) of three parallel measurements
according to the equation:

% INH

§ AUCsample ·
¸ u100
¨1 
¸
¨ AUC
control ¹
©

where: %INH ± the percentage of an inhibition
of a tyrosine nitration; AUCsample ± the area under a
curve of a 3-nitrotyrosine peak; AUCcontrol ± the area
under a curve of a 3-nitrotyrosine peak in a control
measurement.
The percentage of an inhibition of a tyrosine
nitration was compared to that of cavedilol and
Trolox, respectively.
The values of Trolox Equivalent Antioxidant
Capacity (TEAC) were calculated (i) to minimize
external factors that could influence the
experimental results obtained and (ii) to compare
more precisely the efficiency of currently and
previously tested derivatives. The TEAC outputs
were considered the ratio of the percentage of
an inhibition of a tyrosine nitration by respected

§ Asample ·
¸ u 100
¨1 
¸
¨ A
control
¹
©

where: %DPPH ± the percentage of the DPPH
reduction; Asample ± the absorbance at 517 nm;
Acontrol ± the absorbance at 517 nm in a control
measurement.
The percentage of the DPPH reduction was
related to that of the carvedilol and Trolox
standards, respectively.
Peroxynitrite
Scavenging
Potential.
Preparation of Solutions. A peroxynitrite solution
was prepared by applying of a previously published
method [18]. Aliquots of H2O2 (c=0.6 mol·L±1)
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transport properties. The calculation of PSA has
been, however, rather time-consuming because of
the necessity to generate a reasonable 3D molecular
geometry and the calculation of the surface itself.
The calculation of TPSA, i.e. topological polar
surface area, has provided results which could be
practically identical with the 3D PSA data [22]. The
TPSAs have been calculated for non-protonated
forms of the compounds 1±4.

Predition of Physicochemical Properties In
Silico. Lipophilicity Prediction. The values of
logarithm of a partition coefficient related to
inspected derivatives 1±4 and to the standards were
predicted in silico for octan-1-ol/water partitioning
system (log Ps) a) applying the ALOGPS 2.1
method (Table 1), as an integral procedure
of Virtual Computational Chemistry Laboratory
applet [19] which has been based on a whole
molecule approach with the application of
Associative Neural Networks for the prediction [20]
as well as b) by a fragmental CLOGP 4.0 method
[21], an interactive tool of the ChemBioDraw Ultra
12 software package (CambridgeSoft, USA). The
solvation forces which determine the equilibrium of
a solute between water and a non-polar solvent,
such as octan-1-ol, could not be assigned on an
atom-by-atom basis in the solute structure. The
implemented program CLOGP 4.0 has defined the
hydrophobic hydrocarbon portions of any structure
in such a way that the remaining polar fragments
were unambiguously defined and of a manageable
size. Early versions have required that each polar
fragment thus defined be present in a measured
solute before it could be used in calculations of
log Poct, but in version 4.0 or higher, these could be
calculated ab initio [21].
The evaluated substances 1±4 were calculated
in a non-protonated form as bases (Table 1). In
addition, both interactive applets could not be able
to take into account sterochemical aspects of all the
molecules under the study.

RESULTS AND DISCUSSION
In the current research, both antioxidant tests
in vitro, i.e. the DPPH radical reduction assay and
the peroxynitrite scavenging evaluation (Table 1),
were used to explore (i) the differences in the
potency of the 2-alkoxy substituted compounds 1
and 2 and their positional 3-alkoxy substituted
isomers 3 and 4, respectively. (ii) Some structural,
electronic and physicochemical properies of those
substances which might be crucial for their potency
in vitro, with regard to the antioxidant profiles of
the derivatives containing the 4´-(4´-fluorophenyl)piperazin-1´-yl or 4´-(3´-trifluorophenyl)piperazin-1´-yl fragment, respectively [16, 23]. It
has been essential, in order to minimise expensive
drug failures due to a toxicity being found in a late
development or even in clinical trials, to determine
potential toxicity problems as early as possible. In
that context, the study would provide a toxicity
assessment in silico which could take relationship to
a toxicity profile of the inspected derivatives under
in vivo conditions. (ii) Current understanding
of biology and chemistry of a peroxynitrite provides
an essential framework to understand the molecular
mechanisms of oxidant-mediated cell and tissue
injury in ROS producing systems. Keeping this in
mind, the research has been focused on possible
mechanisms of the nitration process involved by
an interaction of tested compounds with the ONOO±
ions.

Topological Polar surface Area Values
Prediction. Topological polar surface area readouts
(TPSA), were calculated in silico by using an
interactive
applet
of
the
Molinspiration
Cheminformatics software tool (Molinspiration
Cheminformatics, Slovak Republic). The PSA, i.e.
surface belonging to polar atoms, has been
a decriptor that was shown to correlate well with
a passive molecular transport through membranes
and, therefore, has allowed a prediction of drugs´

TABLE 1
The potential of evaluated compounds 1±4 to reduce the DPPH radicals (%DPPH) and to protect tyrosine
from a peroxynitrite mediated nitration (%INH) as well as their predicted values of lipophilicity (log P)
using the ALOGPS 2.1 and CLOGP 4.0 methods.
log P
log P
Entry
%DPPH
%INH
ALOGPS 2.1
CLOGP 4.0
1
0.58
1.32
1.9r0.2
7.7r0.3
2
1.00
1.85
2.0r0.2
9.0r0.2
3
0.60
1.32
0.8r0.2
7.5r0.2
4
1.01
1.85
0.7r0.2
8.2r0.2
Carvedilol
3.05
4.04
15.4r0.2
0.7r0.3
Trolox
2.75
3.01
94.7r0.3
47.1r0.3
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well as for its antioxidant properties), as indicated
in Figure 1.
It should be stated that the intent to
experimentally estimate the log Ps by a classical
shake-flask method in the octan-1-ol/buffer
partitioning system has been failed to realize due to
insolubility of tested compounds in a buffer medium
(pH=7.4). Acquired results have pointed that
a FHUWDLQ ÄUHTXLVLWH³ GHJUHH RI OLSRSKLOLFLW\ FRXOG
be important, but it was not clear if a principal
factor for the abilities of studied alkoxyphenylFDUEDPLFDFLGHVWHUVWRUHGXFH'33+
Under the experimental conditions used, the
addition of evaluated derivatives 1±4 has
moderately protected tyrosine from a peroxynitrite
mediated nitration. That fact has been indicated by
positive values of %INH (Table 1). The readouts
have been in the range from 7.5r0.2 (compound 3)
to 9.0r0.2 (compound 2). As indicated, the 2-alkoxy substituted substances have been more potent
than their 3-positional isomers. Furthermore, the
increase in lipophilicity has resulted in a slight
increase in the effectiveness (Table 1).
The study [23] has concluded that the
derivatives carrying a 4´-(4´-fluorophenyl)piperazin-1´-yl moiety have even catalyzed the nitration
process regardless of the position of an alkoxy side
chain attached to their lipophilic part, as the %INHs
from -10.9r0.3 to -6.2r0.2 have indicated. The
modification in a salt forming fragment, namely 4´-(3´-trifluoromethylphenyl)piperazin-1´-yl has been
attached to, has led to positive values of the %INH,
from 1.0r0.3 to 2.6r0.4 [23]. The TEAC outputs
have been used to rank the antioxidants and for
more accurate view on the structure±activity
relationships as well. The most active derivative
containing both 3-methoxy and 4´-(3´-trifluoromethylphenyl)piperazin-1´-yl group [23] has shown
TEAC=0.05, for presently inspected substance 2,
TEAC=0.19 has been calculated. According to the
current estimations, the TEAC=0.01 readout has
been assigned to carvedilol.
Following the conclusions from the papers [26,
27], the presence of pyrimidin-2-yl in the chemical
structure of the compounds 1±4 would be favorable
in terms of their toxicological profile due to a probable formation of 1-(pyrimidin-2-yl)piperazine,
a biologically active metabolite, which has been
converted to a non-toxic 1-(5-hydroxypyrimidin-2-yl)piperazine in human liver microsomes.
In addition, computational profiling tools for
predicting toxicity (in silico techniques) have been
envisaged for their potential to considerably impact
the attrition rate of compounds in drug discovery
and development. These techniques could be used
in a very early phase of drug discovery even before
the molecule has been synthesized. The TPSAs [22]
have provided the strongest, most consistent
correlation of compound´s physicochemical

(iv) N-Arylpiperazines have been very perspective
molecular scaffolds with versatile binding
properties, such that a single scaffold has been able
to provide very potent and selective ligands for a
range of different biological targets through
a modification of functional groups [24]. In the light
of structure±activity relationships studies, the
research has considered antioxidant efficiency
in vitro of those molecules 1±4 in a connection with
possible impacts on their another biological
(antimicrobial) activities.
Presently summarized results have revealed
(Table 1) that 2-alkoxy substituted molecules have
EHHQ VOLJKWO\ PRUH HIIHFWLYH UHGXFWDQWV RI '33+
than the 3-alkoxy substituted ones. Given statement
has been fully in the line with the conclusions of the
research [23]. It could be assumed that the
introduction of a 2-alkoxy side chain has resulted in
the increase in an electron density of a phenyl ring
due to a positive mesomeric effect. Furthermore, the
presence of thus substituent has led to the formation
of an intramolecular hydrogen bond between N±H
group of the carbamoyloxy fragment and the oxygen
atom of concerned side chain. The consequence of
that process has been the creation of a virtual five-membered ring, as drawn in a research paper [16].
All these intramolecular interactions have supported
the forming of the regions of negative electrostatic
potentials which could serve as an electron-donating
site. Similar (identical) interaction of the 2-alkoxy
group with the N±H one was proven by a single-crystal X-ray study of N-(4-amino-2-methoxyphenyl)acetamide [25], for example.
Hypothetically, considered hydrogen bond
might oppose the activating electronic influence of
a 2-alkoxy moiety (a stabilization of the radical) and
could slightly decrease the reactivity of currently
investigated 2-alkoxy positional isomers compared
WRWKHÄK\SRWKHWLFDO³-alkoxy substituted ones.
In addition, slight increase in lipophilicity has
meant practically no effect in the light of
observed %DPPH readouts. The compound 2 has
been
regarded
as
the
most
promising
with %DPPH=2.0r0.2, on the other hand, applied
standards carvedilol (%DPPH=15.4r0.2) and
Trolox (%DPPH=94.7r0.2) have been more
efficient (Table 1).
Following the predicted readouts of log P
by the ALOGPS 2.1 and CLOGP 4.0 methods, both
standards used were more lipophilic than the
substances 1±4. As listed (Table 1), the values of
log P (ALOGPS 2.1)=3.05 and log P (CLOGP
4.0)=4.04 have been assigned to carvedilol. Trolox
has been regarded as slightly less lipophilic,
compared
to
carvedilol,
with
log P
(ALOGPS 2.1)=2.75 and log P (CLOGP 4.0)=3.01,
respectively. From a structural point of view, the
carbazol-9H-yl fragment of carvedilol has been
mainly responsible for its improved lipophilicity (as
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descriptors to an incidence of adverse toxicological
outcomes. An increased incidence has been found
for the molecules with a low polar surface area
which has been consistent with their ability to cross
biological membranes and distribute widely into
tissue compartments [28]. The calculations in silico
have provided the value of TPSA=100.05 for all the
compounds 1±4.
Another descriptor, that has shown a consistent
link with adverse outcomes, has been CLOGP.
Higher CLOGP compounds have had a greater
incidence of adverse outcomes relative to the lower
CLOGP ones [28]. Reduced risk of in vivo toxicity
has been based on low CLOGP (less than 3) and
high TPSA (more than 75). The derivatives with low
CLOGP/high TPSA have been approximately 2.5
times more likely to be clean as to be toxic, whereas
precisely the reverse has held when both risk factors
have been present: high CLOGP/low TPSA [28].
Legislative complexity connected with
preliminary proceedings and a realization of
pharmacological experiments focused on the
capacities of inspected derivatives 1±4 to influence
the functions of cardiovascular system has not
allowed to the authors of current research, in an
intensive cooperation with partner departments, to
perform pharmacological experiments in an
intended scope. It could be suggested that a
moderate capability to scavenge ONOO± anions and
favorable toxicological profile of those substances
predicted in silico could contribute to the relevance
of further ȕ1-adrenolytic efficiency exploration.
Surprisingly, both standards could be in silico
evaluated as a slightly risky only when taking into a
condideration their CLOGP and TPSA outputs
calculated by the Molinspiration interactive applet;
TPSA=75.75 for carvedilol and TPSA=66.76 for
Trolox, respectively.
Both atoms of nitrogen have shown the ability
to polarize the ʌ-electron system of pyrimidin-2-yl,
resulting in a slightly decreased electron density on
the ring carbons [29]. According to the calculation
of various aromaticity indices, Calaminici et al. [30]
have clearly indicated that the aromaticity of
a pyrimidine heterocycle has been considered lower
than those of a benzene ring. Both sp2 hybridized
nitrogens have shown a little basicity; acidities of
the C±H bonds in a pyrimidin-2-yl ring has been
stronger [31].
If concerning a reaction of the molecules 1±4
with ÄVLPSOHLQWDFW³SHUR[\QLWULWHDQLRQV (ONOO±),
the abstraction of a hydrogen atom (proton) by these
anions, i.e. the hydrogen atom transfer, could be
straightforward way to provide a compound´s
radical followed by the attachment of a nitrogen
dioxide radical. Thus protonated form of
peroxynitrite, i.e. peroxynitrous acid (ONOOH), has
been regarded as very strong antioxidant. However,
chemistry of peroxynitrite has been rather complex
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and the situation has seemed to be more
comprehensive.
The agents ONOO± and ONOOH, respectively,
often cause the nitration or hydroxylation of
aromatic compounds, particularly tyrosine. For such
a nitration, two different mechanisms have been
proposed. They have involved the formation of
(i) an electrophilic nitronium ion NO2+ [32] or (ii) a
QLWURJHQ GLR[LGH UDGLFDO 122) and hydroxyl
UDGLFDO 2+ as well [33]. In the absence of metal
ions, the nitration of tyrosine has been favored
WKURXJKWKHIRUPDWLRQRI122 and 2+ [33, 34].
The analysis of a quantitative pyrimidine
molecular diagram [35] has shown that the position
2 in a pyrimidine ring has been most sensitive to
a nucleophilic attack. Weaker electrophilic reactive
centers have been the C4 and C6 atoms, whereas the
C5 atom has been characterized to show very weak
nucleophilic features (Figure 1). In the viewpoint
of WKRVH ÄUDGLFDO WKHRU\³ a pyrimidin-2-yl moiety
has shown innate reactivity for the carbon atom
C4/C6 which could be identified as the site with
a partial positive (į+) charge [36].
In a case of 2-aminopyrimidine (2Apy) as a
simplified model of the inspected compounds´ basic
compartment, the introduction of an amino moiety
in the position 2 has resulted in the decrease of
a positive charge on the C2 atom [37].
Prasanthkumar and Alvarez-Idaboy [38] have
studied an R[LGDWLRQRI$S\E\2+LQ an aqueous
medium using the pulse radiolysis coupled to the
optical absorption and the DFT calculations aimed
at elucidation of the reaction mechanism. They have
considered, among others, radical adduct formation
(RAF) reactions with N1 (N3 has been an identical
site), C2, C4 (C6 has been an identical site) and C5
as the target atoms. The authors have concluded that
RAF at C5 has been responsible for the
experimental observations.
Applying mentioned RAF theories for the
interpretation of present results, it would be
possible that (i) one-electron oxidant derived from
ONOO± has attacked the heteroaromatic ring of
investigated compounds leading to the formation of
thus radical which has been rapidly combined with
122 to yield appropriate nitro derivative; (ii) 122
could attack the sites C5 or C4/C6 (in terms of a
ring numbering, those positions have been identical)
of the heterocycle.
Following a laboratory preparation of ONOO±,
those anions have been generated by instantaneous
quenching of the reaction mixture with an excess of
alkali. The ONOO± anions have been stable in
a cold alkaline solution in the absence of carbonyl
compounds and metals. It has been suggested [39]
that solutions thus obtained could contain the nitrite
NO2± or nitrate NO3± impurities, unreacted H2O2 has
been removed by a treatment with an excess of
MnO2. It has been also observed that peroxynitrite
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anions ONOO± could isomerise to the nitrate anions
NO3± at pH<7 [39]. Those research has also
strongly suggested that the chemistry of
peroxynitrite has been exclusively mediated by
122 DQG 2+ LQ WKH DEVHQFH DQG E\ 122 and
CO3± in the presence of CO2.
The current use of a KH2PO4±Na2HPO4 buffer
system with pH=6.0 would mean that notable
amount of peroxynitrite (up to 80 %) would be in a
protonated form as a conjugate acid ONOOH [40].
As peroxide, the relatively labile O±O bond has
provided the possibility of a homolysis to the
radicals [41]. The protonation has weakened O±O
bond in ONOOH and has led to a homolytic
cleavage to 122 and 2+ %RWK RI the radicals
have been regarded as oxidizing/hydroxylating and
nitrating species, respectively [42]. Following
given, it could be hypothesized that ONOO± has not
reacted directly with a salt forming group of the
tested FRPSRXQGV 6HFRQGDU\ UDGLFDO 2+, which
has arisen from ONOOH, has promoted their
nitration. Thus process could be a two-step radical
process: the interaction of one-electron oxidant
2+ leading to the formation of the radical at the
heterocycle (C4/C6 atom) which has then combined
ZLWK122 to yield 4´-nitropyrimidin-2´-yl.
Excepting
the
radical
homolytic
decomposition of ONOOH, a powerful unstable
oxidant with pKa=6.8 in case of which both the acid
and the anions have been presented at physiological
pH, thermodynamically favorable modes of the
decay have been concerned. An isomerization to a
nitrate NO3± (in multiple ways, if pH<pKa has been
kept), a resource of several possible nitrating agents
has been the first possibility [42, 43]. Another
alternatives have been a dismutation either to 122
and the nitrosodioxyl radicals (ONOO) or to
nitrite (NO2±) and oxygen (O2) in neutral or higher
pH, as reported in the research [42].
More comprehensive knowledge about those
processes, mechanisms and possible interaction
sites of investigated heterocyclic systems could be
provided after further in silico calculations
employing DFT methods, eventually.
Besides, moderate in vitro antioxidant
capability of the substances 1±4 might be the reason
why they could not be regarded as promising agents
against virulent Mycobacterium tuberculosis (Mtb)
H37Rv [15].
During the course of an infection, Mtb must
cope with a variety of host-mediated stresses,
in particular, oxidative and nitrosative stress or
antibacterial properties of macrophages. The
macrophages produce ROS and RNS via NADPH
oxidase (NOX2/gp91phox) and an inducible nitric
oxide synthase iNOS [44, 45].
Although the role of nitric oxide (NO) in a
human tuberculosis remains an unsettled evidence,
supporting its importance has come from a variety
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of areas [46]. For example, it has been proven that
human granulomas have contained iNOS,
endothelial-NOS, and nitrotyrosine, a compound
whose accumulation has indicated a production
of NO [47]. The presence of NO within human
granulomas could contribute to host resistance since
in vitro experiments have shown direct RNS-mediated bacteriostatic [48] and bactericidal
activity [47].
On the contrary, it has been also found that
cultures of the Mtb-infected human macrophages
cultured at physiologic oxygen tensions have
produced copious nitrite. Surprisingly, the nitrite
has arisen from the Mtb, not the macrophages. Mtb
has responded to nitrite by ceasing growth;
endogenous nitrite might slow Mtb´s growth and has
prepared it to resist host stresses while the pathogen
waited for immunopathology to promote its
transmission [49].
High basal resistance of Mtb to oxidative and
nitrosative stress has seemed to be a combination of
intrinsic resistance of the Mtb cell wall, constitutive
expression of genes that have encoded ROS and
RNS scavenging functions, induction of genes that
have encoded for repair of oxidized proteins, and
induction of DNA repair mechanisms [45].
Similarly, currently inspected set of the
molecules has not been efficient in vitro against
potentially pathogenic strain [15] M. avium CNCTC
My. 330/80 (identical with ATCC 25291). The
explanation might result from the connection
between moderate antioxidant potency of those
substances and a clear involvement of ROS in the
killing of considered microbe [50].

CONCLUSIONS
The ROS and RNS participate in physiological
processes in a carefully regulated manner, they have
been essential for humans to maintain homeostasis
and health. Without the regulation, they could
promote diverse biological responses associated
with a spectrum of disorders. They have played a
very complex role in the initiation and the
progression of malignant diseases, chronic
inflammation, viral infections or cardiovascular
dysfunctions in the connection with hyperlipidemia,
diabetes mellitus, hypertension, ischemic heart
disease, or a chronic heart failure. Current research
has revealed antioxidant potential in vitro of the
series of phenylcarbamic acid derivatives which salt
forming part has been represented by a heterocyclic
4´-(pyrimidin-2´-yl)piperazin-1´-yl moiety. The
compounds under the study have been capable
moderately protect tyrosine from a peroxynitrite
mediated nitration which would contribute to their
possible ȕ1-adrenolytic efficacy. The ability to
protect tyrosine has been more promising than the
1491
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(a review). Vascul. Pharmacol. 71, 40-56.
[5] Sugamura, K. and Keaney, J.F. (2011) Reactive
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Radic. Biol. Med. 51, 978-992.
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training. In: Kinesiology Research Trends and
Applications. (Ed.-in-Chief Milanoviü '),
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[8] .\VHORYLþRYi 2 +ROLHQND 0 äDPED 0
and Tibenská, M. (2014) Cardiovascular
adaptation of juvenile competitive female
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75-80.
[9] Green, H.J. (2012) Skeletal muscle adaptation
to regular physical activity. In: Physical
Activity and Health. 2nd Ed. (Eds. Bouchard,
C., Blair, S.N. and Haskell, W.). Human
Kinetics, Champaign, USA, 121-148.
[10] Munzel, T.A., Gori, T.A., Bruno, R.M.B. and
Taddei, S.B. (2010) Is oxidative stress a
therapeutic target in cardiovascular disease?
Eur. Heart J. 31, 2741-2749.
[11] Sedeek, M., Hebert, R.L., Kennedy, C.R.,
Burns, K.D. and Touyz, R.M. (2009)
Molecular mechanisms of hypertension: role of
Nox family NADPH oxidases. Curr. Opin.
Nephrol. Hypertens. 18, 122-127.
[12] Feuerstein, G.Z., Yue, T.-L., Ma, X.-L. and
Ruffolo Jr., R.R. (1994) Carvedilol: a novel
multiple action antihypertensive drug that
provides major organ protection. Cardiovasc.
Drug Rev. 12, 85-104.
[13] Kramer, J.H. and Weglicki, W.B. (1996) A
hydroxylated analog of the ȕ-adrenoceptor
antagonists, carvedilol, affords exceptional
antioxidant protection to postischemic rat
hearts. Free Radic. Biol. Med. 21, 813-825.
[14] Ma, X.-L., Yue, T.-L., Lopez, B.L., Barone,
F.C., Christopher, T.A., Ruffolo Jr., R.R. and
Feuerstein, G.Z. (1996) Carvedilol, a new beta
adrenoreceptor blocker and free radical
scavenger, attenuates myocardial ischemia-reperfusion injury in hypercholesterolemic
rabbits. J. Pharmacol. Exp. Ther. 277, 128-136.
[15] Malik, I., Lukac, M., Galba, J. and Stolarikova,
J.
(2016)
Synthesis
and
in
vitro

efficiency of previously in vitro tested structurally
related molecules which have contained a 4´-(4´-fluoro-/3´-trifluorophenyl)piperazin-1´-yl
group.
When preliminary exploring mechanisms of
concerned nitration process, it could be suggested
that (i) one-electron oxidant derived from a
protonated peroxynitrite ONOOH, namely 2H, has
attacked pyrimidin-2´-yl. That interaction has led to
the formation of the radical at a pyrimidin-2´-yl
moiety, which has been rapidly combined with
122, second radical from a geminate radical pair,
to yield an appropriate nitro derivative, (ii) under
the experimental conditions used, an isomerisation
of an activated unstable ONOOH could occur
providing a nitrate anion NO3±, which would be
considered the source of a nitrating agent or
(iii) after a homolytic cleavage of the O±O bond
in the molecule of ONOOH, 122 could directly
attack the positions C5 or C4/C6 of the heteroarene.
In addition, moderate antioxidant properties in vitro
of those substances could be possible reason why
they have not shown a promising efficiency in vitro
against some strains of mycobacteria, including
virulent Mycobacterium tuberculosis H37Rv or a
potentially pathogenic M. avium ATCC 25291. The
ROS and RNS have been produced by host
phagocytes and have exerted antimicrobial actions
against a broad range of pathogens which has also
covered those mycobacterial strains. According
to calculated log Ps (the CLOGP 4.0 approach has
been employed) and TPSA values, one of major
advantages of those tested substances could be their
favorable toxicological profile.
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or environment after the bleaching, washing and
dyeing processes due to their poor fixation to fabrics
[3], leading to severe contamination of surface and
ground waters [4]. Many dyes were visible in water at
concentrations as low as 1 mg L-1, which caused textile
industry effluents highly colored with dye contents in
the range of 10-200 mg L-1. Their discharge into
surface water is not only aesthetically displeasing but
also can be damaging to the receiving water bodies by
impeding the penetration of light and the
transformation of oxygen, hence affecting aquatic life.
Further, many of the azo dyes are carcinogenic and
may trigger allergic reactions in human beings [5, 6].
A review presented in 1992 discussing the
mutagenicity of effluents showed that the wastewater
from textile and other dye-related industries gave the
most positive mutagenic response among all types of
industrial effluents analyzed [7]. More recent studies
[8] have also indicated that azo dyes were speculated
to be responsible for the observed mutagenicity of
ground and surface waters. Thus, the methods for
decolorization and degradation of textile effluents have
been a major concern in recent years.
Various physical and chemical methods have
been explored for the treatment of wastewaters [9,10].
However, the most widely used techniques like
coagulation/flocculation and membrane filtration,
have inherent drawbacks as they were produced large
amounts of sludge or caused secondary pollution.
These constraints have led to the consideration of
advanced oxidation processes (AOP) and biological
methods because they did not produce solid waste.
AOP, the processes that use strong oxidizing agents
such as O3 and H2O2 with catalysts such as TiO2, ZnO2,
[11] Mn and Fe in the presence or absence of an
irradiation source [12, 13], have been proved to have
the high potency to degrade the azo dyes with good
performance. But the higher energy consumption and
cost limited the application. Biological methods are
generally considered environmentally friendly.
However, it is not surprising that azo dyes usually

ABSTRACT
Synthetic azo dyes with aromatic rings have
become an important source of water pollution
worldwide due to its high color, high toxicity and nonbiodegradability. In this study, Microbial fuel cell
coupled constructed wetlands (CW-MFCs) were
constructed for azo dye degradation. The performance
of X-3B degradation, COD removal and electricity
generation in the CW-MFCs were investigated.
Experimental results showed that COD removal rate
with co-substrate was consistently higher than that of
without co-substrate, with the removal rates of 76.2%
and 51.7%, respectively. X-3B removal efficiencies
with different hydraulic retention time (HRT) (24, 48
and 72 h) were 19.7%, 39.1% and 84.7% without cosubstrate. The highest detected power density was
0.043 W m-3 at the external resistance of 600 ȍ89vis absorption spectra analyze indicated that the
degradation of reactive brilliant red X-3B first
occurred at the conjugation system, and later at the
naphthalene rings and the benzene rings. The best X3B degradation effect was achieved with additional cosubstrate and longer HRT. However, the extension of
HRT may affect the internal resistance on the contrary.

KEYWORDS: Constructed wetland, microbial fuel cell,
azo dyes, degradation, electricity generation

INTRODUCTION
Azo dyes, characterized by the presence of one or
more azo groups (üN=Nü), have been widely used
in a number of commercial applications such as textile,
food, cosmetics and paper printing, among which
textile industry is the largest consumer [1, 2]. When
used in the textile industry, a high amount of dyes
would be discharged into the sewage treatment system
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reagents used in the present study were all of analytical
grade. All solutions were prepared by using distilled
water.

resist bio-degradation in conventional aerobic
activated sludge process due to their xenobiotic nature
[14]. If an anaerobic system is employed before the
aerobic activated sludge process, decolorization can be
achieved due to the reductive cleavage of azo bonds.
But the aromatic amines still exist and resist further
degradation, which may be toxic and increase the level
of mutagenic activity. Microbial fuel cells (MFCs) use
microorganisms as catalysts to directly generate
electricity from organic matter, which have great
potential as a method of wastewater treatment and
power sources at the same time.
The constructed wetland±microbial fuel cell
(CW±MFC) is regarded as a novel device with a
delicate combination of constructed wetland (artificial
ecosystems)
and
microbial
fuel
cell
(bioelectrochemical techniques), in which electricity
can be enhanced relying on rhizosphere effect of
wetland plants and contaminants can be efficiently
degradated on account of bioelectricity [15]. In
addition, the operating parameters, including cosubstrates condition and hydraulic retention time
(HRT), were remarkable influence on the degradation
efficiency and electricity generation in CW±MFCs. In
this study, we established up flow CW-MFCs for red
X-3B waste water treatment and simultaneous
bioelectricity generation. The glucose was used as the
co-substrate. Moreover, co-substrates condition and
HRT were selected to evaluate the influence of
degradation efficiency and electricity generation in
CW-MFCs. The removal of dyes and COD along with
the amount of produced power in different systems
were compared, and the possible mechanism in CWMFC system was primarily explored.

Reactor configuration. Laboratory scale CWMFC reactor system was set up and depicted in Fig. 2.
It was built from a borosilicate glass column with an
inner diameter of 30 cm, a height of 50 cm and working
volume of 2.1 L. There is a sampling port on the reactor
every 5 cm and it is filled with electrode (thick 2.5 cm),
granular gravel (thick 20 cm, diameter 3-6 mm),
electrode (thick 10 cm) and granular gravel (17.5 cm)
from the top to the bottom. Particulate activated carbon
(diameter 3-5 mm, specific area 500-900 m2 g-1,
packing density 0.45-0.55 g cm-3) was chosen as the
electrode material, and was previously washed in 1 M
HCl and 1 M NaOH. The two electrodes were
connected to the external resistance (1000 ȍ  E\
titanium wires to close the electric circuit.

FIGURE 2
Schematic diagram of CW-MFC system

MATERIALS AND METHODS
Materials. The reactive brilliant red X-3B [16],
with a molecular weight of 615, is referred to as
C19H10Cl2N6Na2O7S2. The structure is shown in Fig. 1.

Inoculation and operation. The bioreactors ran
at 5.6-14.1 Ԩ as continuous flow systems and were fed
with a synthetic wastewater, representing the textile
processing effluent of following composition: 252.5
mg L-1 KNO3, 26.32 mg L-1 K2HPO4·3H2O, 336 mg L1
NaHCO3, 330 mg L-1 NaCl and 10 mg L-1 of trace
elements solution [17]. And the trace element solution
composition: 10 mg L-1 ZnSO4·7H2O, 3 mg L-1
MnCl2·4H2O, 1 mg L-1 CoCl2·6H2O, 2 mg L-1
NiCl2·6H2O, 3 mg L-1 Na2MoO4·2H2O, 30 mg L-1
H3BO3 and 1 mg L-1 CuCl2·2H2O.
To investigate the efficiency of CW-MFC for the
mineralization of azo dyes and generation of electricity
under different conditions, two laboratory scale
bioreactors, designated R1 and R2, were constructed
and operated in parallel. One used the reactive brilliant

FIGURE 1
Chemical structure of reactive brilliant red X-3B.

Reactive brilliant red X-3B (98%) was purchased
from Tianjing Chemicals Company (Tianjing, China),
and was utilized without further purification. Other
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3B (200 mg L-1) as the only substrate, and using X-3B
(100 mg L-1) and glucose (100 mg L-1) as co-substrates
were compared at the flow rate of 6.36 ml min-1 with
HRT of 48 h. Fig. 3 shows the variation of average
COD removal rates along with the stabilization system.

red X-3B as the sole substrate (R1) and the synthetic
dye wastewater fed in was supplemented with 200 mg
L-1 X-3B. And the other one was conducted using
glucose as a co-substrate (R2), and the concentrations
of these two supplements were adjusted to 100 mg L-1.
The reactors were operated at the flow rate of 6.36 ml
min-1 with HRT of 48 h.
The degradation efficiency and electricity
generation were compared at HRT of 24, 48 and 72 h
respectively, and the corresponding flow rate is 12.72,
6.36 and 3.18 ml min-1.
Analytical methods. In this work, all the samples
DUH DQDO\]HG DIWHU ILOWUDWLRQ WKURXJK D  ȝP
polyvinylidene fluoride membrane filter. The color
intensity of the dye solution was measured by UV±vis
spectroscopy [18], and the UV-vis absorption spectra
of reactive brilliant red X-3B solutions were scanned
by an UV-1100 spectrophotometer (Beijing Ruili
Analytical instrument Co., Ltd., China) over ranging
from 200 to 800 nm. The absorbency of the treated
solution was achieved by measuring the absorbance of
the diluted solution at the maximum absorption
ZDYHOHQJWK Ȝ   QP  %\ GHILQLWLRQ WKH FRORU
removal rate of the reactive brilliant red X-3B solution
(color (%)) can be calculated by Eq. (1):
E[í%ௗ ௗ> ;í%inௗíௗ;í%out)/ ;í%in@ௗîௗ ˈ
(1)
Where, ;í%in DQG;í%out are the absorbance at
538nm before and after treatment.
COD was measured by oxidation with K2Cr2O7
under acidic condition and titrate was analyzed with
(NH4)2Fe(SO4)2 aqueous solution according to APHA
method 5220.
Cell potential (V) in the CW-MFC circuit was
recorded directly from potentiostat output every 60s
using a multimeter and was adjusted to E vs SHE
(standard hydrogen electrode) [19]. The cathodic
potential was measured with an Ag/AgCl reference
electrode (0.242 V vs SHE). The anodic potential was
calculated by the difference between the cathodic
potential and the cell potential. Current (I) were
GHWHUPLQHG DFFRUGLQJ WR 2KP¶V ODZ DQG SRZHU 3 
using the formula P= IV. Power and current densities
were calculated by dividing power or current by the net
cathodic volume. And the cathodic coulombic
efficiencies (CE) were computed according to
CE=Cp/Cth*100% [20].

FIGURE 3
Variation of COD removal along the CW-MFC
system with different substrates

It can be found that the COD removal rate in R2
was consistently higher than that in R1, with the
removal rates of 76.2% in R2 and 51.7% in R1,
respectively. Similar results were also observed in
different layers. The removal rate of COD in the nether
gravel layer of R2 reached to 42.3%, which was
significantly higher than that of R1 (26.9%). In the
anode/GAC layer, the COD removal rate of R2 was
about 28.7%, while R1 only achieved 19.8%. However,
the removal rate of COD in the upper gravel layer of
the two reactors showed a similar magnitude, about 5%.
The results might be attributed to the reason that
glucose is a more degradable substrate comparing to
X-3B [21]. The readily biodegradable glucose leads to
more degradation in the nether gravel layer of R2, and
results in a larger number of total COD removed in R2.
Meanwhile, it is assumed that X-3B also possesses
more biodegradability when induced by glucose [22],
which is similar to those findings in previous
researches [23, 24]. It has been pointed out that the
maximum decolorization of dyes is exhibited when
glucose or other easily degradable substrates are
supplemented. The results indicate that supplement of
labile carbon source seems to be necessary for growth
and degradation of dyes.
The electrogenesis capacity of R1 and R2 were
investigated under the same conditions with HRT of 48
h (Fig. 4 and Table 1), with the effective pollutant load
in anode 0.272 and 0.285 kg COD/ (m3 NAC d),
respectively.
As shown in Fig. 4, the power density in R2
peaked with an external resistance of 600 ȍ and a
current density of 0.259 A m-3 when open circuit

RESULTS AND DISCUSSIONS
Influence of the co-substrates in dyecontaining solution. The degradation efficiencies of
reactive brilliant red X-3B solution in reactor using X-
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electron donor (substrate provided). Carbon sources
such as glucose and organic acids like formate are
more effective electron donors for dye reduction [24].
Meanwhile, methanogens and other dye-decolorizing
bacteria participate effectively in dye reduction in
absence of the co-substrates. Donlon [25] reported that
electron equivalents can be considerable for systems
fed with fermentable substrates, as compared to nonfermentable substrates, which stimulate the
nitrophenol reduction and the electricity production.
On the contrary, with the complicated structure
composed of triazine rings, benzene rings, naphthyl
rings and the 8 - naphthol - 3,6 - disulfonic acid
chromogenic group, reactive brilliant red X-3B is too
resistant to be biodegraded. When the concentration of
labile carbohydrate decreases, the activity of dyedegrading bacteria is inhibited, as a result, the
capability of electricity generation in CW-MFC system
is also reduced. That is why the amount of power
produced in R1 is less than that in R2. And the
obligated requirement of fermentable co-substrate fed
in CW-MFC has been proved that higher electricity
generation rate is required when treating nonfermentable wastewaters.

voltage (OCV) was about 583 mV, which was 0.084 W
m-3. And the maximum power production in R1
decreased to 0.026 W m-3 with the same external
resistance and a current of 0.144 A m-3 when OCV was
about 334 mV. The internal resistance can be achieved
by linear estimation. The internal resistance of R2 and
R1 was Rint,3d   ȍ and Rint,2d = 582.14 ȍ,
respectively. It can be easily concluded that the
capability of electricity generation improved
significantly when supplemented with co-substrates
like glucose. Compared to R1, the OCV of R2 nearly
doubled, and the power density quadrupled. If the
system was only fed with X-3B (R1), the OCV, current
and power density would all decrease sharply with an
increase of internal resistance.

Influence of HRT on CW-MFC system. The
HRT of 24, 48 and 72 h with X-3B concentration of
200 mg L-1 was examined to investigate the influence
of HRT on the degradation efficiency. The variation of
X-3B removal rates along the system was shown in Fig.
5. X-3B removal rate increased with the increase of
HRT from 24 to 72 h.
It was further found that the concentrations of X3B in the effluents decreased by 39.3 and 78.2 mg L-1
at HRT of 24 and 48 h, respectively, while decreased
sharply by 169.4 mg L-1 at HRT of 72 h thus achieved
a high removal rate of 84.7%. The findings indicated
that CW-MFC system cannot decontaminate the dyecontaining wastewater efficiently within a HRT of 48
h. But if HRT is extended to 72 h, a thorough
degradation could be reached even with only the nether
gravel layer and a part of anode layer of the system.
However, on the other hand, as a result of the rapid

FIGURE 4
Power densities and polarization curves of CWMFC systems with different substrates
There are some labile carbon sources and simple
organic acids can be used by electricigens in CW-MFC
systems.
Most
electrochemically
active
microorganisms cannot oxidize carbohydrates directly
before it fermented into low-molecular-weight organic
acids. It can be inferred that the reductive degradation
of X-3B dye and the generation of electricity in CWMFC are extremely dependent on the type of primary

TABLE 1
Conductivity of CW-MFC systems with various substrates
Substrate Concentration
(mg L-1)
Glucose 100 +
;í%100
;í%

HRTa (d)

Bvb (kg COD/
(m3 NAC d))

Rextc ȍ

Eocd (V)

Pmaxe (mW m-3)

Rintf ȍ

2

285.17

1000

0.58

 ௗȍ

507.76

2

272.24

1000

0.33

ௗ  ȍ

582.14
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0.144 A m-3. When HRT was adjusted to 48 h, the OCV
added to 334 mV, and the maximum power density
(0.026 W m-3) was obtained. As HRT extended to 72 h,
the OCV and the maximum power density raised up to
433 mV and 0.043 W m-3 with the current density of
0.184 A m-3 and external resistance of  ȍ The
internal resistance of CW-MFC systems with different
HRT was linear fitted and the values of 479.53 ȍ for
24 h, ȍ for 48 h and ȍ for 72 h were
obtained.

FIGURE 5
Variation of COD removal along the CWMFC system with different HRT
The results of our study proved the feasibility of
CW-MFC for dye-containing wastewater treatment as
long as an appropriate HRT was provided. The removal
rate of X-3B in CW-MFC system reached up to 84.7%
even at a low temperature of 5.6-14.1 Ԩ without any
preliminary treatment or co-substrates. Two
explanations might be proposed. First, the electrons are
transferred onto the surface of anode by some specific
anaerobic bacteria after the biological oxidation of
substrates in anode chamber [27], while X-3B can
undergo a direct and effective electron transfer
between itself and anode electrode under the influence
of external electric potential [28]. The growth of
anaerobic bacteria in the anode chamber can produce a
low anode potential, and then promote the electron
transfer of the redox reaction between X-3B (reductant)
and anode electrode (oxidant). Meanwhile, electron
transition was observed for the existence of the
reactive azo groups in X-3B [24], and then the
activated X-3B molecules can be rapidly degraded in
the presence of some catalytic substances. Second, the
microbial populations in the up-flow CW-MFC system
have a rational distribution, and the different strains of
microbes on anaerobic biofilm maintain a stable
symbiosis. With the extending of HRT, the X-3Bdegrading bacteria strains accumulate, which makes
the system more adaptable to the change of X-3B load
and more effective for X-3B degradation.
The effect of HRT on electrogenesis capacity was
also evaluated. Fig.6 shows the variations of power
density and polarization curve.
As can be seen, the polarization curve was
approximately linear with external resistance ranging
from 100 to 1000 ȍ:hen HRT was maintained at 24
h, the OCV of 301 mV and the maximum power
density of 0.017 W m-3 were obtained based on
external resistance of 400 ȍ and current density of

FIGURE 6
Power densities and polarization curves of CWMFC systems with different HRT
It can be found that the OCV and power
production were increased with HRT. According to the
degradation characteristic of X-3B in the synthesized
wastewater, the longer HRT controlled, the more X-3B
degraded, which resulted in the increased production
of small organic matter that could be easily used by
electricigens, therefore more voltage and power
produced. However, the internal resistance of CWMFC system changed in another pattern. As the HRT
increased, it increased first and then decreased. As
HRT extended, the degradation efficiency of organic
matters was enhanced and the bacteria was activated,
as a result, the production of OCV magnified as well
as the release of electrons and protons, therefore, the
output power increased and internal resistance
decreased consistently. The increase of HRT leaded to
the decrease of flow rate on the surface of liquid film
and a severe concentration polarization, which resulted
in that more protons were stranded at the anode. From
this, the internal resistance of the CW-MFC system
heightened. The results obtained here was similar to
that reported in an air-cathode MFC using domestic
wastewater [29].
The possible degradation mechanism of X-3B.
To investigate the possible degradation pathway of
reactive brilliant red X-3B along CW-MFC system, the
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FIGURE 7
The UV-vis absorption spectrum of X-3B in CW-MFC systems.(a) absorption spectrum of X-3B in the
influent, (b) absorption spectrum of X-3B in the nether gravel layer, (c) absorption spectrum of X-3B in the
anode/GAC layer, (d) absorption spectrum of X-3B in the top anode GAC layer, (e) absorption spectrum of X3B in the upper gravel layer, (f) absorption spectrum of X-3B in the effluent

electron transition. Electron transition can easily occur
in the chemical activity of azo groups, and then the
electron was excited and the carbon atom close to it
was activated, which then lead to the separation of NC bonds [24]. Meanwhile, as the nitrogen atoms of NH- had a lone pair of electrons, it also had a high
density electron cloud, which prompted the cleavage
of naphthalene rings. In addition, the degraded
naphthalene rings without active groups such as
sulphonate and hydroxyl were then converted into
substituted benzenes, for example, phthalandione, and
resulted in the rise of the absorption peak at 236 nm
[30].
It can be seen in Fig. 7 (c) that the azo bands
centered at 512 and 538 nm continued to decrease
significantly when came to the anode GAC layer. The
absorbance value decreased by 65.8% compared to the
influent, which suggested that most of ±N=N± bonds
were cleaved already. The naphthalene rings centered
at 329 nm showed a similar result with the absorbance
value decrease of 70.3%. At the same time, the
intensity of absorption peak at 285 and 236 nm
decreased slightly. It was observed that the degradation
of the triazine structure and the benzene rings just
started.
The UV-vis spectra at the top of anode GAC layer
and the upper gravel layer were shown in Fig. 7 (d) and
Fig. 7 (e), respectively. It can be concluded from the
flat-lined absorption curve at 512, 538 and 329 nm that
the azo groups and naphthalene rings were almost
damaged completely after the anaerobic treatment in
the anode chamber. Besides, the peak at 285 and 236

change in the UV-vis spectra of wastewater collected
from influent, effluent and different layers was
recorded (Fig.7). The bioreactor ran with a continuous
flow and with a HRT of 72 h (influent flow rate 3.18
ml min-1) and X-3B concentration of 200 mg L-1.
As presented in Fig.7 (a), reactive brilliant red X3B shows five absorbing peaks, including 236, 285,
329, 512 and 538 nm. According to the analytical
theory of spectrum for organic chemicals and the
structure of X-3B, the peaks at 236 and 285 nm are the
characteristic absorption spectrum of benzene rings,
and the one at 329 nm belongs to the naphthalene ring.
The 8-naphthol-3,6-disulfonic acid chromogenic
group is a conjugation system formed among ±N=N±
ZLWK ʌ ERQG  EHQ]HQH DQG QDSKWK\O ULQJV ZKLFK
results in the maximum characteristic absorption
spectrum at 512 and 538 nm.
As shown in Fig. 7 (b), the entrance into the
nether gravel layer led to a distinct decrease of UV
absorption at 512 and 538 nm, with the absorbance
value averagely decreasing by 37.5% compared to the
influent. Meanwhile, the intensity of absorption peak
at 329 nm also showed a decrease, while the intensity
at 285 nm varied little, and the intensity at 236 showed
an increase. It might be the reason that the degradation
first occurred in the lower energy bond such as azo
groups, followed by relatively higher energy bonds
presented in the naphthalene rings, the triazine
structure and the benzene rings. Namely, the
conjugation system was damaged first, following
higher energy bonds cleavage. The major factor of the
separation of N-C bonds around azo groups was
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nm further decreased in the upper gravel layer. The
absorbance value decreased by 79.8% and 85.1%,
respectively compared to the influent, suggesting the
degradation of most triazine structure and benzene
rings. It has been reported that the benzene rings in azo
dye would finally degrade into simple aldehyde or acid
after a complex series of reactions [31], which is
consistent with the experimental result presented
above.
Analogous to the UV-vis spectra curve in upper
gravel layer (Figure. 7 (e)), the UV-vis spectra of
effluent (Figure7 (e)) has lower absorption peak,
indicating that the rest of X-3B was further destructed
before coming out. The result was coordinated with the
variation trend of COD removal along the system
shown in Fig. 5. In this study, the CW-MFCs clearly
demonstrated a strong performance for ABRX3B
removal efficiency in the upper gravel layer. Azo bands
were cleaved firstly, naphthalene ring could also be
easily destructed, and most of the S-thiazine group and
benzene ring were degraded in the anode GAC layer.
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GASIFICATION OF MUNICIPAL SEWAGE SLUDGE BY
SUPERCRITICAL WATER: A REVIEW
Elanur Adar*, Mahir Ince, Mehmet Sinan Bilgili
Department of Environmental Engineering, Faculty of Civil Engineering, Yildiz Technical University,
34220 Davutpasa, Esenler, Istanbul, Turkey

It has been reported that natural gas consumption
will increase 2350 billion cubic meters from 2012 to
2040, while the natural gas production will increase
only 2341 billion cubic meters from 2012 to 2040 by
73% increase. It is a fact that the fossil fuel reserves
will eventually be depleted with such consumption
rates in addition to causing environmental problems.
CO2 emissions from natural gas show 19% increase
in 1990 and 20% in 2012, and is expected to reach
26% increase in 2040 [1]. Therefore, energy
recovery from alternative biomass such as sewage
sludge is increasing with a view to energy recovery
from organic matter [2].
The fastest-growing energy source of world is
renewable energy sources. Renewable energy
consumption will increase by an average 2.6 % per
year between 2012 and 2040 [1]. Biomass is the
fourth largest energy resource after coal, oil, and
natural gas. Biomass plays an important role in terms
of renewable energy sources [3]. Sewage sludge
containing 0.25-12% solids are generated from
wastewater treatment plants, with high water content
generally higher than 95% [4] and organic matter
content of around 70-80%. Treatment and disposal
of sewage sludge have become a worldwide problem
because of dewatering requirement, an excessive
cost,
needing
more
space,
sustainable
treatment/disposal and more stringent environmental
standards. The annual dry sludge production in the
European Union is higher than approximately 11
million tons per year [5, 6] and production in Turkey
is approximately 0.84 million tons [7]. Furthermore,
the sludge treatment cost constitutes about 50% of
the total operating cost of wastewater treatment
plants [6, 8]. For this reason, new processes are
necessary for both the elimination of negative effects
of sludge on human health and environment.
Supercritical water gasification (SCWG) that
converts biomass into synthetic gas rich in hydrogen
is a process taking place at or above 22.1 MPa and
374°C which are the critical points of the pressure
and temperature of water.
This study discusses latest developments about
treatment of municipal sewage sludge by
supercritical water gasification. This review covers
sewage sludge properties, SCWG in terms of
fundamental
principles,
advantages
and
disadvantages, operating conditions and background

ABSTRACT
Municipal sewage sludge produced from
wastewater treatment plants generally contains 0.2512% solid materials and around 70-80% organic
matter content. Sewage sludge treatment and
disposal is the most complicated and expensive step
of wastewater treatment, because of the dewatering
requirement, costly operations and processes, space
requirement, and environmental standards getting
more stringent day by day. Gasification of municipal
sewage sludge by supercritical water technology is a
promising and developing method to concurrently
succeed energy recovery and sludge treatment. The
objective of this study is to give information about
supercritical water gasification and its applicability
for hydrogen rich gas production from municipal
sewage sludge. Based on the literature data,
supercritical water gasification used for hydrogen
and methane production from sewage sludge is a
new, clean and encouraging technology and it is
feasible according to technical and economical
evaluations.
Two-stage hydrothermal gasification systems
and catalytic process concepts achieving optimum
hydrogen production at lower temperatures and
pressures can be achieved by i) pre-treatment such as
steam explosion, electroporation and liquefying, ii)
decreasing the particle size by grinder, iii) the
selection of an appropriate reactor configuration and
appropriate material selection to overcome the
corrosion and plugging problems for future
applications.

KEYWORDS:
Gasification; Sewage
gasification (SCWG)

sludge;

Supercritical

water

INTRODUCTION
Energy needs are increasing both in Turkey and
in the world with the rising population, industry and
technology day by day and the available energy
sources are not sufficient. U.S. Energy Information
Administration predicts that energy consumption in
the world will increase by 48% from 2012 to 2040.
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other hand, the market for compost produced from
sewage sludge is limited because of its heavy metal
and organic pollutant content [6].
Thermochemical
methods
(incineration,
gasification, pyrolysis) are generally preferred for
constraints in landfill and high land prices.
Incineration is the most commonly used method for
the disposal of sewage sludge in very large plants [4,
6]. Incineration, which is second to landfill in
popularity, suffers from its own drawbacks. Rising
supplemental fuel costs, high capital costs due to an
energy-and capital-intensive drying process and air
pollution concerns have historically limited the use
of this method [17]. Conventional incineration needs
to use sludge with 18-35% dry solid content [18],
with the usual rate being about 25% [19, 20].
As for anaerobic digestion used to produce
energy from sewage sludge, it is not sufficient to take
in consideration for sustainable sewage sludge
management due to low treatment yield, low product
recovery,
high emission
generation,
etc.
Additionally, this process typically has residence
time from 10 to 30 days to remove 30-60% of the
organic matter. This is a barrier in having a smallscale and centralized method [21]. Furthermore, the
energy potential of sludge cannot be efficiently
extracted, and risks of hazardous matters and
pathogens in the sludge cannot be eliminated by
anaerobic digestion [22]. Both anaerobic digestion
and supercritical water gasification (SCWG)
processes do not need to pre-drying steps and can
convert biomass into biofuels. However, as
anaerobic digestion operation last for several days,
weeks or months, SCWG has shorter operating time
(e.g. a few minutes or seconds) [23]. Moreover,
lignin compounds which cannot decompose in
anaerobic digestion disintegrate in SCWG [24]. Last
but not least, the target product of SCWG is not only
H2 but also CH4, which is the major component of
gas produced by anaerobic digestion [25]. For these
reasons, the disposal and utilization of sludge for
energy recovery can be performed by SCWG. It is
obvious that conventional sludge management
methods that might have been acceptable in the past
can no longer be considered to meet the present and
future requirements.

studies related to sewage sludge. Additionally,
present challenges are discussed in detail, and
practical strategies in order to produce energy from
sewage sludge by SCWG for future studies are
proposed.

MATERIALS AND METHODS
Sewage Sludge. Sewage sludge containing
0.25-12% solid materials consists of organic and
compounds, and pathogens. In other words, it is
composed of approximately 18-40% proteins, 6-19%
lipids, 10-15% carbohydrates and 23-29% lignin [6,
9, 10, 11, 12]. These organic compounds may affect
each other and intermediate products resulted in
reactions. The main components of sewage sludge
are lignin and protein [13]. Jarde et.al. [14] have
found that sludge mainly contains lignin, lipids and
nitrogenous compounds. It means that sludge has
many Ar-OH groups (phenols). Sludge produced as
a result of municipal wastewater treatment is also a
source of both nutrients in terms of high phosphorus,
nitrogen and energy because of organic carbon
contents [15]. It consists of roughly six groups:
These groups are non-toxic organics, compounds
containing nitrogen and phosphorus, toxic organics
(polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), dioxins, pesticides,
linear-alkyl-sulfonates,
nonyl-phenols,
polybrominated fire retardants, etc.,) and inorganics
like heavy metals varying from more than 1000 ppm
to less than 1 ppm, pathogens and other microbial
contaminants, non-toxic inorganic compounds such
as silicates, aluminates, and calcium and magnesium
containing compounds, and water varying from a
few percentages to more than 95% [16]. However,
sewage sludge exhibits wide variations in their
properties depending on the origin and previous
treatment. Sludge has the content in the range of 929 MJ/kg. On the other hand, phosphorus and rare
earth metals (Ag, Te, Tl, Bi, Sb, In, Ga, Sn, Ge, Pb)
as well as heat and fertilizer should be also recovered
from sewage sludge [17].
Anaerobic digestion, land application, landfill
disposal, and incineration are used commonly as the
main sludge management approaches worldwide
[15]. Landfilling, which is the most common
disposal method in current practice, prevents the
utilization of sludge characteristics. Moreover,
landfilling is becoming increasingly more difficult to
implement because of the rapidly shrinking landfill
space, public opposition to opening new landfill
sites, leachate and gases-related issues and poor
economic conditions [6, 12, 17]. Composting for
land application has the odor problem both in the
operation and in the storage stages [6, 8]. Also, it
requires a large area, which increases cost. On the

Supercritical Water Gasification. Super
critical water. Baron Charles Cagniard de la Tour
discovered supercritical fluids in 1822 while
conducting
experiments
involving
the
discontinuities of the sound of a flint ball in a sealed
cannon barrel filled with various fluids at various
temperatures [26]. The most commonly used
supercritical fluids are water and carbon dioxide,
which are used for power generation and
decaffeination, respectively.
At ambient conditions, water has three states
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TABLE 1
Physical properties of water in different conditions [30]
Water
Superheated Steam
Subcritical Water
Supercritical Water
25
400
300
400
400
700
0.1
0.1
25
25
50
25
997.05
0.32
743.01
166.53 577.74 60.08
78.4
1.005
21.48
3.81
12
1.29
13.99
11.12
16.57
11.56
19.83
0.89
0.024
0.092
0.029
0.068
0.038

destruction [4, 35]. In the last 20 years,
thermochemical conversion of wet-biomass in
supercritical region has been studied by many
researchers [35]. Modell [36] firstly described this
technology by using glucose and wood as a biomass
[36, 37]. Over the past decade, very significant
improvement in technology development has been
performed by some researchers such as Elliot¶V
group since $QWDO¶VJURXSVLQFH*XR¶V
group since 1997, etc. [38]. However, most of the
studies have been practiced in batch reactors which
are inappropriate for industrial applications that
rather demand continuous processes [36].
Biomass with high water content may be
efficiently converted into energy without pretreatment such as drying/dewatering thanks to this
process and a much cleaner product is formed;
because, water in the waste is used as both a reactant
and a solvent in this technology. Thus, there is no
need for drying, and the process cost is significantly
minimized by the absence of the drying step. The
physical properties of supercritical water enable to
quickly remove wet biomass and aqueous organic
waste as well as efficiently produce H2- and CH4rich gases [4].
Depending on the reaction conditions and
desired basic gases, hydrothermal gasification can be
divided into three main types [39]. These include:
aqueous phase reforming (APR) used to generate
mainly H2 at around 215±265 ƕC in the presence of a
heterogeneous catalyst (Pt, Ni, Ru, Rh, Pd, Ir),
catalyzed near-critical gasification to produce
mainly CH4 at around 350-400 ƕC in the presence of
a heterogeneous catalyst and supercritical water
gasification to produce mainly H2 at generally 400650 ƕC in the absence of catalyst.
Gasification in supercritical water is a complex
process, and reactions taking place depend on
reaction conditions. During the treatment of biomass
in the sub- and super-critical water conditions,
innumerable reactions can occur in the system such
as hydrolysis, dehydration, decarboxylation,
aromatization, condensation, depolymerization/
polymerization, hydrogenation/ dehydrogenation,
rearrangements, isomerization reactions, etc. [40].
Mechanisms of these reactions have been reviewed
by [41], [42], [43] and [44]. The most common
chemical reactions taking place during SCWG of

(steam, liquid water, or ice). If water conditions are
brought above 374 °C and 221 bars, an additional
fluid state in reaction media shows up. It is neither a
gas nor a liquid when water is brought to its
supercritical conditions. The change in the different
properties of water is very rapid upon entrance into
the supercritical region. As shown in Table 1, the
density, dielectric constant, the solubility of organics
and inorganics from the physical properties of water
are changed significantly in the supercritical
conditions [15]. In this state, water has properties
between a gas and a liquid. The density of
supercritical water is less than the liquid water
density, but it is about 520 times larger than the
density of superheated steam. The viscosity and
diffusivity properties in the supercritical region are
more similar to properties of a gas. Also,
supercritical water has a very low dielectric constant.
These changes provide a high solvating power for
organics. In other words, rapid reactions take place
in supercritical medium without insignificant mass
transfer resistance because most organic compounds
and gases are completely miscible in SCW [15, 27].
Under these conditions, water acts as a nonpolar
solvent like pentane with good solubility for organic
components and gases and low solubility for salts
[28, 29].
Supercritical water gasification. Supercritical
water gasification is a process of biomass
gasification through the utilization of its special
solvent characteristics on FULWLFDO SRLQW ஈ&
temperature and 22.1 MPa pressure) of water- and
generation of hydrogen gas with high energy
content. Nowadays, H2 production is realized by the
steam reforming of methane [31], which causes net
CO2 emissions in the atmosphere. This way, it
contributes to global warming in contrast to
hydrogen production from biomass [32]. H2 is an
environmental friendly, clean, efficient and versatile
energy source. So, it is procreated from primary
energy sources like fossil fuels, solar energy, and
biomass. H2 production can be performed through
either biological or thermo-chemical processes [33].
Supercritical water gasification (SCWG) is a
technology dating back to the late 1970s [34] and it
has been brought solutions for different biomass like
wet-waste, wet-biomass, and aqueous-sludge
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7. A very short residence time reaction allows
the use of small-size reactors thanks to the singlephase reaction and low mass transfer resistance in
supercritical water [56]. The hydrogen produced can
be stored at high pressure, so that makes it easy to
use and transport and the cost required for the
pressurization of produced gas can be eliminated.
8. The gas produced can be very clean. NOx
and SOx generally do not release and the CO
concentration is very low [51],

biomass are steam reforming, water-gas shift,
oxidation and methanation reactions [45]. An
increased temperature will increase the H2 formation
because steam reforming reaction is endothermic.
However, operating costs (energy consumption,
equipment maintenance etc.) will also rise with
increasing reaction temperature. To solve this
problem, catalysts can be used to promote the C-C
and C-O bonds breakage and the water-gas shift
reaction and to enhance H2 yield without high
temperature [15]. Also, in the absence of complete
conversion, acetic acids and phenols are usually
found in the effluent aqueous phase. To ensure
complete conversion, a suitable catalyst is tested [46,
47].
H2 formation that is endothermic is related to
the water but CH4 formation is not dependent on
water, which is light exothermic. According to Le
Chatelier's principle, the formations of H2 and CH4
prefer high temperatures and high pressures,
respectively [25]. Kruse et al. [48] reported that more
than 50% of the formed hydrogen in SCWG could be
caused by water [6]. SCWG in contrast to other
thermochemical methods has high hydrogen
efficiency, and low tar production. SCWG needs a
much lower temperature to obtain the same H2
efficiency produced by the conventional gasification
process [49]. Gasafi et.al. [50] have proved that this
process has environmental sustainability based on a
life-cycle assessment.
Water under supercritical conditions plays very
different roles. The advantages of SCWG include:
1. The reaction temperatures are lower than the
conventional incineration, gasification and pyrolysis
methods [51],
2. Tar/coke formation due to the high solubility
of the reaction intermediate is low and high
efficiency is obtained [51],
3. The formation of single-phase reactions
occurs because of high solubility of the gas produced
[52],
4. It does not necessitate any drying steps that
require high energy such as evaporation during
thermochemical processes [53, 54] and it is therefore
an effective method for biomass with high water
content [51],
5. Wet biomass such as sewage sludge contains
more than 80% water. Thermochemical processes
such as incineration, pyrolysis and gasification
require water content of less than 10% [25, 55],
6. Water can act as polar, semi-polar and
nonpolar agent due to changes in dielectric constant
of supercritical water by controlling the density and
temperature. This ensures the dissolution of typical
raw material for the production of hydrogen in a low
mass barrier and a homogeneous transfer reaction
[51],

Disadvantages of SCWG:
1. It requires the use of specialized material
taking into consideration the corrosion, pressure
resistance and hydrogen aging and excellent
operational safety due to the high temperature and
pressure[57],
2. The realization of endothermic conversion
reactions requires a higher temperature in process.
This causes excessive energy consumption.
3. Limited solubility of salt in supercritical
water can cause the clogging of reactors or
associated piping and the plugging of pores of
heterogeneous catalysts. This problem will be
greater in parallel with the increasing content of
inorganic compounds in the feed [58, 59].
Biomass gasification is defined by the
gasification efficiency and the gas component. The
yield and its components may be affected by several
parameters such as operating parameters
(temperature, pressure, feed concentration, oxidant,
and reaction time) and biomass properties (lignin,
cellulose, protein content, inorganic elements, and
particle size). Lu, et al. [60] have reported that
temperature, pressure, feedstock concentration, and
residence time influence hydrogen efficiency. That
is to say, temperature is the most important
parameter in SCWG. It effects on the conversion,
product distribution and energy yield. SCWG
operates typically at near 600ºC. Hydrogen
conversion reaches 108% by exceeding 100% at
740ºC. This demonstrates that the extra hydrogen
comes from the water [45]. An appropriate oxidant
using may accelerate carbon gasification and
hydrogen yield in SCWG of some specific
feedstocks like lignin [6]. As the feedstock
concentration increase, tar/coke can consist and
hydrogen selectivity can decrease due to limitative
rates of hydrolysis and water-gas shift reactions [30].
Reaction time effect depends on other parameters
(temperature, pressure, feedstock concentrationtypes and reactor design). Time required to achieve
complete conversion can shorten by studying higher
temperatures and using catalyst [30]. In view of
economic and feasibility of the process should be
found optimal operating parameters by using real
biomass. In SCW,
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FIGURE 1
Block flow diagram for integrated SCWG hydrogen system (Adapted from [70])

In contrast to conventional gasification, SCWG may
mostly indicate an energy balance because of yield
self-sufficient processing and addressing the highmoisture content of aqueous waste such as sewage
sludge [4]. A flow diagram for integrated SCWG
hydrogen system is given in Fig. 1.

Maillard products formed from protein [61, 62],
asetic acid, phenol [63], lignin-containing biomass
are rather inert. It was reported in literature that free
radical scavengers decreased hydrogen yield via
hydrogen donation and found in liquid products after
SCWG [30]. Inorganic compounds have both
negative effect due to corrosion and positive effect
as catalyst. Also, some minerals like sulfur may
cause to catalyst deactivation [6]. However, the use
of catalyst can both affect its component and
improve the gasification and economic efficiency of
SCWG by lowering the operation temperature [64].
SCWG studies can be performed in two
categories by using supported and unsupported
catalysts [65]. Unsupported catalysts are water
dissolved alkali salts such as KOH, NaOH, Na2CO3,
K2CO3, Ca(OH)2 and supported catalysts are the
noble metals (Ru, Rh, Pd, Ir and Pt) or lower-cost
metals (Re, Sn, Pb, W, Mo, Zn, Cr and Ni) [66, 67].
Also, catalysts can be divided into quarters as alkali,
carbon based, metal and metal oxide catalysts.
Unsupported catalysts that have higher reactive
characteristics than supported catalysts may
transport salts out of the reactor in the form of
catalyst particles [68]. However, metal and metal
oxide catalysts are more advantageous than alkali
and carbon based catalysts in terms of easily
recyclability and high hydrogen selectivity. In
addition, unsupported catalysts produce a cleaner
effluent. This eliminates the need to treat it further
before its final disposal [64]. Actually, catalysts
could be inactivated by coke deposition, dissolution
or/and structural change of the support material, and
poisoning of the surface metal due to the formation
of metal-sulfur compounds. So, it is always of great
importance to develop more economic, more active
and more stable catalyst. Supported transition metal
catalysts (Ru/Al2O3, Ni/zeolite, Ru/TiO2) have been
used in model biomass like cellulose, glycerol and
lignin except real biomass such as sewage sludge.
It was informed that gas produced under
catalytic and non-catalytic conditions had
approximate compositions of H2: 40%-60%, CO2:
30%-70%, CH4: 15%-25%, and CO: 5%-30% [69].

RESULTS AND DISCUSSION
In recent years, hydrogen production through
SCWG of various types of biomass has been
conducted
with
extensive
experimental
investigations. Gasification of model compounds
such as cellulose, hemicellulose, lignin, glucose and
glycerol, which can be found in sewage sludge
composition, has been studied in the literature. In
addition, real biomass such as sawdust, corn starch,
potato starch and potato waste, vinasses, plant stalks
or sewage sludge as feedstock have also been
investigated [45]. The gasification of sewage sludge
in supercritical water has been investigated by a few
researchers. Table 2 provides the published literature
on SCWG of municipal sewage sludge. However,
experiments on SCWG of sewage sludge are still
limited. Moreover, as it can be seen in Table 2, all of
them were only carried out in batch reactors or
miniature scale continuous reactors.
The studies used reactor volumes in the range of 10
to 3000 ml, which was usually made from 316 SS.
Researchers investigated the effect of operating
parameters (temperature and pressure) and catalyst
in their studies. These researches were studied with
sewage sludge having solid content less than 5 wt%.
On the other hand, studies with sludge with solid
content at more than 10 wt% have been performed
with a view to having an economical treatment in last
two years. In case of using sludge with solid content
more than 15-25 wt%, the hydrogen production from
SCWG would be important for industrial
applications [6, 71]. This provides the economic
value of the process but needs high temperature and
causes low hydrogen production [71].
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TABLE 2
SCWG studies performed by sewage sludge
Feed

Reactor
Type

Reactor
Material

Reactor
Volum
e (ml)

T
(°C)

P
(MPa)

Time/
Flowrat
e

Catalyst

GE
(%
)

CG
R
(%)

HGR
(%)

H2
(%
)

CO
(%
)

CH4
(%)

CO2
(%)

C
2+

Referenc
e

Activated
Sludge
(2.8 wt%)

Continuous

Inconel
625

-

600

34.5

2
g/min

-

77

-

38

4

2

47

9

[46]

Activated
Sludge
(2.8 wt%)
+ Corn
Starch
(5.1 wt%)
Activated
Sludge
(0.23
wt%)
Activated
Sludge
(0.23
wt%)
Activated
Sludge
(3.2 wt%)
Primary
Sewage
Sludge
(2.8 wt%)
Secondar
y Sewage
Sludge
(4.5 wt%)
Dewatere
d Sewage
Sludge
(2.8 wt%)
SPP
Sewage
Sludge
(2 wt%)
Activated
Sludge
(3 wt%)
Activated
Sludge
(3 wt%)
Pretreated
Activated
Sludge
Supernata
nt (pH 13,
0.75
wt%)
Pretreated
Activated
Sludge
Supernata
nt (pH 7,
0.75
wt%)
Dewatere
d Sewage
Sludge
(9.1 wt%)
Dewatere
d Sewage
Sludge
(4 wt%)
Sewage
sludge
Sewage
sludge
Digested
Sewage
Sludge
(10 wt%)
Digested
Sewage
Sludge
(10 wt%)

Continuous

-

-

650

28

2
g/min

Coconut
Shell
Activate
d Carbon
Coconut
Shell
Activate
d Carbon

-

100

-

42

1

17

39

-

[72]

Batch

Inconel
625

1000

450

33

120
min

-

-

55

-

49

3

17

31

-

Batch

Inconel
625

1000

450

33

120
min

1.7*10M
K2CO3

-

85

-

47

1

15

37

-

[66]

3

Batch

Inconel
625

10.8

450

47.1

120
min

% 20
RuO2

-

11

23

56

-

37

7

-

[74]

Batch

Hastello
y Alloy

75

500

37

60 min

-

-

-

-

32.
5

7.8

13

46.
7

-

Batch

Hastello
y Alloy

75

500

37

60 min

-

-

-

-

20

9.1

16.
4

54.
5

-

Batch

Hastello
y Alloy

75

500

37

60 min

-

-

-

-

19.
2

11.
5

15.
4

53.
4

-

Batch

Hastello
y Alloy

75

500

37

60 min

-

-

-

-

44

0.8

12.
8

42.
4

-

Batch

316SS

50

380

23

15 min

-

58

84

46

0.1

25

29

-

Batch

316SS

50

380

23

15 min

1.5 gr
Raney
Nickel
-

-

10

-

16

6

9

69

-

Batch

316SS

50

350

20

30 min

0.075 gr
Raney
Nickel

-

47

101

73

0.5

6

21

-

Batch

316SS

50

350

20

30 min

0.075 gr
Raney
Nickel

44

86

63

0.6

8

29

-

[76]

Batch

316L SS

1000

400

23.5

60 min

-

-

-

-

29.
5

2.3

21.
9

33.
4

1
2.
9

[77]*

Batch

316L SS

1000

400

24-25

60 min

-

-

-

-

29.
7

2.5

17

50.
9

-

[78]*

Batch

75

450

34

60 min

-

-

34

60 min

-

-

-

400

25

30 min

7.7

5.9

-

66.
7

7.
4
6.
1
-

[79]

500

17.
7
17.
8
28.
6

4.6

450

66.
4
76.
1
-

3.9

75

2 gr
NaOH
3 gr
NaOH
-

-

Batch

Hastello
yC
Hastello
yC
321SS

Batch

321SS

500

400

25

30 min

2.6 gr
K2CO3

25.
3

20.
0

-

-

-

26.
5

73.
5

Batch

nd
4.8

nd

[75]

[69]

[80]*
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-
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Feed

Reactor
Type

Reactor
Material

Reactor
Volum
e (ml)

T
(°C)

P
(MPa)

Time/
Flowrat
e

Catalyst

GE
(%
)

CG
R
(%)

HGR
(%)

H2
(%
)

CO
(%
)

CH4
(%)

CO2
(%)

C
2+

Sewage
Sludge
Sewage
Sludge
Sewage
Sludge
Sewage
Sludge
Sewage
Sludge
Sewage
sludge
Sewage
Sludge
(8.9 wt%)
Sewage
Sludge
(4 wt%)

Batch

316L SS

100

450

25

30 min

-

-

-

5.5

100

450

25

30 min

-

-

-

2.6

Batch

316L SS

100

450

25

30 min

-

-

-

4.8

Batch

316L SS

100

450

25

30 min

-

-

-

316L SS

100

450

25

30 min

-

-

-

60.
3
69

-

Batch
Batch

316SS

572

450

25

2.5 min

6
gr
Na2CO3
2
gr
NaOH
-

-

-

-

14.
3
15.
1
14.
9
30

12.
2
11.
9
21.
9
11.
5
42

31.
9
52.
2
69

-

316L SS

60.
4
33.

2.2

Batch

6 gr
K2CO3
4
gr
KOH
-

-

Batch

316SS

140

450

21-25

25 min

-

30

28

-

30.
3

3.3

25.
4

41

1
2
-

Continou
s
(Fluidize
d
bed
reactor)
Continou
s
(Fluidize
d
bed
reactor)

316SS

-

500

25

25
gr/min

-

47

43

-

43

1.2

10

43

1.
4

316SS

-

500

25

25
gr/min

0.5 wt%
NaOH

50

45

-

50

0.5

10

38

1.
5

Sewage
Sludge
(2 wt%
sludge + 2
wt%
CMC)
Sewage
Sludge
(2 wt%
sludge + 2
wt%
CMC)
Sewage
Sludge
(2 wt%
sludge + 2
wt%
CMC)
Dewatere
d Sewage
Sludge
(15 wt%)
Sewage
sludge
Sewage
sludge

Continou
s
(Fluidize
d
bed
reactor)

316SS

-

500

25

25
gr/min

0.5 wt%
KOH

49.
5

45

-

55

nd

9

35

1

Continou
s
(Fluidize
d
bed
reactor)

316SS

-

500

25

25
gr/min

0.5 wt%
K2CO3

52

45

-

53

nd

6

39

2

Continou
s
(Fluidize
d
bed
reactor)

316SS

-

500

25

25
gr/min

0.5 wt%
Na2CO3

44

39

-

51

0.5

5

42

1.
5

Batch

Inconel
625

45

600

49.6

60 min

-

-

52

-

15

1

42

35

1
0

Batch

Titanium

3000

600

23

60 min

-

-

14

15

Titanium

3000

600

23

60 min

-

28

44

14.
4
12.
5

15.
1
33.
3

Sewage
sludge
Dewatere
d
Activated
Sewage
Sludge
(So) (22.1
wt%)
Sewage
sludge
(13 wt %)

Batch

Titanium

3000

600

23

60 min

10% Ni
+ 10%
K2CO3
200 % Ni

12.
1
4.2

-

Batch

58.
3
50

-

30

72

3.1

Batch

316L SS

100

400

23

60 min

-

-

-

-

60.
2
2.1

1.3

16.
3
0.6

20.
4
68

Batch

316SS

572

600

25

20 min

-

37.
1

32.
7

82.4

0.5

9.9

30.
7

Sewage
Sludge
(2 wt%
sludge + 2
wt%
CMC)

2.7
4.6
20

-

Referenc
e

[2]*

[2]*

-

[81]*

[82]*

55.
4

-

[83]*

[84]*

-

[73]*

-

[85]

% (mole basis) of each gas is determined by dividing the moles of gas per mole of total gas component. So, these
are about values.

*
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increased with a decrease in water content. H2, CH4,
and CO gas yields in comparison with CO2 were
slightly affected from water content. Moreover, a
serious carbonization reaction took place with low
water content [77].
Xu et al. [2] investigated the catalytic effects of
alkali salts (NaOH, KOH, K2CO3, Na2CO3 and
Ca(OH)2) on the direct gasification of dewatered
sludge in supercritical water. The study showed that
the hydrogen yield increased in the presence of the
alkali salts except for Ca(OH)2. Specifically, the
hydrogen yield increased from 0.68 to 3.45 mol/(kg
OM) as the K2CO3 concentration increased from 0 to
8 wt%. Also, it was observed that the addition of
alkali salts did generally not affect the organic matter
or total phenol concentrations in the liquid residue.
Moreover, char formation was considerably
suppressed by the alkaline catalyzed hydrolysis of
the dewatered sludge (except in the case of
Ca(OH)2). Zhai et al [80] examined the influences of
main operation parameters including temperature
(623±698 K), pressure (25±35 MPa), residence time
(10±50 min) and dry matter content (5±25 wt%) for
digested sewage sludge gasification in supercritical
water. They determined 10 wt% dry matter content,
698 K, 50 min reaction time and 25 MPa as optimum
operation conditions for the sewage sludge
gasification and carbon gasification efficiencies. In
this study, the effect of catalyst was also examined
by using potassium carbonate (K2CO3). Gasification
efficiency of 25.26% and a carbon gasification
efficiency of 20.02% were achieved when 2.6 g
K2CO3 fed into the reactor. The efficiency in the use
of catalyst was almost four times larger than
efficiency achieved without a catalyst [80].
Afif et al. [69] studied the gasification of
activated sewage sludge with the Raney nickel
catalyst at temperature range of 320±410 ƕC and
pressure range of 11.3±28.1 MPa by using a lab-scale
batch reactor. This study performed in near-critical
water (NCW) conditions has shown that carbon
gasification yield increased by increasing the amount
of catalyst used and maximum hydrogen production
reached at about 1.5 g catalyst/g dry sludge. The
gaseous composition in the present case contained
46% H2, 25% CH4 and 29% CO2 with a trace of CO.
Both the amount and composition of produced gas
did not showed significant change after 30 min and
380. The presence of sulfur caused to decreasing of
the carbon gasification rate (CGR) of activated
sewage sludge. CGR decreased about 25% when
sulfur content was increased from 0.8% to 3.0%.
Also, sulfur caused to the deactivation of the Raney
nickel catalyst because of hydrothermal sintering.
The hydrothermal sintering causes an increase in the
size of the catalyst. The deactivation was dropped
methane yield by six folds that are similar to noncatalyst gasification and hydrogen yield by 50% at
380 ƕC for 8 min.
It has been reported that complete SCWG of

Xu and Antal [72] reported that the plugging
problem came true because of the ash content of the
sludge (25.1% dry basis). Also, they observed that
the resulting liquid product is colorless and had low
TOC, and neutral pH. Gong et al. [73] treated 10
different types of dewatered sewage sludge in
supercritical water in a high-pressure autoclave
reactor under at 400 °C temperature, 60 min reaction
time, and 23 MPa pressure. The results showed that
dewatered sewage sludge with various water
contents (73.48 - 88.51 wt%), organic matter
contents (29.25 - 73.02 wt%, on dry basis) and
inorganic materials could be directly gasified in
supercritical water. The total gas and phenol
production had increased linearly in parallel with the
increment of organic matter content in dewatered
sewage sludge. They stated that hydrogen content in
the gaseous product may depend on the content of
water and inorganic material as well as pH value of
the sludge. The char/coke formed in the solid residue
increased in parallel with the decrement of water
content, which inhibited the gasification reaction and
resulted in the carbonization reaction.
Chen et.al. [82] investigated the gasification of
sewage sludge by a continuous fluidized bed reactor.
They determined the effect of temperature, feedstock
concentration, types and loadings of alkali catalysts
on the system efficiency. They have reported that
high gasification yield needs high temperature and
low feedstock concentration. Also, it was reported
that the use of catalysts like KOH, K2CO3, NaOH,
Na2CO3 increased the hydrogen composition in gas.
KOH has the most catalytic activity for hydrogen
production. At KOH addition and 540°C, hydrogen
yield reached 55.96%. Most of the carbon in sewage
sludge has presented in gas and liquid products. The
results of this study showed that alkali catalysts
principally promoted the water-gas shift reaction
rather than steam reforming. Zhang et al. [75]
investigated the gasification of secondary
pulp/paper-mill sludge (SPP), primary, secondary
and digested sewage sludge under supercritical
conditions. They studied at 400-550oC temperatures
and 20-120 minutes reaction times using batch
reactor. It was reported that SPP had the highest gas
production, where was achieved 37.7 wt% gas yield
(on a dry basis) at 550oC. They explained the better
performance of SPP with higher initial pH, alkali
metals and volatile matter content of the sludge. Xu
et al., [78] investigated the probability of the
dewatered sludge gasification in supercritical water
conditions and the effect of water content on
gasification yield by using a high-pressure autoclave
reactor at a constant temperature of 400 °C with
residence time of 60 min. They explained that
dewatered sludge could be effectively gasified with
water content ranging from 75 to 95 wt% as a result
of the study. The gas yield was decreased as the gas
production and the concentrations of OM (organic
matter) and total phenols in liquid product were
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recovery, in other words for economical process
[90]. Guan et al. [87] have observed that heat
exchanger efficiency above 80% and heat transfer
coefficient below 15 are necessary factors to keep the
system as an auto thermal system.

sewage sludge requires a temperature as high as 754
°C and such a high temperature needs a high capital
cost [86]. If the gasification takes place in a moderate
condition, liquid products should be treated [73].
Therefore, Qian et al. [85] have proposed that the
combination of SCWG and SCWO may be a
promising technology for the sewage sludge
conversion. The SCWG and SCWO (supercritical
water oxidation) combination can be preferred not
only to produce gas but also to get cleaner liquid
products.

Plugging problem. Plugging can be due to the
coke generated due to the incomplete gasification of
biomass and the low solubility of inorganic salts
(nitrates, phosphates, sodium etc.) in the reactor and
fittings. Plugging may appear at various grades by
depending on the operational conditions and the
selected biomass properties. Other causes include the
use of small size reactors, the durability of tubing
structures resistant to high pressures, formation of
char at the heating sections and creation of ash inside
the reactor [91, 92]. The plugging problem may give
rise to emergency shut down of the system after only
2-3 hours working [92]. Salts are mostly solved in
subcritical water. Therefore, salt clogging is less in
subcritical conditions [93, 94]. While some of the
salts are of higher density in the liquid phase
compared to the SCW phase, the rest of the salts,
mainly potassium salts, are found in solid phase [94,
95, 96]. Salt separation can be achieved by
precipitation [97], solvation in brines [96], and
hydro-cyclone [98] processes.
A fluidized bed SCWG system was developed
E\ *XR¶V JURXS LQ &KLQD WR DOOHYLDWH WKH VDOW
problem. Also, the use of transpiring wall reactor
(TWR) is an effective way to overcome the problem
by forming a protective water film on the internal
surface of the reactor to avoid contacting corrosive
species and precipitated organic salts [38]. The
researchers proposed that carbon formation and
deposition had been minimized by high temperature
[99, 100], short retention time, low feedstock
concentration [100] and use of a catalyst [101, 102].
As high temperature, long residence time and low
feedstock concentration promote gasification [82,
84, 103, 104], the addition of catalyst increases
conversion yields and formation of hydrogen [84,
103].
The options for avoiding reactor plugging are
as follows: using specific reactor configurations
(transpiring wall reactor, reverse flow tubular
reactor, centrifuge reactor, down-flow type reactor,
fluidized bed reactor, double-wall stirred reactor,
deep shaft reactor, and transpiring wall reverse-flow
tank reactor), selecting suitable operation conditions
based on feedstock type, including a reverse flow
tank reactor with a brine pool, adsorption on a
fluidized solid phase, high velocity flow, using
additives etc. Alternatively, using the moving
surface protects from contacting the reactor of
corrosive products and a stirrer in the reactor for salt
deposition can be set [105]. Also, it is very important
to find or produce resistant material to corrosion due
to high temperature and pressure [38]. Other
possibilities are to use multiple reactors and to pre-

Challenges and Proposals. Supercritical water
gasification that is an innovative technology in
biomass processing for different purposes has some
engineering problems due to high temperature and
pressure. Over the past decade, overdevelopment to
solve these problems has been occurred in the
SCWG technology. But, these engineering problems
have remained completely two open questions:
firstly, this technology is used for last 20 years,
namely it is a new technology, and secondly,
operation temperature and pressure are very high to
obtain optimum gas yield. Therefore, it is necessary
to develop reactor design configuration, auxiliary
equipment and reactor design materials specific to
SCWG technology.
Many laboratory studies have focused on the
better understanding this technology and to solve
these problems for its commercialization by using
mostly model biomass and some real biomass. These
problems and their solution proposals are discussed
below.
Heating rate. The feedstock heating rate has
very important effect on SCWG. Xu et al. [46] have
reported that catalyst deactivation postpones due to
decreasing tar formation as heating rate increases
[46]. Fast heating can be realized by mixing the
feedstock with hot water or by doing preheating to
ensure liquefaction in system. Thus, the biomass is
effectively gasified by minimizing the coke
formation in the system [38].
Energy recovery. SCWG process requires the
energy recovery because effluent has a great quantity
of enthalpy. Matsumura [55] and Guan et.al. [87]
reported that heat is necessary in the step of
feedstock heating. Therefore, required heat for
SCWG process could not be provided only by the
calorific value of biomass [55, 87].
The study conducted by Smith et al. [88] shows
that the concentration of feedstock is the key factor
for maintaining the process in an auto thermal mode.
For that reason, biomass loading should be less than
20% in terms of energy recovery. A biomass loading
of 15- 20% is suitable for an auto thermal
gasification process [87, 89]. Therefore, heat
exchangers with high efficiency must be
manufactured. This is essential for effective energy
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treat biomass to maintain both catalyst activity and
long-term operability by removing certain
components like alkaline earths (e.g. calcium,
magnesium, sulfur and phosphorus) through
membrane [92, 106]. Also, it has been reported that
salt separator with high efficiency designed to
remove through continuous precipitation of salts
from SCW [107, 108].
The reactor cleaning can be done with hot or
cold distilled water, compressed air, H2O2 and a soft
metal brush [92, 109]. For instance, the salt deposits
in the system can be cleaned by feeding 1.2 M H2O2
solution into reactor [109]. Especially, plugging
problems increase if the tube diameters in reactor are
small and resulting crystals are large and/or sticky.
Kruse [39] has proposed to use heterogeneous
catalysts and to decrease the velocity of the flow.
Moreover, the system will have fewer problems if
biomass/feedstock prepared with distilled water,
because salt amount in the biomass will decrease.

Feeding of sludge-corn starch paste mixture with
7.69 wt% dry matters by using this approach was
achieved. For that reason, liquefaction before
feeding or the use of dissolved feedstock makes
pumping more easy [55]. On the other hand, other
types of hot water treatment such as steam explosion
and electroporation can also be applied. Also,
biomass can be treated by means of reducing the
particle size using mills and crushers [25]. Other
solutions are to pump water against a piston
containing the biomass slurry [92, 117], to obtain a
suspended feed [109], to upgrade the pump outlet
hole more than 5000 microns, and to prepare slurry
with a suitable particle size for the pump exit hole by
applying pretreatments such as filtration, and milling
[108]. There is a limit value of solid content usually
20 wt% or less based on the type of biomass and pretreatment. To date, the highest solids concentration
that has been successfully achieved for a continuous
flow reactor for sludge SCWG is 15.38 wt% [72].

Continuous feeding. The continuous feeding
of dissolved organic wastes to the SCWG system is
very easy and well-understood. It is also easier to set
the desired pressure. On the other hand, the feeding
of substances containing insoluble organics and
particles has very big problems since it is difficult to
perform the transfer via the pumping mechanism and
the reliability of delivery mechanism under the high
pressure and temperature. So, to adjust the pressure
in the feeding of this type of biomass is very difficult.
But, continuous systems provide higher yield than
batch systems. Also, the heating rate in continuous
systems could be faster than in batch systems in view
of the small volume of the reactor and ancillary
items. Pumping efficiency depends on the fluid
properties (solubility, viscosity, particle size etc.)
and the pump choice such as HPLC pump [110, 111],
positive displacement pumps [112, 113] and syringe
pumps [114, 115], which are suitable to deliver low
viscous fluids [108]. Therefore, the dry matter
content of the biomass should be optimized
according to the pumpability limits on account of
clogging problems [34].
The feeding of biomass to reactor under
supercritical conditions is a technological problem
because some biomass including solid particulates in
the continuous feeding causes to precipitation. The
solutions to this problem are to use liquefying agents
such as sodium carboxymethylcellulose (CMC) or
xanthan gum increasing the viscosity of the slurry
(solid biomass and water) [38, 82, 116] and/or to
successfully apply a pre-treatment method in the hot,
pressurized water (150°C, 30min) [90]. The use of
liquefying agents provides the continuous pumping
of the feed. In addition, the feed can be successfully
delivered with the use of a high pressure liquid pump
such as cement pump [109]. Xu and Antal [72]
solved the problem of pumping by mixing corn
starch paste to sludge and selecting cement pump.

The separation of products. H2, CH4, CO and
CO2 are the main constituents of the gas by SCWG
of biomass. Removing CO2 to increase the calorific
value of the resulting gas could be done by three
approaches. Firstly, high pressure separator relying
on the higher solubility of CO2 than H2 in water can
be used; secondly, using a CO2 scrubber relying on
the same principle of high dissolubility of CO2 in
water in comparison with H2 and lastly, using
catalytic absorbing of CO2 with materials like
CaCO3, which is the most cost effective solution
particularly if target in the final product is syngas.
Nevertheless, CO2 can be seen as a noble gas if it
could indeed be captured, stored and sold. Tapah
[108] reported that the gas-liquid separation was
achieved in high yield by gravity precipitation and
by feeding from the center of the separator. Guo et
al. [38] reported that a gas phase with hydrogen
purity above 90% (in mole) was achieved by adding
excess water to gas mixture at high pressure. Also,
they separated H2 and CH4 in the liquid phase by low
pressure separator. Another choice for CO2 control
at a commercial scale is also CO2 capturing. This
choice could be used for storage and transportation
by pipeline to the offshore or saline formation. But,
there are some risks of CO2 storage to the onshore
and offshore (such as induced seismicity). These
constitute a potential risk to the groundwater and to
human health due to contaminations or hazards
[108].
Corrosion. Corrosion is a problem for
industrial scale applications takes place due to harsh
conditions and the presence of gases and minerals
[39]. Water at high temperature and pressure can
have highly acidic, basic, oxidizing, or reducing
characteristics. For example, heteroatoms (e.g.
sulfur, chlorine or phosphorous) in feedstock such as
sludge act as a corrosive acid under supercritical
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the heating rate of the heat exchanger is high [34].
Despite having some problems to be solved, the
SCWG is still a promising technology to convert
biomass into biogas. Especially, for the organic and
hazardous wastes, this promising technology can
allow both energy recovery and treatment at a high
efficiency [38].

conditions. Corrosion management in this
technology can be provided by using corrosion
resistant material, chemical and process control, and
designing efficient reactor [6, 118]. In general,
stainless steel and nickel-based alloys as reactor
material are preferred in SCWG [118]. But, stainless
steels (316L SS) or nickel-base alloys (Hastelloy)
usually have less mechanical resistance than
titanium or platinum. It was observed that highnickel alloys such as Hastelloy and Inconel caused
severe corrosion, which might not be proper for use
in SCWG [92, 109]. It was reported that gold,
platinum, niobium, tantalum and titanium metals
were used successfully as lining on stainless steel
tube [119, 120]. The SCWG reactor design
influences the chemical content of the feedstock and
product. Potential problems such as slag forming,
blocking and fatigue of the gasifier reactor, heat
exchanger and other components should be
accounted in the design [108]. Marrone and Hong
[118] probed corrosion control approaches such as
using vortex/circulating flow reactor to prevent
contact with biomass and reactor, using coatings that
decrease the heat transfer, using corrosion-resistant
material and reducing the temperature to 400 °C
from 600 °C. However, working at low temperatures
decreases carbon gasification efficiency as it has a
positive effect on solving corrosion. One proposal to
enhance efficiency at low reaction rates is to use
catalysts [34].
In addition to the above-mentioned challenges,
there are problems related to the catalyst (e.g.
catalyst deactivation, recovery of homogeneous
catalysts), problems related to higher feed
concentration use and capital cost. The catalyst
effect may be reduced by poisoning the catalyst
surface of sulfur; fouling of the catalyst surface of
precipitated salts, the formation of coke and
deposition on the catalyst surface [121]. Also,
supercritical conditions (high pressure and
temperature) decrease their activities by influencing
negatively the durable of the catalyst. Thus,
durability, H2 selectivity, activity, recyclability and
cheap catalyst are very important to operate
economic process through increasing the gasification
efficiency and lowering the reaction temperature.
The process parameters should be optimized by
using feedstock with higher solid matter
concentration to obtain high rate of organics removal
and gas product yields and economical operating.
A possible solution to coke formation causing
plugging problems in flow reactors [122] was given
by Kruse and Faquir [123]. This proposal is a
reaction process that a continuously stirred tank
reactor (CSTR) and a tubular reactor combination
are used. The tubular reactor provides to benefit from
the hydrogen formed through the intermediate stages
of the water-gas shift reaction and CSTR reactor are
used to do back-mixing in the system [123]. On the
other hand, coke/tar formation will decrease when

CONCLUSION
SCWG is thought to be the most efficient
technology in terms of organic biomass destruction
like sewage sludge and energy recovery within a
short time. This article has provided detailed
information about sewage sludge treatment by
supercritical water gasification that is a new, clean
and promising technology. Based on the literature
data, supercritical water gasification of sewage
sludge for hydrogen production as well as methane
is feasible according to technical and economical
evaluations compared to other conventional
methods. But, this nascent technology has some
challenges like corrosion, plugging and severe
operational conditions which prevent the full-scale
applications and reduce gas yield. To mitigate these
drawbacks, some proposals/solutions have given
such as a two-stage hydrothermal gasification
concept to achieve optimum hydrogen yield, the use
of catalytic process to get high yield and operate at
lower temperature and pressure, pre-treatments such
as steam explosion, electroporation and liquefying
by heat or chemicals, reducing the particle size by
mills, which facilitates the pumping of feedstock, the
selection of an appropriate reactor configuration and
materials.
As a result, this technology is at an early stage
of development. Therefore, more studies are needed
to achieve higher energy and economic efficiencies
for SCWG of biomass. In this way, the development
of simulation software as well as experimental data
at a pilot scale in the near future can be used as a
powerful tool to explore the scale-up of the process.
Instead of the conversion of model compounds, more
studies should be conducted with real biomass
because model compounds completely ignore the
effect of the biomass structure on the process. Model
compounds give only a better understanding of the
chemical process. We believe that SCWG will be a
promising technology geared towards overcoming
problems in the near future.
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of biodiversity, and have a toxic effect on human[59].
Dissipation is one of the most sensitive model
parameters determining the fate of pesticides in soil
[10]. Dissipation studies in soils are essential for
evaluation of persistence of pesticide and the data on
the rate of pesticide dissipation are extremely
important as they permit prediction of the potential
risk associated with exposure. The processes of
pesticide dissipation in soil can be attributed to a
number of sources including biodegradation,
adsorption, hydrolysis and formation of soil-bound
residue, volatilization, uptake, etc. Biodegradation is
an important mechanism controlling the fate of
pesticides in soils and is generally considered to be
desirable both form an environmental as well
agricultural perspective [11].
Fungicides containing pyrazole have been
registered and widely used for plant disease control
in recent years [12-14]. Penflufen {N-[2-(1,3dimethylbutyl)phenyl]-5-fluoro-1,3-dimethyl-1Hpyrazole-4-carboxamide} (Fig. 1) developed by
Bayer Crop Science, is a new fungicide of the
pyrazole amide group, mainly used for seed
treatment. In 2012, American, Canadian, and
Australian authorities proposed the approval of
penflufen and the registrations cover in-furrow and
seed piece treatments for potatoes, alfalfa,
vegetables, cereals, and oilseeds [15-18]. Penflufen
poses a low risk to non-target arthropods and
terrestrial plants, and a low toxicity to soil
microorganisms and aquatic organisms [19], but it is
highly toxic to fish based on acute toxicity tests [18].
To our knowledge, no systematic studies on the
dissipation of penflufen in soil have been reported in
the literature. Primary information on the fate of
penflufen in the environment is available only with
registration documents. According to publicly
available data from the European Food Safety
Authority (EFSA), the persistence of penflufen is
high in European and North American soils under
aerobic conditions and the half-life of penflufen in
soil was estimated at 115±336 days [19].
The objectives of this study were to establish a
simple, fast, and efficient analytical method to detect
penflufen residue in soil and to determine the
dissipation kinetics of penflufen under the influence

ABSTRACT
A sensitive analytical method was developed
for the determination of penflufen in soil based on
QuEChERS followed by UPLC-MS/MS. A
dissipation study of penflufen was carried out in soils
under laboratory conditions. The calibration range
was linear for penflufen from 0.5 to 100 ȝJ/, with
an R2 value of 0.9996. The recoveries obtained for
penflufen from Beijing soil were in the range of
87.8±109.5%, and a low limit of detection of 0.042
ȝJNJ was achieved. The results showed the
dissipation of penflufen in soil followed first-order
reaction kinetics and the half-lives varied from 55.4
to 203.9 days. Dissipation rate of penflufen
increased with temperature, and varied in three
different soil types. There was no significant
difference in dissipation of penflufen between
anaerobic or aerobic conditions. The dissipation rate
of penflufen was slower in sterile soil than in nonsterile soil. Dissipation and residue determination of
penflufen showed penflufen was moderately stable
in soils with different properties, under varying
temperature and moisture conditions, and in
sterilized soil during laboratory incubations. Soil
temperature, moisture, organic matter, EC and the
microbial population are key factors influencing the
dissipation of penflufen in soil.

KEYWORDS:
penflufen, residue determination, soil, dissipation, UPLCMS-MS

INTRODUCTION
Pesticides are widely used for crop protection
against various pests, diseases, and weeds and the
amounts of pesticides used have increased markedly
[1, 2]. The majority of pesticides applied are released
into various environmental media, including soil, air,
and water. Soil is a major sink for the bulk of
globally used pesticides [3, 4]. The persistence of
pesticides in environment is problematic as it can
lead to contamination of water sources, destruction
of soil quality and diatom community structure, loss
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CaCO3 with a Bernard calcimeter. The soil cation
exchange capacity (CEC) was determined by
ammonium acetate exchange method. The physicochemical properties of the soil samples are shown in
Table 1.

of varying temperature, moisture, soil properties,
and soil sterilization under laboratory conditions.

TABLE 1
Physico-chemical properties of the test soils
Soil origin
Soil
Beijing
Heilongjiang Yunnan
properties
soil
soil
soil
pH
7.6
6.0
7.6
EC(ds/m)
0.114
0.075
0.286
OM (%)
3.77
5.96
1.90
CEC (cmol
3.28
4.58
6.75
/kg)
CaCO3
38.7
15.2
17.8
(g/kg)
loam
Soil
loam
loam clay
clay
texture
Sand (%)
35.39
22.01
15.62
Clay (%)
49.91
36.15
45.69
Silt (%)
14.70
41.84
38.69

FIGURE 1
Chemical structure of penflufen

MATERIALS AND METHODS
Chemicals and Reagents. Analytical grade
penflufen (99.3%) was obtained from Sigma-Aldrich
(Steinheim, Germany). Accurately weighed
penflufen (50.3 mg) was transferred into a 50 mL
capacity volumetric flask and dissolved in 5 mL
acetonitrile. The volume was made up to the mark
with additional acetonitrile. A standard stock
solution of penflufen (1 mg/mL) was prepared in
acetonitrile and further dilutions were made in
acetonitrile depending on the experimental
requirements. All standard solutions were stored at
4 °C. Anhydrous magnesium sulfate and sodium
chloride were obtained from the Beijing Chemical
Co. (Beijing, China). HPLC grade solvents for Ultraperformance liquid chromatography tandem massspectrometry (UPLC) work were purchased from
Dikma Technologies Inc. (Beijing, China), and
ultrapure water was produced by a Millipore Milli-Q
system (Millipore Corp., Bedford, MA, USA).

Extraction and Clean-up of Soil Samples. A
modified Quick, Easy, Cheap, Effective, Rugged,
and Safe (QuEChERS) method was used for the
extraction and clean-up of soil samples. Soil (10.0 g
d.w.) samples were weighed into 50-mL centrifuge
tubes with screw caps. Ultrapure water (2 mL) and
acetonitrile (20 mL) were added into the tubes. The
centrifuge tubes were capped and agitated on a
shaker for 20 min. After adding 4 g anhydrous
magnesium sulfate and 1 g sodium chloride, the
sample tubes were shaken manually for 1 min to
prevent formation of anhydrous magnesium sulfate
conglomerate. Tubes were centrifuged at 2124 ×g for
5 min. The organic layer (1 mL) was transferred to a
2-mL micro-centrifuge tube containing 25 mg
primary secondary amine (PSA) and 150 mg
anhydrous magnesium sulfate. Samples were mixed
vigorously for 1 min and centrifuged for 3 min at
3059 ×g. Finally, the acetonitrile layer was filtered
through a 0.22-ȝPILOWHUPHPEUDQHDQGtransferred
into auto-sampler vials for UPLC-MS/MS analysis.

Soil Samples. Samples from three different soil
types were collected from farmland in Beijing,
Heilongjiang, and Yunnan Province. These soils,
which had no previous exposure to penflufen, were
collected form the plow layer (0-20cm). The natures
of the soils parent material were Cinnamon soil, Red
clay soil, and Black soil, respectively. The soil
samples were air dried, ground, sieved through a 2mm mesh screen, and stored in a plastic container.
The pH of the soils was determined in soil/water
suspensions (ratio 1/2.5) and their particle size
distribution was determined using the pipette method.
The soil organic matter content was determined by
potassium dichromate oxidation ± external heating
method and inorganic carbon was determined as

UPLC-MS/MS Analysis. Chromatographic
separation of penflufen was performed using a
Waters ACQUITY UPLC system (Milford, MA,
USA). An Endeavorsil C18 column, 100 mm × 2.1
PPȝP 'LNPD%HLMLng, China) was operated
at a flow rate of 0.3 mL/min. The mobile phase
consisted of 0.1% formic acid water (solvent A) and
acetonitrile (solvent B). The gradient program
changed as follows: 0 min, solvent A 90%, solvent B
10%; 1 min, solvent A 30%, solvent B 70%; 1.5 min,
solvent A 5%, solvent B 95%; 3.5 min solvent A 10%,
solvent B 90%; 4.0 min solvent A 90%, solvent B
10%. Total run time was 4 min. The column oven
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added to raise the level of water to about 3 cm above
the soil surface. All treated soil samples were placed
in an incubator at 25 °C.
The effects of the soil microbial population and
soil sterilization on dissipation of penflufen were
tested using Beijing soil. The tested soil was
sterilized at 121 °C for 30 min every day on 3
consecutive days. After the soil was completely
cooled, the penflufen solution and sterilized water
were added. The fortified concentration was 100
ȝJNJ, and the soil moisture level was 20%. The test
soil samples were kept in incubators at 25 °C.
Dissipation of penflufen in sterile soil was compared
with dissipation in non-sterile soil maintained at the
same moisture and temperature levels.

temperature was maintained at 25 °C, and the
temperature of the sample vial holder was set at 4 °C.
7KHVDPSOHYROXPHLQMHFWHGZDVPDLQWDLQHGDWȝ/
An ACQUITY tandem mass spectrometer
equipped with an ElectroSpray Ionization (ESI)
source was used to quantify the compound. The
nebulizer gas was 99.99% nitrogen, and the collision
gas was 99.999% argon. The ions were monitored in
positive multiple reaction mode and the ion
transitions monitored were 318.25 ĺ 234.19 (the
quantification WUDQVLWLRQ DQGĺ (the
qualify transition). For these two transitions, the
dwell time was always 161 ms and the collision
energies were 16 and 28 eV, respectively.
Desolvation temperature was held at 400 °C and 700
L/h desolvation gas flow was used. Masslynx V.4.1
(Waters, USA) software was used to collect and
analyze the data obtained.

Data Analysis. The dissipation kinetics of
penflufen in soil was determined by plotting the
residue concentration against time. The rate equation
was calculated from the simple first-order model.
The rate equation is Ct=C0eíkt, where Ct represents
the concentration of the pesticide residue (in μg/kg)
at time t (in days), C0 represents the initial
concentration (in μg/kg), and k is the first-order rate
constant (per day) independent of Ct and C0. The
half-life (t1/2) was determined from the k value for
each experiment, being t1/2=ln2/k. The data were
tested for normal distribution and two-way analysis
of variance (ANOVA) was performed on the data
sets using SPSS and the 'XQFDQ¶VPXOWLSOHUDQJHWHVW
was used for pair-wise comparison of different
treatment effects at p=0.05. Penflufen dissipation
was plotted on SigmaPlot 12.1. All other analyses
were done using Microsoft Excel 2007.

Dissipation Studies. Dissipation kinetics of
penflufen was quantified using laboratory incubation
experiments. The previously treated soil sample of
100 g was weighed into a 500-mL amber widemouth bottle. Ultrapure water (20 mL) was added to
the bottle to bring the soils to field capacity moisture
level (20%) and 10 mL ultrapure water was added to
bring the soils to 10% moisture level. All soil
samples were incubated in the dark for 15 days at
25 °C prior to initiating experiments.
The process of fortification with penflufen was
as follows: 1 mL of 10 mg/L penflufen solution in
acetone was added to one quarter of each soil sample,
left for 0.5 h to allow the acetone to evaporate, and
then mixed with the rest of the soil sample. The
initial concentration of penflufen in soil was 100
ȝJNJ. The bottle was shaken vigorously for 20 min
to achieve perfect homogenization and stored in a
fixed-temperature incubator. Soil samples were
incubated in darkness and 10 g (d.w.) of soil was
retrieved for analysis on days 0, 5, 11, 32, 50, 71, 91,
105, 126, and 147, respectively. The weight of the
incubation bottles was recorded to permit periodic
addition of water, so that the moisture contents of
soils was maintained throughout the study. All
experiments were carried out in triplicate. On each
sampling day, three samples from each treatment
were removed, processed, and analyzed.
The effect of temperature on dissipation of
penflufen in soil was studied at 25, 35, and 50 °C in
temperature-controlled incubators. The Beijing soil
fortified with 100 ȝJNJ penflufen was employed,
and the moisture level was maintained at 20%
throughout the study.
The effect of moisture content on dissipation of
penflufen was studied in Beijing soil under 10 and
20% moisture content, and under submerged
conditions, with 100 ȝJNJ penflufen. For the
submerged condition, 12 g of previously treated soil
samples (20% moisture level) were transferred into
50-mL centrifuge tubes and sufficient water was

RESULTS AND DISCUSSION
Method Validation. As shown in Fig. 2, there
were no interference peaks around the retention time
of the analyte. The external matrix-matched method
was used as a calibration method. The linearity of
soil extracts was studied in the range of 0.5±100 ȝJ/
with six calibration points (0.5, 1, 5, 10, 50, and 100
ȝJ/). Matrix-matched standards were prepared by
adding the aliquots of the standard solution to the
blank extracts obtained following the extraction and
clean-up of the soil sample procedure. The matrix
effect of the study method was measured by
comparing standards in solvent with matrix-matched
standards and the signal suppression enhancements
were used to estimate matrix effects [20-22]. The
matrix effect value of penflufen in soil was 112.75%.
A calibration curve was generated using leastsquares regression of concentrations against peak
areas of calibration standards and gave good fit
(y=12808.4x+308.518, R2 value of 0.9996). Based
on a signal-to-noise ratio of 3, the limit of detection
of penflufen in soil was 0.042 ȝJNJ. The limit of
quantification was 0.130 ȝJNJ at a signal-to-noise
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penflufen in Beijing soil was faster between the 32nd
and the 105th day than for any other period during
the incubation. Dissipation of penflufen was the fast
at 50 °C (t1/2 55.4 d) followed by 35 °C (t1/2 67.3 d)
and 25°C (t1/2 71.5 d). A two way ANOVA showed
the difference between the treatments (at 95%
confidence level p<0.0001, error mean square
13.372, treatment F value 22.253). Ducan¶s grouping
of A, B, and C were obtained for 25°C, 35°C, and
50 °C exposure treatments that clearly indicated that
the fastest dissipation at 50 °C in the soil. These
results revealed that soil temperature is a key factor
influencing the dissipation of penflufen in the soil.
Increasing temperatures may have enhanced the
solubility of some pesticides but also microbial
activity. Similar findings have been reported for
other pesticides, such as metaflumizone and fipronil
[23, 24] .

ratio of 10.

TABLE 2
Average recovery of penflufen in different
soils (n=3)
Fortified
Average
RSD
level
recovery
Matrix
(%)
(ȝJNJ)
(%)
1
95.9
6.8
Beijing soil
10
104.3
1.2
100
87.8
4.2
1
90.0
3.3
Heilongjiang
10
100.1
3.2
soil
100
93.1
1.6
1
95.5
4.8
Yunnan soil
10
104.9
0.8
100
109.5
1.8

FIGURE 2
Typical UPLC-MS-MS multiple reaction mode
chromatograms of penflufen of (A) standard (5
ȝJ/  % EODQNVRLOVDPSOHDQG & VSLNHGVRLO
VDPSOH ȝJNJ 
Fortified soil samples were used to evaluate the
extraction efficiency of the method. The spiking
procedure was as follows: 40 g of soil sample was
placed in a 100-mL amber flask and 8 mL ultrapure
water was added to the flask. Penflufen solution in
acetone (2 mL) with suitable concentrations was
then added to the flask. The flask was shaken
vigorously for 20 min to achieve perfect
homogenization of the compound in the soil. All soil
samples were fortified at different concentration
levels (1, 10, and 100 ȝJNJ). Three samples of each
concentration were processed. The recovery and
relative standard deviation (RSD) are shown in Table
2. Recoveries achieved for the compound in different
soil samples ranged from 87.8 to 109.5% and the
RSD of triplicates was less than 10%, indicating
good method sensitivity, accuracy, and repeatability.

Dissipation under Different Moisture
Conditions. The effects of moisture on the
dissipation of penflufen in Beijing soil were studied
at 10% moisture content, 20% (field capacity)
content, and under submerged conditions (Fig. 3b).
Kinetic parameters of dissipation showed that
dissipation was the fastest under field capacity (t1/2 =
71.5 days), followed by the submerged condition (t1/2
= 88.9 days) and 10% moisture level (t1/2 = 97.6 days)
(Table 3). On the 147th day, 31.6, 24.9, and 31.3%
of the initial concentration of penflufen remained in
the soil under 10% moisture, field capacity, and
submerged conditions, respectively. A two-way
ANOVA further showed the difference between the
treatments (at 95% confidence level p<0.0001, error
mean square 14.310, treatment F value 22.00).
Longer persistence under 10% moisture level might
attribute to low microbial activity. Moisture level of
20% may give enough water for microbial processes,
and pore space for oxygen to support aerobic
processes. Previous

Dissipation under Different Temperature
Conditions. The effects of temperature on the
dissipation of penflufen at 25, 35, and 50 °C are
shown in Fig. 3a. The dissipation followed firstorder kinetics and the R2 values were more than 0.98
(Table 3). The results indicate that the k of the simple
first-order model at different temperatures increased
with increasing temperature and was significantly
affected by the reaction temperature in Beijing soil.
The dissipation plot showed that degradation of
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TABLE 3
Kinetic parameters of penflufen dissipation under different temperature, moisture,
soil types and soil sterilization conditions
Parameters
Regression equation
Half-life
Rate constant (k)
R2
Ct=C0eíkt
(d)
Temperature (°C)
25
0.0097
0.9808 Ct = 100.87e-0.0097t
71.5
35
0.0103
0.9872 Ct = 96.327e-0.0103t
67.3
55.4
50
0.0125
0.9926 Ct = 96.122e-0.0125t
Moisture
10%
0.0071
0.9433 Ct = 105.68e-0.0071t
97.6
71.5
Field capacity (20%)
0.0097
0.9808 Ct = 100.87e-0.0097t
Submerged
0.0078
0.9523 Ct = 96.933e-0.0078t
88.9
Microbial population
71.5
Non-sterile
0.0097
0.9808 Ct = 100.87e-0.0097t
Sterile
0.0034
0.8994 Ct = 102.24e-0.0034t
203.9
Soil samples
71.5
Beijing soil
0.0097
0.9808 Ct = 100.87e-0.0097t
Heilongjiang soil
0.0117
0.9419 Ct = 96.615e-0.0117t
59.2
101.9
Yunnan soil
0.0068
0.9784 Ct = 99.245e-0.0068t

FIGURE 3
Dissipation of penflufen in soil under different conditions (a) temperature, (b) moisture regime, (c)
microbial population, and (d) soil type.
soil. So other possibility to explain the lack of
difference between submerged and field capacity
soils regard penflufen dissipation could be that no
micro-degradation, including hydrolysis, formation
of soil-bound residue and mineralization [27, 28],
was more important role than micro-degradation
under anaerobic condition than field capacity of the
soil.

studies also reported that the persistence of
pesticides increased with decreased soil moisture [25,
26]. There was no significant difference in the
dissipation of penflufen between field capacity and
submerged conditions. The possibility of causing the
result was anaerobic and aerobic microbes might
have similar effects on the dissipation of penflufen.
Under field capacity condition, microorganisms had
activity to degrade penflufen which had been proved
by the data of dissipation in sterile and non-sterile

Dissipation in Sterile Soil. The effects of the
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soil microbial population on the dissipation of
penflufen were investigated by comparing
dissipation in sterile or non-sterile Beijing soil under
field capacity moisture (Fig. 3c). On the 147th day,
62.5 and 24.9% of the initial penflufen concentration
remained in sterile and non-sterile soil, respectively.
Dissipation was significantly faster in non-sterile
compared with sterile soil (at 95% confidence level
p<0.0001, error mean square 16.340, treatment F
value 15.865), suggesting that the microbial
population in the soil plays an important role in the
dissipation of penflufen. Several studies indicated
that slow dissipation was observed in sterile soils
exhibiting weak bioactivity, and this parameter was
strongly correlated with dissipation rates of
pesticides [29-32].

spiking levels form 1-100 ȝJNJ with relative
standard deviations of 0.8-6.8%, respectively. In
Beijing soil, dissipation rate of penlfufen is higher in
non-sterile than sterile conditions. Under different
soil temperature and moisture conditions, the
dissipation of the pesticide was the fastest in 50 °C
or field capacity soil. Half-lives of penflufen were
71.5, 59.2, and 101.9 days in Beijing soil,
Heilongjiang soil and Yunnan soil under laboratory
condition, respectively. On the basis of the above
findings, we proposed that penflufen was moderately
stable in different soil types, and soil temperature,
moisture, organic matter, EC and the microbial
population were key factors influencing the
dissipation of penflufen in soil.

Dissipation in Different Soil Types. The
effects of soil properties on dissipation of penflufen
are shown in Fig. 3d. On the 147th day, 24.9, 19.9,
and 37.5% of the initial concentration of penflufen
remained in Beijing, Heilongjiang, and Yunnan soils,
respectively. Kinetic parameters of dissipation are
presented in Table 3. Half-lives of 71.5, 59.2, and
101.9 days, respectively, were obtained for the three
soils. A two-way ANOVA showed the difference
between the treatments (at 95% confidence level
p<0.0001, error mean square 89.361, treatment F
value 22.942). Ducan¶s grouping of A, B, and C were
obtained for Heilongjiang soil, Beijing soil and
Yunnan soil. The organic carbon content in soil
affected the survival of microorganisms and
increased abundance of the microbial population [33,
34]. Among three types of soils, the organic matter
contents of Heilongjiang soil (5.96%) were higher
than the other soils. High organic matter might be
responsible for the faster dissipation of penflufen in
soil, similar to previous reports [34, 35]. There was
a negative relationship between soil electrical
conductivity (EC) values and the dissipation rate of
penflufen in the soils. The soils properties of the test
soils showed that the EC value of Yunnan soil (0.286
ds/m) was about 2.5 and 3.8 times higher than
Beijing (0.114 ds/m) and Heilongjiang soils (0.075
ds/m), respectively. Soil EC has been used to
indicate the magnitude of salts in soil that are
harmful to plant growth. Studies reported that there
were significant negative exponential relationships
between soil EC values and indicators of microbial
activity, including microbial biomass C and basal
soil respiration [36-38]. The soil EC might affect the
dissipation rate of penflufen in soil.
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Group 15 of the periodic table of the chemical
elements. It occurs naturally in the environment at
trace levels and exists as inorganic and
organometallic species. However, the main existence
forms of Sb are inorganic species, and the
organometallic species are scarce in the environment
[1]. Antimony is categorized as a non-essential
element for plants, animals, and humans, but is toxic
to most organisms even if low level [2]. Some
researchers recognized Sb to be carcinogenic to
human [3, 4]. Therefore, Sb has been listed as a
priority pollutant by the United States
Environmental Protection Agency and European
Union [5].
In recent years, world production of Sb is about
140,000 tons per year, with about 120,000 tons in
China [6]. Antimony and its compounds have wide
applications in industrial production such as
increasing the hardness of alloy in lead-acid batteries
and in small arms bullets, functioning as a flame
retardant, and being used in the clarification of
ceramics and glass products [7]. Other uses include
the production of semiconductors and diodes,
transportation materials, and industrial chemicals [6].
It was estimated that up to 18,000 and 26,000 tons of
Sb per year were discharged into the aquatic
ecosystems and soils, respectively [7]. Hence,
human activities have had and continue to have a
tremendous influence on the environmental
geochemical cycle of Sb [8, 9].
Antimony is ubiquitous in environment
induced by rock weathering and anthropogenic
activities [10, 11]. Antimony concentrations can
reach 6064-7502 μg/L in Sb mine drainage [12] and
range from 57 to 7316 mg/kg in the sediment of river
near the Sb mine [13]. However, Sb concentrations
are usually less than 1.0 μg/L in non-polluted water
[1]. Some researchers have investigated the sources
and long-term accumulation of Sb in sediment. For
example, Shotyk [14] investigated the long-term
accumulation of Sb in the profile of ombrotrophic
peat in Switzerland. Lithogenic, oceanic, and

ABSTRACT
The objectives of this study were to determine
the total content and forms of antimony (Sb) and
investigate the geochemical relationships between
the mineral phases and the total Sb (TSb) as well as
its forms in the sediments of Yellow River Estuary
(YRE). Fifteen surface sediment samples were
collected and analyzed for the TSb content and Sb
forms. Results showed that the TSb content in the
surface sediments of YRE was in the range of 1.0810.04 mg/kg and averaged 5.22 mg/kg. The
amorphous and well-formed crystalline Fe and Al
hydrous oxides bound Sb comprised over 60% of the
TSb content. The contents of non-specifically sorbed,
specifically sorbed, and residual phase Sb accounted
for 1.25%, 18.9%, and 19.1% of TSb in the
sediments of YRE, respectively. The content of
amorphous Fe and Al hydrous oxides bound Sb
increased with the TSb content increasing.
Correlation analysis showed that the contents of clay,
Fe, Al, Mn, and total organic carbon (TOC) were
significantly and positively correlated with the TSb
content, respectively. The amorphous and wellformed crystalline Fe and Al hydrous oxides bound
Sb quantities were positively correlated to the Fe and
Al contents, respectively. In addition, significant
relationship between the Sb content in residual phase
and the TOC content of sediments was also observed.
Thus, the mineral phases of sediment have important
effects on the environmental behavior and fate of Sb
in the sediments of YRE.
KEYWORDS:
Antimony, Fractionation,
Yellow River Estuary

Sediment,

Geochemistry,

INTRODUCTION
Antimony (Sb) is one metalloid belonging to
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FIGURE 1
Schematic graph of the sampling sites in Yellow River Estuary.
River flows into Bohai Sea in Dongying, Shandong
Province in China. The area around YRE is one
anthropogenic sources of atmospheric Sb to a
populous area with many kinds of human activities.
maritime blanket bog was investigated [9]. Szefer et
This river is well known as a sediment-laden river.
al. [15] investigated the enrichment of Sb in the
About 1.05ten milliontons of sediments were
sediments of the Vistual lagoon. He et al. [16]
transported to the estuary every year [21] and
showed the Sb content was in the range of 0.13-1.77
deposited in the estuary, resulting in vast floodplain
mg/kg in the sediment of the Daliao River system.
and special marsh landscape [22]. Meanwhile,
The content of Sb ranged from 0.50 to 2.70 mg/kg in
approximately 4.40 hundred thousand tons of
the sediment of the Yangtze River system [17,18].
pollutants from the cities and industrial and mining
Wang et al. [13] reported the Sb content in the rivers
enterprises along Yellow River were discharged into
VHGLPHQW DURXQG WKH ZRUOG¶V ODUJHVW 6E PLQH RI
Bohai Sea from Yellow River in 2012, including 1.11
Xikuangshan in China. In all, based on its toxic
thousand tons of heavy metals which increased by
properties and ubiquitous presence in environment,
59.5% and 73.4% compared to 2010 and 2011,
much attention was paid to the Sb contamination in
respectively [23-25]. Since sediment deposition is an
environment
in
recent
years.
However,
important process in the formation and development
investigations on the Sb contamination in the coastal
of coastal marshes in YRE, large amounts of heavy
and estuarine sediments were scarce.
metal contaminants may deposit in sediments [26].
Similar to other trace metal(loid) species, Sb is
Thus, understanding the distribution and
found to associated with solid phases in soil and
geochemical behavior of heavy metals in the
sediment [6]. The partitioning reactions are likely the
sediments of YRE will be of significance.
predominant factors controlling the extent of Sb
Therefore, the objectives of this study were to
mobilization. In general, mobility, bioavailability,
comprehensively determine the total content and
and toxicity of heavy metals in sediment mainly
chemical forms of Sb in the sediments and
depended on their chemical state and the particular
investigate systematically the effect of mineral
compound it forms [19]. Though sequential
phases of sediments on the distribution and
chemical extractions have some disadvantages, such
environmental behaviors of Sb in the sediments of
as operation character, lack of quality control, lack
YRE.
of selectivity of the used reagents, and the
dependence of the results on the procedure chosen
[20], they have been used to reveal the distribution
information of heavy metals in sediments [19]. For
MATERIALS AND METHODS
evaluating accurately the environmental impact and
human health risk, investigation of Sb fractionation
Sediment sampling. In this study, surface
in sediment is needed. Therefore, sequential
sediment samples were collected from 15 stations (to
selective extraction procedures have been used in
a depth of about 15 cm) in April 2011 in YRE
this study to investigate the distribution and forms of
(Figure 1). At each site, the sediment samples were
Sb in the sediments of Yellow River Estuary (YRE).
taken from five different locations using cable
As the second longest river in China, Yellow
operated sediment samplers (Van Veen grabs,
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TABLE 1
Steps in the selective sequential extraction procedure.
Step
1
2
3

4

5

Fraction
Non-specifically sorbed Sb
Specifically-sorbed Sb
Amorphous
and
poorlycrystalline Fe and Al hydrous
oxides bound Sb
well-crystallised Fe and Al
hydrous oxides bound Sb
Residual

Extractant
0.05 M (NH4)2SO4
0.05 M NH4H2PO4
0.2 M NH4-oxalate (pH 3.25)
wash step: 0.2 M NH4-oxalate

Experimental conditions
4 h shaking (20°C)
16 h shaking (20°C)
4 h shaking in the dark (20°C)
10 min shaking (20°C)

0.2 M NH4-oxalate +0.1 M
ascorbic acid (pH 3.25)
wash step: 0.2 M NH4-oxalate
HNO3 ± H2O2

30 min shaking in water bath
at 96oC
10 min shaking (20°C)
microwave digestion

the TSb measurements was checked by conducting
an analysis of a certified reference material (BCRCRM 277b). The differences between the certified
and theoretical values were under the 7%.
Considering the similarities of environmental
behaviors for Sb and arsenic (As), the five-step
sequential extraction procedure for As described by
Wenzel et al. [27] was adopted for the chemical
forms extraction analysis of Sb using 1 g of dry
sediment in this study. The extraction procedures
were shown in Table 1. Non-specifically sorbed Sb
(F1), specifically-sorbed Sb (F2), amorphous and
poorly-crystalline Fe and Al hydrous oxides bound
Sb (F3), and well-formed crystalline Fe and Al
hydrous oxides bound Sb (F4) were sequentially and
selectively extracted by (NH4)2SO4, NH4H2PO4,
NH4-oxalate, and NH4-oxalate + ascorbic acid
solutions, respectively (Table 1). The content of
residual Sb (F5) was determined by calculating the
difference between the TSb contents and the sum
contents of the reactive fractions described above.
The suspensions were centrifuged at 10,000 rpm for
10 min at room temperature using a Xiangyi
centrifuge in each step. All the above supernatants
were filtered through a 0.45 μm membrane and
analyzed by HG-AFS. All reagents were analytical
grade. The precision of the sequential extraction
method was evaluated by the variation of
coefficients (CVs) of ten replicates from five
sediment samples. Average CVs of Sb were 6.2, 4.4,
5.1, and 3.3% for F1, F2, F3, and F4, respectively.

Eijkelkamp), mixed together, and placed in darkcolored polyethylene bags. After they were taken to
the laboratory immediately, these samples were
freeze-dried (FD-1A, China), slightly crushed,
passed through a two millimeter sieve, and stored at
4oC in glass bottles before analysis.
Analytical methods. General properties. The
content of total organic carbon (TOC) in the
sediments was determined with an elemental
analyzer. In a 1:10 of solid:liquid ratio suspension,
the pH values of sediments were determined using a
combination pH electrode (Orion, USA). By a LS
230 laser diffraction particle analyzer (Beckman
Coulter), the grain size distribution of the sediment
samples was analyzed and the percentages of clay (<
ȝP VLOW -ȝP DQGVDQGIUDFWLRQV (20-2,000
ȝP  ZHUH FDOFXODWHG ,n addition, about 1g of
sediment sample was digested with HNO 3±HF±
HClO4 and the contents of Fe, Al, Mn, and Ca were
determined by ICP-AES (IRIS Intrepid II, Thermo
Electron Co., USA).
The accuracy of the Fe, Al, Mn, and Ca
concentrations was checked by conducting an
analysis of three kinds of reference materials (GSS1,
GSS2, and GSS9) obtained from the Institute of
Geophysical and Geochemical Exploration, Chinese
Academy of Geological Science. The average
relative errors of Fe, Al, Mn, and Ca concentrations
in these reference materials were -1.45~2.74%, 0.32~1.98%, -0.42~1.15%, and 1.05~2.84%,
respectively. The precisions were evaluated by the
variation of coefficients (CVs) of two replicates from
six sediment samples. Average CVs were 2.35, 1.52,
1.43, and 1.75% for Fe, Al, Mn, and Ca, respectively.

RESULTS AND DISCUSSION

Determination of total Sb content and Sb
fractionations in the sediments. With aqua regia (1%
KMnO4) and 1% oxalic acid, another aliquot of
sediment sample was digested. By hydride
generation-atomic fluorescence spectroscopy (HGAFS) (HG-AFS230, Beijing Haiguang Instruments,
Inc., China), the total Sb (TSb) concentration in the
digestion solutions was measured. The accuracy of

1530

Basic properties of the sediments in YRE.
The basic physical-chemical properties of the
sediment in YRE are shown in Table 2. The
measurement results showed that the pH values of
the sediments ranged from 6.47 to 8.56, and
averaged 7.78, displaying an alkaline character. The
TOC contents of the sediments were in the range of
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TABLE 2
Basic properties of the sediment in the Yellow River Estuary.
TOC
Carbo
Clay
Silt
Al
Fe
Ca
%
%
%
%
%
%
%
3.42
0.35
12.90
41.70 4.91
4.92
1.54
1.73
0.34
3.47
7.80
2.17
2.55
0.40
50.54
97.93
26.93
18.70 44.27 51.80 25.83
1.15
0.05
7.57
25.90 2.05
1.66
1.05
6.95
1.13
18.12
60.30 8.24
10.16 2.25

Average
7.78
Stda
0.64
CV%b
8.29
Minimum 6.47
Maximum 8.56
a
Standard deviation
b
Coefficient of variance

Mn
%
0.06
0.03
52.34
0.02
0.14

TSb
mg/kg
5.22
2.90
55.50
1.08
10.04

TABLE 3
Basic statistical parameters of various Sb chemical forms in the sediment of the Yellow River Estuary.
Sites
Average
Stda
CV%b
Minimu
m
Maximu
m
a
b

Sb concentration (mg/kg)
F3
F4
F5

F1

F2

0.06
0.06
95.33

0.94
0.59
62.89

2.10
1.26
59.74

1.01
0.59
58.14

0.01

0.23

0.37

0.20

2.10

4.80

Sb proportions (%)
F3
F4

TSb

F1

F2

F5

1.10
0.84
76.37

5.22
2.90
55.50

1.25%
0.01
77.14

18.88%
0.06
31.11

40.70%
0.08
19.08

20.08%
0.07
34.62

19.09%
0.09
46.92

0.18

0.08

1.08

0.26%

10.24%

26.24%

8.78%

5.44%

2.00

2.84

10.04

3.66%

32.56%

52.16%

29.20%

33.17%

Standard deviation
Coefficient of variance
section of river. Therefore, the sediments showed the
high level of Sb. However, the minimal content of Sb
in the sediment was in the site Y15. This site was
located in the mouth of the Yellow River, so the
contaminant in the water is apt to diffused, and
doesn¶t precipitate. Therefore, the concentration of
Sb was low in the sediment of the site Y15.

1.15%-6.95%. The relatively high TOC contents
were observed at the stations Y10-Y15 ambient YRE.
The percentages of clay and silt ranged from 7.57%
to 18.12% and from 25.90% to 60.30%, respectively,
averaged 12.90% and 41.70%. The average
concentration of Fe, Al, Mn, and Ca in the sediments
of YRE was 4.92%, 4.91%, 0.058%, and 1.54%,
respectively, which were higher than that of Fe
(4.10%), but lower than that of Al (7.02%), Mn
(0.077%), and Ca (6.60%) in the sediment
worldwide [28].

(a)

12

F1

F2

F3

F4

F5

Sb conc. (mg/kg)

10

Total Sb content in the sediments of YRE.
The TSb contents in the sediments of YRE were in
the range of 1.08-10.04 mg/kg, with an average value
of 5.22 mg/kg (Table 3, Figure 2). The
concentrations of TSb in the site Y1-Y5 (3.73-7.15
mg/kg) and Y10-Y14 (7.15-10.04 mg/kg) were
apparently higher than those of other sites (1.08-2.85
mg/kg). There are big industrial districts (Dongying
and Hekou) in the south of the site Y1-Y5 and in the
north of Y10-Y15. Thus, large quantities of
industrial and municipal wastewater effluents might
contribute to the relative high level of Sb in the
sediments. However, a rural setting and large-scale
farms were along the sites Y6-Y9, so minor
contaminants were discharged into the river. The
highest concentration of Sb was observed at site Y12.
Water flows slowly in this river section. Tidal effect
is also anabatic. Large amounts of suspended particle
matters in the water of Yellow River deposited in this

8
6
4

2
0

Y15 Y7 Y8 Y6 Y9 Y4 Y5 Y3 Y2 Y13 Y1 Y10 Y14 Y11 Y12
Sampling stations

(b) 100%
Sb fraction (%)

80%

60%
40%
20%

0%
Y15 Y7

Y8

Y6

Y9

Y4

Y5

Y3

Y2 Y13 Y1 Y10 Y14 Y11 Y12

Sampling stations

FIGURE 2
Absolute partition patterns (a) and relative
partition patters (b) of Sb among sediment
fractions in the sediment of the Yellow River
Estuary.
Investigation showed that the terrestrial
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abundance level was around 0.7 mg/kg [29], which
can be greatly exceeded in some industrialized
regions. The minimal concentration of Sb (1.08
mg/kg) observed in this study also exceeded this
abundance level. The Sb content in the sediments
drawn from µnon-contaminated¶ areas of Puget
Sound ranged from 0.3 to 1 mg/kg and the
concentrations in suspended matter taken from rivers
entering the Sound ranged from 0.2 to 4 mg/kg,
samples drawn from within a kilometer of a copper
smelter contained up to 10 mg /kg Sb[30]. The Sb
content in the environmental matrixes around the
mining area was very high. For example, it could
reach up to 258,000 mg/kg in the sediments at some
studied mine sites [31]. However, few studies have
paid attention to other regions. He et al. [32] showed
the Sb contents was in the range of 0.13-1.77 mg/kg
in the sediments of the Daliao River system. The
contents of Sb ranged from 0.50 to 2.70 mg/kg in the
sediments of the Yangtze River system [17, 18]. The
Sb levels in YRE observed in this study were
apparently higher than those in the Daliao River
system and the Yangtze River system. In addition,
the Sb concentrations from upper continental crust
(0.31 mg/kg), the world sediment (1.2 mg/kg), and
the background content value from Shandong
province (0.9 mg/kg) were lower or comparable than
the average concentration of Sb in the sediments of
YRE observed in this study. Therefore,
anthropogenic sources might contribute to the Sb
contents in the sediments of YRE.

Fresenius Environmental Bulletin

environmental conditions. But it is difficult to
compare data obtained from different experiments
with different soils extracted using different
chemical extractants. Exchangeable or weakly bond
Sb (often determined with a mild extract such as
ammonium nitrate) typically accounted for only a
small proportion to the total contents [32-35].
Crystalline and non-crystalline oxide and hydroxide
minerals are important for Sb sorption. For example,
Wenzel et al. [27] using oxalate extract on soils
found that 12-73% and 13-39% of total As was
associated with the amorphous to poorly crystallized
and the well-crystallized Fe and Al hydrous oxides,
respectively. Muller et al. [36] using the extraction
procedure described by Wenzel et al. [27] for
determining the Sb fractionation have found that up
to 92% of TSb is associated with the amorphous and
crystalline Fe and Al oxides. Tighe and Lockwood
[34] found that 30-47% of TSb was associated with
non-crystalline Fe and Al hydroxides. Of course, the
Sb source might have an important effect on the
proportion associated with the Fe and Al hydroxides
[32]. But the results observed from these studies
suggest that amorphous and well-crystalline Fe and
Al hydrous oxides bound Sb is the main fraction in
the soil and sediment.
The residual or highly recalcitrant metalloid
fraction usually determined with a strong acid digest
and generally represents the portion of unavailable
metalloid in soil and sediment. This faction depends
not only on the pollution source, but also on
interactions that control mobility such as dissolution
of primary phases, adsorption of the metalloids by
other soil phases, and interaction of these with other
variables (pH, redox, and competing ions). Some
researchers found that 60% of total As in tailings
from smelting activities was present as the residual
fraction [37, 38], but only 15% of total As was
measured in the residual fraction of soils with
detectable arsenopyrite and pyrite in a mineralized
area [39]. Some studies showed that the residual
phases of Sb were high, up to 98% in contaminated
soil around mine [32-35]. In all, there are some
studies verified the similar trends for Sb and As
fractionation in soil. These results include the low
mobility and high proportion of Sb associated with
the oxyhydroxide soil fraction or the residual
fraction.

Chemical forms of Sb in the sediments of
YRE. The Sb contents in the F1, F2, F3, F4, and F5
fractions were in the range of 0.01-0.20, 0.23-2.10,
0.37-4.80, 0.18-2.00, and 0.08-2.84 mg/kg,
respectively, with averaged values of 0.06, 0.94, 2.10,
1.01, and 1.10 mg/kg. The average proportions of Sb
in F1, F2, F3, F4, and F5 were 1.25%, 18.88%,
40.70%, 20.08%, and 19.09%, respectively (Table 3,
Figure 2), and were in the order of F3 > F4 > F5 >
F2 > F1. The sum of F3, F4, and F5 fractions
comprised over 80% of the TSb content. The average
values of Fe and Al hydrous oxide bound Sb (F3 and
F4) were over 60% of the TSb content. Moreover,
the contents of F3 in the sediments of YRE generally
increased with the TSb contents increasing (Figure
2). These results showed that the mineral binding Sb
in sediments of YRE is mainly Fe and Al hydrous
oxides. Anthropogenic Sb might firstly bind to Fe
and Al hydrous oxides in the sediments, especially
to amorphous and poorly-crystalline Fe and Al
hydrous oxides.
Single or sequential chemical soil extraction is
frequently used to infer Sb association with specific
phases such as minerals or organic matter. The
information provides useful information on potential
metalloid availability or mobility under specifically

Effect of mineral phases on the distribution
and fraction of Sb. Regression analysis showed that
the TSb content was positively correlated to the clay,
Fe, Al, Mn, and TOC contents in the sediment of
YRE, respectively (Figure 3). In addition, the Sb
content in the F3 and F4 were positively correlated
to the Fe and Al content (Figure 4). Therefore, the
mineral phases of sediments strongly affected the
distribution and behavior of Sb in the sediments of
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FIGURE 3
Correlations between the total Sb content and
the content of clay, Fe, Al, Mn, and TOC in the
sediments of Yellow River Estuary: (a) TSb vs.
clay, (b) TSb vs. Fe, (c) TSb vs. Al, (d) TSb vs.
Mn, (e) TSb vs. TOC.
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FIGURE 4
Correlations between the Sb forms and the
mineral phases in the sediments of Yellow River
Estuary: (a) Sb in F3 vs. Fe, (b) Sb in F3 vs. Al,
(c) Sb in F4 vs. Fe, (d) Sb in F4 vs. Al, (e) Sb in
F5 vs. TOC.
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Sb (III) was sorbed to soils, and like As (III), a high
proportion of the sorbed component was nonexchangeable; and sorption increased as the silt and
clay fraction increased. Moreover, the relative
sorption of Sb was higher in mineral soils compared
to organic rich soils. Arsenic (III) sorption in soils is
largely irreversible, and governed by the presence
and abundance of Fe oxides [52]. Wauchope [53]
reported that arsenate binding by alluvial soils was
strongly correlated with the clay and Fe oxide
contents of soils but was independent of organic
matter. If the similar behavior between As and Sb is
assumed in environment, the adsorption of Sb in
soils and sediments might be different from that for
pure mineral and organic matters. Therefore, the
environmental behaviors of Sb in sediments or soils
will need to be studied deeply in the future.

Clay minerals in sediment possess great surface
areas, thus they might adsorb large quantities of Sb
onto their surfaces. In addition, Al-silicate oxide
colloids were observed as fine particles within the
clay particles. Arsenic sorbed on clay minerals
through broken edges of clay particle, commonly
through surface ligand exchange mechanisms.
Although less well studied about the interaction with
clay minerals, it can be concluded that Sb association
with Al-silicate minerals might be important
depending on Sb origin e.g. a greater fraction bound
to the silicate fraction when Sb has a primary mineral
origin [40]. Therefore, Sb might be strongly retained
by clay minerals.
Investigation verified that Sb is bind to Fe
hydroxides by extended X-ray adsorption fine
structure measurements of soils [41]. Sb (III) and Sb
(V) bind strongly to pure hydroxides of Fe and Mn
[42]. Sb (III) sorbs strongly to hydrous Mn oxides
and sorption decreases in the order MnOOH >
Al(OH)3 > FeOOH [43]. Sb (V) sorption is strong by
a non-crystalline Fe hydroxide and hematite under
acidic conditions because of a combination of
surface binding sites [44, 45]. However, Sb (V)
sorbed specifically on Fe hydroxides by the form of
mixed inner-sphere complex formations in
contaminated shooting range soils and on goethite
[41, 46]. In all, Sb and its compounds can bind
strongly to the pure minerals including Fe, Al, and
Mn oxides and hydroxides. Therefore, these basic
minerals phases affect deeply the transformation and
fractionation of Sb in sediment.
Several mechanisms for Sb (III) binding with
humic matter phenolic, carboxylic and hydroxylcarboxylic groups have been proposed including
ligand exchange with the Sb center, and formation of
negatively charged Sb complexes with carboxylic
groups [47, 48]. From these findings, it can be
concluded that chelation, H-bridges or cationic
metals may stabilize the Sb (III) binding. Steely et al.
[49] observed that humic acids in contaminated
shooting range soils had a high capacity for
complexing and tightly binding Sb (V), trapping
most in the soil organic layer; and Sb (III) was
oxidized to Sb (V) by humic acid. Tighe et al. [50]
also reported significant sorption of Sb (V) on humic
acid. In the present study, positive correlation
between TOC and TSb suggests that organic matter
plays a significant role in controlling Sb transport in
the sediments of YRE.
In fact, the studies mentioned above mainly
focused on the correlations between Sb and pure
minerals or organic matters. Environmental
behaviors such as adsorption of Sb in soils or
sediments are less studied than on pure phases. The
fate and behavior of Sb in soils or sediments might
be different from that for pure minerals. For example,
Wilson et al. [51] found that more than 50% of added

CONCLUSIONS
The Sb contents in the sediments of YRE
averaged 5.22 mg/kg and ranged from 1.08 to 10.04
mg/kg. The amorphous and crystalline Fe and Al
hydrous oxides bound Sb was the main fractionation
of Sb, and increased with the TSb content increasing.
Therefore, anthropogenic Sb might first bind to
amorphous and poorly crystalline Fe and Al hydrous
oxides in the sediments. Correlation analysis showed
that the TSb content was significantly and positively
correlated with the content of clay, Fe, Al, Mn, and
TOC in the sediment, and the contents of amorphous
and crystalline Fe and Al hydrous oxides bound Sb
were correlated with the Fe and Al contents in the
sediments, respectively. These results suggested that
the basic physical-chemical properties, especial for
the Fe, Al, and Mn contents, heavily effected the
distribution and environmental behaviors of Sb in
the sediments of YRE.
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ABSTRACT

INTRODUCTION

Bafa Lake is one of the largest Turkish Lagoon
lakes in Aegean Region covering a surface area of
50km2. Because of its water capacity and myriad
benefits in aquaculture facility, agricultural activities
and tourism. The lake is considered as an important
wetland within Buyuk Menderes basin. This study
investigate the aquaculture facilities and
anthropogenic sources of pollutions and how they
affect the water quality of Bafa Lake. The major
factors that control the quality of Bafa Lake water
are agricultural activities in the basin, domestic and
industrial wastes that come from Buyuk Menderes
River and its surrounding lake, fisheries and
aquaculture facilities. Contaminants located in the
Lake are continuously having a negative impact on
its water quality during the last three decades. The
effect of sea bream (Sparus aurata) and sea bass
(Dicentrarchus labrax) cultivation facilities on
surface water quality in the Lake were determined.
Water samples were taken from five stations
between April 2013 and March 2014 from Bafa
Lake. Sample were analyzed for water temperature,
pH, dissolved oxygen, electrical conductivity,
amonium nitrogen, nitrite nitrogen, nitrate nitrogen,
and orthophosphate. From result surface water
quality was assessed based on the comparison of
samples collected near aquaculture stations. For
reference, a sample was taken outside the cultivation
area and compared with the Water Pollution
Registration Act (WPRA) standards. According to
the WPRA, surface water quality of the Lake was
classified as level II. At the end of analyses, it was
revealed that the area where aquaculture activities
were intense showed high rate of polution than the
other 3 stations as well as the reference station. The
results show that, aquaculture activities on sea bream
and sea bass have a negative impact in the entire
Bafa Lake.

Bafa Lake is a shallow lagoon located in the
Buyuk Menderes River Basin from Southeastern part
of Aegean Region (Turkey). It is one of the largest
coastal shore lake of the Aegean Region. Bafa Lake,
also known as Camici Lake is a private wetland
which is very important for the livelihood of the
people around the area offering several benefits for
the economy of the region and the country. The lake
constitutes a significant and original ecosystem in
terms of conservation of natural resources and
biological diversity [1, 2].
Bafa Lake was listed among the 76 most
important international wetlands in Turkey [3,4] and
it is one of the Turkish most important areas for
birds. From 1989 it is a natural protected area and in
1994 was declared a Natural Park [5, 2].
The Lake is characterized by a rich fauna and
flora comprising 15 different fish species.
Furthermore, the lake has a high fish larvae breeding
potential serving as an important reservoir for
fisheries [5, 6]. Never the less, after the deviation of
water in flow of Buyuk Menderes River due to the
creation of several dams along the watercourse, the
river start getting affected by several human
disturbances mainly due to agricultural activities and
domestic pollution. To date, drying and
improvement work to acquire new land for
agriculture, illegal catch of eggs and juveniles,
uncontrolled cutting and burning of reed, fish
farming implementation in lagoons, increasing of
sedimentation, lack of water management and
excessive tourism activity represent the main
disturbances for Bafa Lake ecosystem.
Turkey is having 26 major river basins
comprising 200 natural lakes, 700 ponds and 794
reservoirs [7]. Conversely, the country hosts
1.263.995 acres of inland water suitable for aquatic
production. Aquaculture production in Turkey is an
important fishery activity for both sea and inland
water. On fish production current information
reveals that Turkish inland fresh and marine water
are about 52.71% and 47.29% respectively. Total of
1.935 licensed inland fish farms (with a capacity of

KEYWORDS:
Bafa Lake, Aquaculture, Environmental effects, Water
quality, Sea bream, Sea bass
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245.166 tons) and 418 marine aquaculture facilities
(total capacity of 217.166 tons) are currently
identified [8].
The Turkish marine aquaculture industry is
mostly issued in southwestern Turkey near the
Aegean Sea for the last 3 decades [8]. In this area the
main fish species are sea bream Sparus aurata L.,
1758 and sea bass, Dicentrarchus labrax (L., 1758).
With the development of marine fish farming in the
Aegean region, three large fish farm facilities for
production of fish larval were estabilished in Bafa
Lake.
In 1959, the National Water Supply directorate
has conducted fishery works in dam lakes, which
resulted in limnological analyses of 183 dam lakes
and 12 natural lakes [9]. For commercial reasons,
there are approximately 255 fish species of different
culture in eight fish farming stations around Turkey.
178 dam lakes, 320 ponds, 12 natural lakes, and
reservoirs belonging to other institutions are found
in turkey. 45.585 tons of aquatic products by
cultivation was produced in 2004. However, only
20% of this (9.117 tons) is from inland water
production. In these lakes, approximately 110 cage
cultivation projects with a total capacity of 6.617
tons have been implemented, 15% of which
comprises the total inland water cultivation (44.115
tons) [9].
Sea bream, sea bass, European ell, Anguilla
anguilla (L., 1758), gibelcarp, Carassius gibelio
(Bloch, 1782), Thinlip grey mullet, Liza ramada
(Risso, 1827) and Flathead grey mullet,
Mugil cephalus (L., 1758) have a great potential in
Bafa Lake in terms of economic importance.
A study on 17 water bodies of fish species and
mean value of measured environmental variable
(pH, EC, DO, Temperature) of South Aegean region
was given by Ozdemir et al. [10].
Distruption of lake and sea sediment around
aquaculture facilities (fish cages) is one of the most
widely documented effect of fish farming. These
changes are demonstrated through disturbances of
sediment in diffirent level as an accumulation of
phosphorus, nitrogen compounds and organic carbon
[11].
Because of the significant capability for fishery
production of Bafa Lake, maintenance of water
quality of the lake is fundamental. The aim of this
study was to assess the water quality status of Bafa
Lake and evaluate the potential impacts of fish
farming activities on water quality.
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Gulf of Agean Sea that split at the shore. Bafa Lake,
is a lagoon lake located in the southwestern part of
Turkey, having boundaries with Aydin and Mugla
provinces and covered an area of about 70 km2 with
10 m sea level with maximum depth of 21 m. this
wetlands is among the A category. For a long time
the lake is mainly fed by Buyuk Menderes River,
(average rainfall of about 545 mm). Additional
streams flow into the lake are from Besparmak
Mountains. ,OEÕUMountains is found at the south of
Bafa Lake; from the north is Besparmak Mountain.
There are five island around Bafa lake monastery
and castle Defense Island, Ikiz Island, Menet Island,
.DSÕNÕUÕIsland and Kahve Hisar Island [12].
The bay, known as the arm of the Agean Sea is
formed from the silt carried by running water coming
IURP%X\XN0HQGHUHV5ÕYHUBafa Lake was form in
M.S. 1500 when the lake lost it connection to the sea.
During Hellenistic era (B.C. 323) the lake has been
dominated by marine conditions (4). The weather
around the lake during winter is temperate and rainy
while in summer is dry and hot like the
Mediterranean climate [13].

FIGURE 1
Study Area of Bafa Lake.
Sampling Method. Water samples were
collected from 5 stations. A reference station (called
station 5) as selected at the mixing point of Bafa lake
and Buyuk Menderes River. This area is close to the
main freshwater input. The begining of summer
water coming to the lake is totally closed for supply
of cotton fields, because of this the water level in the
lake decrease in summer.
A second station (called station 4) was selected
near the larval fish production area close to Buyuk
Menderes River in flow and 3 fish production
conduit area. The water used for aquaculture
production is taking from 40-50 m debt. The water
used for production is then release from pond.
The other 3 stations (stations 1, 2 and 3) were
selected from different coordinate of the lake.
Samplings were carried monthly between April
2013 and March 2014. From every sampling station.

MATERIALS AND METHODS
The Study Area. Bafa Lake is located between
37o ¶¶1ODWLWXGHDQG27o ¶¶(ORQJLWXGH )LJXUH
1), and covered a total of 229 km land area;
Buyuk Menderes River passes through Bafa
Lake by silt which is carried by running water from
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Temperature, salinity, pH, electric conductivity and
dissolved oxygen (DO) (mg/L) were measured
directly on the field by means of MultiProb (YSI 556
MPS). Sample of water was collected at 20 cm below
the surface in a 1 liter pre-cleaned plastic container
(Niskin bottles).
The samples were immediately transfered to
the laboratory. The water samples are filtered by
0.45 ȝPSRUHVL]Hmembrane filters and arranged in
separate aliquot. All samples were stored at 4 °C
until analysis.

RESULTS
The average, minimum and maximum ranges
of water qualities parameters in Bafa Lake were
given below together. The results of ANOVA and
post-hoc Tukey test (Table 2). The mean value of
temperature and orthophosphate did not differ in the
stations (P<0.05). The mean value of electrical
conductivity, salinity and nitrite measured in station
4 (close to aquaculture facilities) resulted
significantly different (P<0.05) from the other 4
stations. Moreover the value of pH, DO and
ammonium resulted significantly different (p<0.05)
just between station 4 and station 5 (reference
station). The mean values of nitrate nitrogen of
station 4 were significantly different from stations 1
and 2.

Analytical
procedure.
The
anions
(ammonium nitrogen, nitrite nitrogen, nitrate
nitrogen and orthophosphate) was analyzed by
spectrophotometry, using a Hach Lange Dr3900
UVVIS Spectrophotometer (Table 1).
Water parameters was measured in the
laboratory by SM standard method [14]: Ammonium
nitrogen by Phenate method, SM 4500-NH3-F;
Nitrite nitrogen by Colorimetric method, SM 4500NO2-B; Nitrate nitrogen by Hydrazine reduction
method, SM 4500-NO3-H and Orthophosphate by
Stannous chloride method, SM 4500-PD.

Water temperature. The mean of water
temperatures were 22.90; 22.30; 22.20; 22.40 and
21.20 °C at stations 1, 2, 3, 4 and 5, respectively.
Lowest temperature (8.90 °C) was seen in December
at station 5 whereas the highest temperature (31.30
°C) was measured at August in station 4. From one
year study period, the mean water temperature was
22.21 °C (Table 2; Fig. 2).

TABLE 1
Inland water quality criteria according to
WPCR.
Water Quality Parameters
I
Temperature
(qC)
pH

Water Quality Classes
II
III
IV

25

25

30

>30

6.58.5

6.58.5

6.09.0

6.09.0

8

6

3

<3

0.2

1.0

2.0

>2.0

Nitrite nitrogen
(mg/L)

0.002

0.01

0.05

>0.05

Nitrate nitrogen
(mg/L)
Ortho phosphate
phosphorus
(mg/L)

5

10

20

>20

0,02

0,16

0,65

>0,65

Dissolved oxygen
(mg/L)
Ammonium nitrogen
(mg/L)
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FIGURE 2
0RQWKO\ZDWHUWHPSHUDWXUH Û& DOOVWDWLRQLQ
the Bafa Lake.
According to the data found on Bafa Lake it
indicate that no thermal pollution was involved.
According to WPCR the water quality can be
classified as class level 1.

The quality criteria of inland water resources
according to relevant categories of the Water
Pollution Category Registration (WPCR) are shown
in Table 1 [15, 16].

pH. The pH values of all stations in Bafa Lake
changed between 6.95 and 9.35. The average pH was
detected as 8, 26. The annual mean pH value for the
stations are given below. Station 1, 8.20; station 2,
8.26; station 3, 8.29; station 4, 7.77; station 5, 8.76
(Table 2; Fig. 3).
According to these value, the Lake water is
neutral and slightly basic and reflects the geological
features of the lake surrounding area. According to
WPCR the water quality of the Lake in terms of pH
is classified as class level I (Table 1).

Statistical Analysis. For each parameter the
mean monthly value for every station was calculated
and the annual trend were analyzed.
6SHUPDQ¶V UKR WHVW ZDV XVHG WR DVVHVV WKH
correlation among the parameters. The analysis
Variance (ANOVA) followed by the post-hoc
Turkey test was to assess the differences between the
values of the measured parameters among stations.
A value of P<0.05 was chosen for significance.
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TABLE 2
Physical-Chemical values of water sample from the selected 5 stations of Bafa Lake.
Parameters

Unit

Temperature

°C

pH

-

Dissolved
oxygen
Electrical
conductivity

mg L-1

Salinity

Å

Ammonium
nitrogen

mg L-1

Nitrite
Nitrate
Ortophosphate
(1)

mS
cm-1

mg L-1
mg L-1
mg L-1

1.Station
Mean
(Range)
22,90a
(11,90-31,30)

2.Station
Mean
(Range)
22,30a
(12,60-30,30)

3.Station
Mean
(Range)
22,20a
(13,60-31,20)

4 Station
Mean
(Range)
21,40a
(10,10-28,00)

5.Station (1)
Mean
(Range)
21,20a
(8,90-28,90)

8,20a
(7,77-8,70)

8,26a
(7,66-9,23)

8,29a
(7,67-9,35)

7,77b
(6,95-8,66)

8,76c
(7,76-9,35)

7,35a
(2,88-9,80)
18,44a
(10,27-21,53)
11,08a
(5,85-12,87)
1,02a
(0,76-1,20)
0,01a
(0,01-0,01)
2,16a
(0,80-3,06)
0,24a
(0,05-0,56)

7,51a
(5,30-9,20)
18,17a
(10,71-20,07)
10,91a
(6,09-11,95)
1,02a
(0,61-1,20)
0,01a
(0,01-0,06)
2,07b
(0,20-3,40)
0,17a
(0,05-0,44)

7,58a
(5,30-9,60)
18,15a
(10,41-19,94)
11,19a
(5,94-11,55)
0,97a
(0,84-1,20)
0,01a
(0,01-0,03)
2,77c
(2,10-3,50)
0,21a
(0,05-0,61)

6,34b
(3,15-12,06)
30,52b
(19,22-47,49)
21,95b
(11,46-30,91)
1,11b
(0,91-1,24)
0,16b
(0,01-0,81)
3,40d
(2,20-4,90)
0,23a
(0,05-0,48)

8,84c
(6,20-12,46)
19,14a
(12,93-46,88)
9,62a
(2,92-12,90)
0,91c
(0,50-1,16)
0,03a
(0,01-0,17)
3,16c
(2,20-3,80)
0,19a
(0,05-0,41)

Reference station -Mean with common superscripts in the same row are not significantly different at Tukey test (P>0.05).

stations for 12 month was 7.53 mg/L. Dissolved
oxygen was found to be lower in summer. Decreased
water temperature results for increased suitability of
oxygen levels. The amount of dissolved oxygen in
the water depends on the water temperature,
atmospheric pressure, mineral concentrations and
water pollution level. The mean Dissolved oxygen
was between 6.34 and 12.46 mg/L at all stations.
This is classified as class level II according to WPCR
(Table 1).
FIGURE 3
Monthly pH values in the 5 selected stations.

Salinity. Salinity value ranged between 2.92 to
30.91Å+LJKHVWVDOLQLW\ value was found at station
4 in September, lowest salinity value was in
February at station 5 (Fig. 5). The average salinity in
all stations was 12.95Å.

FIGURE 4
Mean amount of dissolved oxygen (mg/L) in the
5 stations of Bafa Lake.

FIGURE 5
Salinity cKDQJHV Å in the 5 stations of Bafa
Lake.

Dissolved oxygen. Average dissolved oxygen
value of the station was determined as follow; station
1, 7.35 mg/L; station 2, 7. mg/L; station 3, 7.58
mg/L; station 4, 6.34 mg/L and station 5, 8.84.
Minimum value was seen in May at station 1 (2.88
mg/L), whereas the maximum was in 12.46 mg/L in
April at station 5 (Table 2; Fig. 4).
The dissolved oxygen average value of all

(OHFWULFDO FRQGXFWLYLW\ (OHFWULF FRQGXFWLYLW\
FKDQJHEHWZHHQP6FP /RZHVWYDOXH
ZDVP6FPLQ)HEUXDU\IURPVWDWLRQKLJKHVW
YDOXHZDVP6FPLQ6HSWHPEHUIURPVWDWLRQ
)LJ   7KH DQQXDO PHDQ HOHFWULFDO FRQGXFWLYLW\
YDOXHZDVP6FP
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7KH DYHUDJH QLWULWH QLWURJHQ FRQFHQWUDWLRQ RI
WKH ZDWHU VDPSOHV ZDV  PJ/ ZKLFK LQGLFDWHV
WKDWWKHZDWHUTXDOLW\LQWKH/DNHLVFODVVLILHGDVFODVV
OHYHO,,, :3&5 
1LWUDWH QLWURJHQ 121 PJ/  &KDQJHV LQ
QLWUDWHQLWURJHQIURPDOOVWDWLRQVZHUHIRXQGEHWZHHQ
 PJ/ 7KH DYHUDJH QLWUDWH QLWURJHQ
FRQFHQWUDWLRQV ZHUH  PJ/ IRU VWDWLRQ  
PJ/ IRU VWDWLRQ   PJ/ IRU VWDWLRQ  
PJ/IRUVWDWLRQDQGPJ/IRUVWDWLRQ )LJ


FIGURE 6
Electrical conductivity changes (mS/cm)
according to stations.
$PPRQLXP QLWURJHQ 1+1 PJ/ 
$PPRQLDQLWURJHQYDOXHVYDULHVEHWZHHQDQG
PJ/7KHDYHUDJHDPPRQLDQLWURJHQYDOXHIURP
VWDWLRQVDUHDVIROORZV6WDWLRQPJ/VWDWLRQ
  PJ/ VWDWLRQ  PJ/ VWDWLRQ  
PJ/VWDWLRQPJ/ )LJ 

FIGURE 9
Nitrate nitrogen change (mg/L) according to
stations.
2UWKRSKRVSKDWH
323
PJ/ 
2UWKRSKRVSKDWH SKRVSKRUXV 323  FKDQJH
EHWZHHQ  PJ/ $YHUDJH YDOXH IURP
VWDWLRQVDUHLQVWDWLRQVWDWLRQPJ/
VWDWLRQ  PJ/  PJ/ LQ VWDWLRQ  
PJ/LQVWDWLRQ7KHKLJKHVWDQQXDOYDOXHRIRUWKR
SKRVSKDWHZDVVHHQDWVWDWLRQLQ0DUFKPJ/
ZKHUHDVPLQLPXPYDOXHZDVPJ/ZKLFKZDV
VHHQLQDOOVWDWLRQVGXULQJWKHVXPPHU )LJ 

FIGURE 7
Ammonium nitrogen (mg/L) value in Bafa Lake.
$QQXDO DPPRQLXP YDOXH ZDV  PJ/
$FFRUGLQJWR$QRQ\PRXV  WKLVLVFODVLILHGDV
FODVVOHYHO,,, 7DEOH 
1LWULWH QLWURJHQ 121 PJ/  1LWULWH
QLWURJHQ YDOXHV FKDQJH EHWZHHQ  PJ/
$YHUDJHYDOXHDFFRUGLQJWRVWDWLRQVDUHDVIROORZV
VWDWLRQPJ/VWDWLRQPJ/VWDWLRQ
 PJ/ VWDWLRQ   PJ/ VWDWLRQ  
PJ/ $FFRUGLQJ WR DQDO\VLV WKH KLJKHVW OHYHO RI
QLWULWH QLWURJHQLV 121 7KLV IRXQGLQVWDWLRQ
ZLWKWKHYDOXHRILQ-XO\ )LJ 

FIGURE 10
Orthophosphate phosphorus value (mg/L) Bafa
Lake according to stations.
6WDWLVWLFDO DQDO\VLV $FFRUGLQJ WR WKH
6SHDUPDQ¶V UKR WHVW QHJDWLYH FRUUHODWLRQ ZDV
REVHUYHG EHWZHHQ WKH WHPSHUDWXUH YDOXHV DQG
GLVVROYHG R[\JHQ YDOXHV ,Q DGGLWLRQ WKHUH ZDV D
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH ZDWHU WHPSHUDWXUH
YDOXHV DQG S+ HOHFWULFDO FRQGXFWLYLW\ DQG
RUWKRSKRVSKDWH
7KHUHZDVQRVLJQLILFDQWUHODWLRQVKLSEHWZHHQ

),*85(
'LVWULEXWLRQRIQLWULWHOHYHOV PJ/ IURPDOO
VWDWLRQVLQ%DID/DNH
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S+ DQG HOHFWULFDO FRQGXFWLYLW\ YDOXHV RU EHWZHHQ
QLWULWH DQG RUWKRSKRVSKDWH YDOXH EXW WKHUH ZDV D
SRVLWLYHFRUUHODWLRQEHWZHHQQLWULWHQLWURJHQQLWUDWH
QLWURJHQDQGRUWKRSKRVSKDWH
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is affected by aquaculture in the area. The results of
ANOVA showing that the mean DO of station 4 was
significantly lower than the reference station 5.
)URP UHFHQW UHVHDUFK SHUWDLQLQJ DYHUDJH
VDOLQLW\RIWKHODNH<ÕOJRU>@LWUHSRUWHGDVDOLQLW\
RIÅ:KLOH<DEDQOLHWDO>@UHSRUWHGDYDOXH
RIÅ)URPPRUHROGHUVWXGLHV7XUJXWFDQ>@
$UWX]>@*HOGLD\HWDO>@<DUDPD]HWDO>@
.DVSHUHN >@ &LULN HW DO >@ VWXGLHV IURP UHFHQW
KLVWRU\VKRZVWKHVDOLQLW\YDOXHVDUHVHHQWREHPRUH
ORZHU 7DEOH 
)URPRXUVWXGLHVLQ%DID/DNHWKHPHDQYDOXH
RI VDOLQLW\ LQ VWDWLRQ  UHVXOWHG VLJQLILFDQWO\ KLJKHU
3 WKDQWKHRWKHUVWDWLRQV7KLVLVEHFDVXHWKH
ZDWHULQWKHVWDWLRQZDVREWDLQHGE\GULOOLQJDQGGXH
WR LQWHQVLYH ILVK IDUPLQJ DFWLYLWLHV WKDW LV OHIW WR
RYHUIORZWRWKHODNH)ORZRIZDWHUIURPWKHFKDQQHO
WR WKH ODNH ZKHQ WKHUH LV ORZ UDLQ IDOO DQG IORZ RI
ZDWHUIURPDTXDFXOWXUHDFWLYLW\FKDQQHOLQFUHDVHWKH
ZDWHUODNHVDOLQLW\WRDERXWR
&KDQJHV LQ HOHFWULFDO FRQGXFWLYLW\ RI LRQV LQ
ZDWHU WKH WRWDO FRQFHQWUDWLRQ DQG PRELOLW\ YDOHQFH
GHSHQGV RQ WKH FKDQJH RI WHPSHUDWXUH > @
'HFUHDVH LQ HOHFWULFDO FRQGXFWLYLW\ PHDQV D
UHGXFWLRQ RI WRWDO GLVVROYHG VROLGV FRQWHQW >@
&RQGXFWLYLW\ YDOXHV VKRZV WR EH SDUDOOHO ZLWK WKH
LQFUHDVH RI DPELHQW WHPSHUDWXUH DQG VDOLQLW\ OHYHO
7KHKLJKOHYHORIHOHFWULFDOFRQGXFWLYLW\REVHUYHGLQ
WKHODJRRQODNHLVDQLQGLFDWRURIKLJKVDOWFRQWHQW
7KH PD[LPXP HOHFWULFDO FRQGXFWLYLW\ YDOXH ZDV
REVHUYHGLQVWDWLRQDQGWKLVYDOXHZDVVLJQLILFDQWO\
GLIIHUHQWWKDQWKRVHRIRWKHUVWDWLRQV,QSDUDOOHOZLWK
WKLV FDVH WKH VWDWLRQ VKRZHG WKH KLJKHVW VDOLQLW\
YDOXHV 7KH PHDQ HOHFWULFDO FRQGXFWLYLW\ YDOXH
REWDLQHG LQ WKLV VWXG\ ZDV  P6FP 2WKHU
VWXGLHVFRQGXFWHGLQ%DID/DNHVKRZVWKDWDYHUDJH
HOHFWULFDO YDOXHV DUH IURP %DOLN DQG 8VWDRJOX >@
P6FP6DULHWDO>@P6FP2]WXUNHW
DO>@P6FP.D]DQFLHWDO>@P6FP
DQG+HSVRJXWOX>@P6FP 7DEOH 
$PPRQLXPVKRXOGEHOHVVWKDQPJOLQFOHDQ
ZDWHU >@ 1+1 ZKLFK LV WKH ZDVWH PDWHULDO RI
DTXDWLFRUJDQLVPV PD\EHDEVRUEHGE\RUJDQLVPV
1RQWR[LF DPPRQLXP GHSHQGLQJ RQ WHPSHUDWXUH
DQGKLJKS+ ! FRXOGWUDQVIRUPLQWRDPPRQLD
DQG EHFRPH WR[LF IRU ILVK DQG RWKHU DTXDWLF
RUJDQLVPV>@7KHPHDQ$PPRQLXPQLWURJHQ
VDPSOHVWDNHQIURP VWDWLRQVFKDQJHGEHWZHHQ 
9VWDWLRQ WRPJ/ ,96WDWLRQ DQGWKHYDOXHV
REWDLQHG LQ WKHVH WZR VWDWLRQV DUH VLJQLILFDQWO\
GLIIHUHQW7KHKLJKHVWDPPRQLXPYDOXHZDVVHHQLQ
VWDWLRQ 9 DW   PJ / 7KH RFFXUUHQFH RI KLJK
DPPRQLD LQ %DID /DNH LV FRQVLGHUHG WR EH IURP
RUJDQLF ZDVWHDQGVOXLFH FKDQQHOWKDWFDUULHV ZDWHU
ZDVWH XVHGIRUDTXDFXOWXUHLOOHJDO ILVKLQJDQG IXHO
SROOXWLRQ7KHORZHVWDPPRQLXPYDOXHZDVIRXQGLQ
)HEUXDU\DWPJ/LQ5HIHUHQFHVWDWLRQ 9 7KH
DYHUDJHDQQXDOYDOXHRIDPPRQLXPZDVGHWHUPLQHG
WREHPJ/$FFRUGLQJWR$QRQLP>@YDOXHLW
LVFRQVLGHUHGWREHFODVVLILHGDVOHYHO,,

DISCUSSION
The mean water temperature was 22.21 °C,
according to WPCR (Table 1) the water
characteristic was classified as class level I. The
water quallity is suitable for Aquaculture and fish
cultivation for sea bream (S. aurata) and sea bass (D.
labrax). Water temperature is an important climatic
factor, it increases biological activities and oxygen
saturation [17]. In this study, the temperatures of all
stations together with reference station did not vary
significantly (P>0.05).
In Pisciculture, the nutrient content used for the
growth can make water more acidic. with this it can
cause the death of fishes. Contrariwise when water
pH is high, ammonium and nitrogen compounds
have adverse effects. Fish can live in optimum pH
value between 6.5 and 8.5 [18, 19]. However, in this
study the value of pH, indicates that growing of sea
bream and sea bass is appropriate [9, 20]. However,
the pH values of aquaculture facility and reference
station were different considerably (P<0.05).
The amount of dissolved oxygen decreases in
water when the concentration of salt increases [21].
Increase in salt level in the Bafa Lake occurred as
result of flood prevention to Buyuk Menderes in the
year 1988. After the start of aquaculture, salt water
was produced by drilling. After the use of this salt
water it is then released to the lake and this increased
the amount of salt in the lake. For sea bass and sea
bream cultivation, amount dissolved oxygen need to
be higher than 5.00 mg Lí [19]. Finding the mean
dissolved oxygen in water is 7.53 mg Lí. Dissolved
oxygen is classified as level II class according to the
WPCR.
In station II, the minimum dissolved oxygen
value is 2.88 mg L-1 in early summer. Because of the
high nutrient accumulation and the beginning of
eutrification phenomena in this part of lake. The
sources of nutrient was seen to be much more from
animal breeding and also from other nutrient
imminent as a result of flow accumulation from
Buyuk Menderes (Station 1 and 2). In May and June,
station 1 and 2 surface water turn into green and
dense of a Dinoflagellate, Noctiluca scintillans [6].
In this period some fish species are seen died. This
situation shows that its possible station 1 and 2 are
affected by the terrestrial environment and
Aquaculture activities.
Intensive aquaculture activity perform in
station 4, especially during the spring and summer
period indicate dissolved oxygen value was below 6
mg L-1 and the mean value of all years to be around
6.34 mg L-1. With this value it shows that the water
1543
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FXOWLYDWLRQ
'LVVROYHG RUJDQLF SKRVSKRUXV RU VXVSHQGHG
RUJDQLF SKRVSKRUXV IRXQG LQ QDWXUDO ZDWHU DQG WKH
WRWDODYHUDJHRISKRVSKRUXVFRQWHQWLQPRVWODNHVLV
EHWZHHQPJ/
7KH PDLQ VRXUFH RI SKRVSKDWH LV RUWKR
SKRVSKDWH $YHUDJH RUWKRSKRVSKDWH SKRVSKRUXV
323 DWVWDWLRQVLQ%DID/DNHZDVGHWHUPLQHGWR
EH  PJ/ 7KH KLJKHVW RUWKRSKRVSKDWH YDOXH
ZDVVHHQLQVWDWLRQ,,,DURXQGPJ/LQ$XJXVW
,QWHUPVRIRUWKRSKRVSKDWHSKRVSKRUXV%DID/DNHLV
FODVVLILHGWREHFODVVOHYHO,,>@
:KHQ DTXDWLF RUJDQLVPV GLH KLJK DPRXQW RI
WKLVRUJDQLVPVMRLQWKHRUWKRSKRVSKDWHSKRVSKRUXV
,QFUHDVHLQDJULFXOWXUDOGRPHVWLFDQGRUJDQLFZDVWH
UHVXOW LQ SURGXFLQJ XQZDQWHG DOJDH EORRPV LQ ODNH
DQGDOVREHFRPHUHDVRQIRUHXWURSKLFDWLRQ>@7KH
KLJKHVWDYHUDJHVRUWKRSKRVSKDWHSKRVSKRUXVLQ%DID
/DNH ZDV GXH WR LQWHQVLYH GRPHVWLF DQG DQLPDO
ZDVWHLQVWDWLRQ, PJ/ $TXDFXOWXUHDFWLYLWLHV
ZDV LQ VWDWLRQ ,9  PJ/  /RZHVW YDOXH ZDV
IRXQGLQUHIHUHQFHVWDWLRQ PJ/ DQG6WDWLRQ
PJ/ ,IWRWDOSKRVSKRUXVLVOHVVWKDQȝJ/
WKHODNHLVFRQVLGHUHGWREH2OLJRWURSKLFLILWLV
 ȝJ/ 0HVRWURSKLF DQG LI LW LV JUHDWHU WKDQ 
ȝJ/LWLVFRQVLGHUHGWREH(XWURSKLF>@
$FFRUGLQJ WR :3&5 ZDWHU FRQWDLQLQJ 
PJ/ WRWDO SKRVSKRUXV LV FODVVLILHG WR EH DW FODVV
OHYHO,DQGLVVXLWDEOHIRUILVKHU\3KRVSKRUXVOHYHO
KLJKHUWKDQPJ/LVDVLJQDORISROOXWLRQ7KH
WRWDO SKRVSKRUXV FRQFHQWUDWLRQ LQ QDWXUDO ZDWHUV
GHSHQGVRQWKHPRUSKRPHWU\RIEDVLQWKHFKHPLFDO
FRQWHQW RI WKH UHJLRQ DQG WKH H[LVWHQFH RI RUJDQLF
VXEVWDQFHVDQGRUJDQLFPHWDEROLVPLQWKHZDWHU>@
7KH RUWKRSKRVSKDWH FRQFHQWUDWLRQV DW WKH
DTXDFXOWXUHIDFLOLW\VWDWLRQDQGUHIHUHQFHVWDWLRQGLG
QRWGLIIHUVLJQLILFDQWO\ 3! 
From channel connecting Bafa Lake and station
4 for producing sea bass and sea bream larvae. Total
surface areas of the Lake and the aquaculture
facilities is approximately 60.000.000 m2 and 20.000
m2.

7KHQLWULWHQLWURJHQRIWKHZDWHUVDPSOHVLVDQ
LQWHUPHGLDWH SURGXFW RI ELRORJLFDO R[LGDWLRQ RI
DPPRQLXPWRQLWUDWH7KHFRQFHQWUDWLRQRIQLWULWHLQ
QDWXUDO ODNH ZDWHU LV JHQHUDOO\ ORZ +RZHYHU WKH
FRQFHQWUDWLRQVFDQLQFUHDVHLQDUHDVLQZKLFKRUJDQLF
SROOXWLRQ LV FRQVLGHUHG KLJK DQG R[\JHQ OHYHOV DUH
ORZ>@
1LWULWH D FRPSRXQG RI 1LWURJHQ FDQQRW EH
IRXQGLQQDWXUDOZDWHUGXHWRLW¶VWR[LFLW\WRDTXDWLF
RUJDQLVPV +LJKHVW YDOXH ZDV IRXQG LQ -XO\ ZKLOH
WKHORZHVWYDOXHZDVIRXQGLQDOOVWDWLRQH[FHSWIRU
IHZ PRQWKV 7KH DQQXDO YDOXH RI 121 LQ %DID
/DNHLVPJ/7KHKLJKHVWYDOXHRI121ZDV
VHHQ DW VWDWLRQ ,9 DQG WKLV YDOXH UHVXOWHG
VLJQLILFDQWO\ GLIIHUHQW WKDQ WKRVH RI WKH RWKHU
VWDWLRQV7KHUHDVRQVIRUWKLVYDOXHWREHWKLVKLJKLV
EHFDXVH RI RUJDQLF SROOXWLRQ WKDW FRPHV IURP WKH
$TXDFXOWXUHDFWLYLW\DUHD)XUWKHUPRUHIURPWKHODNH
FRQQHFWLQJWR0HQGHUHV5LYHU/DNHWKHHQWUDQFHRI
RUJDQLF UHPDLQV DQG QLWURJHQRXV IHUWLOL]HU VKRZV
LQFUHDVH LQ SROOXWLRQ ,Q DFFRUGDQFH ZLWK WKH YDOXH
UHSRUWHG E\ $QRQLPRXV >@ WKH DYHUDJH DQQXDO
YDOXH LQ WHUPV RI QLWULWH QLWURJHQ LQ DOO VHOHFWHG
VWDWLRQVZDVZLWKLQWKHFODVVOHYHO,,, 7DEOH )URP
SUHYLRXV VWXG\ GRQH LQ %DID /DNH E\ +HSVRJXWOX
>@VKRZHGD PHDQYDOXHRI121RIPJ/
7DEOH 
5HJDUGLQJ WKH 1LWUDWH QLWURJHQ 121  WKH
PLQLPXP QLWUDWH QLWURJHQ FRQFHQWUDWLRQ ZDV 
PJ/LQ0DUFKDWVWDWLRQ,ZKLOHWKHPD[LPXPYDOXH
ZDVPJ/LQ$XJXVWDWVWDWLRQ,9%HFDXVHRI
WKH ZDVWH SURGXFW FRPLQJ IURP 0HQGHUHV FKDQQHO
DQGRUJDQLFDJULFXOWXUDOZDVWHWKHKLJKHVWYDOXHZDV
VHHQLQVWDWLRQ,9+\GURORJLFDOV\VWHPVDQGVRXUFHV
RISROOXWLRQFDQHIIHFWVRPHYDULDEOHFKDUDFWHULVWLFV
UHJDUGLQJ DPPRQLXP DQG QLWUDWH LQ UHVHUYRLUV DQG
ULYHUV>@
$FFRUGLQJWR:3&5WKHDYHUDJHDQQXDOYDOXH
RIQLWUDWHZDVDERXWPJ/ZLWKWKLVYDOXHLWLV
FODVVLILHG WR EH OHYHO , 1LWUDWH QLWURJHQ OHYHOV
LQFUHDVHG ZLWK VHD EUHDP DQG VHD EDVV IDUPLQJ
DFWLYLWLHV$FFRUGLQJWRWKH:3&5PJ/1LWUDWH
QLWURJHQ DUH VXLWDEOH IRU VHD EDVV DQG VHD EUHDP

7$%/(
:DWHUSK\VLFRFKHPLFDOYDOXHVIURPRWKHUVWXGLHVDFFRPSOLVKHGLQ%DID/DNH
Reference
Temperature Salinity
pH
Conductivity
Dissolved Oxygen
(T, °C)
(Å)
(mS/cm)
(mg/l)
Balik and Ustaoglu [30]
27.3
4.47
8.31
7.66
9.79
Cirik et al. [3]
28.0
7.5
7.0
6.0
Sari et al. [31]
26.0
14.04
7.7
14.06
8.0
Ozturk et al. [32]
26.0
14.0
7.7
8.0
Koc [40]
23.0
23.0
7.7
4.7-6.5
Kazanci et al. [1]
27.0
7.6
22.2
7.0
Yabanli et al. [23]
23.0
16.2
7.7
25.3
5.5
Erdogan [41]
21.2-23.4
7.97-8.17 1.9-25.2
4.45-9.59
Hepsogutlu [29]
27.9
14.0
8.3
23.1
6.1
This study
22.21
12.95
8.26
20.88
7.52
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7$%/(
:DWHUSK\VLFRFKHPLFDOYDOXHVIURPRWKHUVWXGLHVDFFRPSOLVKHGLQ%DID/DNH
Locality
T
Sal.
pH
EC
DO
NO2-N
NO3-N
(References)
(°C)
(Å)
(mS/cm) (mg/l)
(mg/l)
(mg/l)
Topcam D. Lake [42] 19.1
0.25
7.93
0.133
7.63
0.28
0.83
Uluabat Lake [26]
18.05
4.40
8.31
5.53
7.99
0.21
Egirdir Lake [43]
26.24
8.93
0.41
6.00
0.07
2.17
Koycegiz Lake [44]
20.72
1.89
8.64
3.65
7.30
0.012
1.50
Bereket D. Lake [45] 15.42
7.93
0.71
6.76
1.17
6.45
This Study
22.21
12.95
8.26
20.88
7.52
0.04
2.10

PO4-P
(mg/l)
0.008
0.13
0.45
0.11
0.91
0.19

WKH %X\XN 0HQGHUHV %DVLQ 7KH SUREOHP LQ %DID
/DNHKDYHEHHQLQWRFRQVLGHUDWLRQDQGZLOOEHXQGHU
WKHVDPHFULWHULDZLWKWKDWRIWKH(XURSHDQ8QLRQ

7KHZDWHUTXDOLW\SDUDPHWHUVLQWKH%DID/DNH
ZDVFRPSDUHGZLWKRWKHUVWXGLHVZKHUHWKHUHLV QR
ILVKFXOWLYDWLRQH[FHSW%HUHNHW'DP/DNH 7DEOH 
*HQHUDOO\ WKH FRQFHQWUDWLRQV RI QLWULWH QLWURJHQ
QLWUDWH QLWURJHQ DQG RUWKRSKRVSKDWH UHSRUWHG IRU
RWKHU OHQWLF ZDWHUV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW
WKDQWKRVHIRXQGLQWKLVVWXG\2QO\LQ%HUHNHW'DP
WKH YDOXHV ZHUH KLJKHU EHFDXVH RI LQWHQVLYH
$TXDFXOWXUHDFWLYLWLHV 7DEOH 
&XUUHQWO\ VHYHUDO SUREOHPV DQG WKUHDWV DIIHFW
%DID /DNH 7RGD\ WKH ZHWODQGV LQ 7XUNH\ DUH
WKUHDWHQHG PDLQO\ E\ WKH IROORZLQJ DFWLYLWLHV
GUDLQLQJ RI ZHWODQGV IRU DJULFXOWXUDO XWLOL]DWLRQ
HWF SUHYHQWLRQRIQDWXUDOZDWHUIORZVWRZHWODQGV
E\ GDP FRQVWUXFWLRQV XUEDQ GHYHORSPHQW RQ
ZHWODQGV DQG VXUURXQGLQJV XUEDQLQGXVWULDO
XWLOL]DWLRQ  FKHPLFDO FRQWDPLQDWLRQ GXH WKH
LQGXVWULDO DQG KRXVHKROG ZDVWHV LQWURGXFWLRQ RI
H[RWLF VSHFLHV XQVXVWDLQDEOH KXQWLQJILVKLQJSODQW
SLFNLQJ

$&.12:/('*(0(17
7KLVVWXG\KDVEHHQVSRQVRUHGE\0XJOD6LWNL
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SEASONAL CHANGES IN ISOENZYME PATTERN AND
THE ACTIVITIES OF SUPEROXIDE DISMUTASE AND
CATALASE IN THE LIVER OF GREEN FROGS
PELOPHYLAX ESCULENTA COMPLEX AS PART OF
TOLERANCE TO FREEZING AND THAWING
Natasa Lukic1, Danijela Kojic2, Goran Sukalo1, Biljana Kukavica 1,*
1
)DFXOW\RIVFLHQFHDQG0DWKHPDWLFV8QLYHUVLW\%DQMD/XND0ODGHQD6WRMDQRYLüD% +
Department of biology and ecology, Faculty of science, University Novi Sad, Trg '2EUDGRYLüD56

2

freezing of a high percentage of total body water as
extracellular ice. Freeze tolerance involves a
complex process in which organisms allow ice
crystals to form in extracellular spaces while
maintaining an intracellular liquid state [17]. Body
fluid freezing halts blood flow which cuts off the
oxygen supply and nutrient flow to tissues [16, 19].
Also, it has been shown that formation of ice
crystals disturbs subcellular structures, causes
physical damage to tissues, sets up osmotic stress in
cells, and impedes muscle movement, heart beats
and breathing. Frogs represent convenient model
for the study of freeze tolerance because freezetolerant frogs show a good capacity to endure longterm oxygen deprivation [11]. Most freeze-tolerant
animals
produce
high
concentrations
of
cryoprotectants (sugars, polyhydric alcohols) which
may act in two ways: 1) limit the extent of cell
volume reduction during freezing and 2) stabilize
membrane structure [17].
Rubinsky and co-workers [16], showed that
thawing occurs uniformly throughout the turtle
body, and heart and liver thaw very quickly thanks
to the high concentrations of cryoprotectants in
them. Time needed for the recovery of vital
functions correlates with the length of freezing
[11]. One of the major freezing and thawing
problems is formation of reactive oxygen species
(ROS) (superoxide, hydrogen peroxide, hydroxyl
radicals and peroxynitrate) that is a consequence of
the rapid reperfusion of oxygenated blood into
tissues [19]. High concentration of ROS may
overwhelm the antioxidative defense. Oxidative
stress occurs in the case when the rate of ROS
formation exceeds the capacity of cellular
antioxidant defenses [20]. Some cryoprotectans can
also have potential role in damage (e.g. glucosemediated oxidative damage). Free glucose may
undergo autooxidation in the presence of transition
metals (iron, copper) and protein-reactive
dicarbonyl compounds and hydrogen peroxide
(leading to hydroxyl radical formation) [23].

ABSTRACT
Paper deals with green frog Pelophylax
esculenta complex seasonal changes in isoenzyme
pattern and activities of liver antioxidative
enzymes: superoxide dismutases (SOD, EC
1.15.1.1) and catalase (CAT, EC 1.11.1.6) as a
response to freezing and thawing. Frogs were
sampled in autumn and spring in the area of
BardaþD ZHWODQGV % +). After the exposure to
subzero temperatures (-2qC) for 8h, frogs were
thawed at different time intervals. Activities and
isoforms of liver SOD and CAT were determined
using native PAGE. The presence of three SOD
isoforms was observed in autumn frogs (Rf SOD1=
0.156, RfSOD2= 0.311, RfSOD3= 0.650), while in the
isoenzyme pattern of spring frogs SOD1 isoform
was absent. Only one CAT isoform (Rf=0.179)
was detected in all samples. The results indicate
that the most significant changes in SOD and CAT
activities occurred in the first hours of thawing for
both autumn and spring frogs. Alternation in
activities of SOD and CAT suggests key role of
these enyzmes in antioxidative defence of the
Pelophylax esculenta complex in the state of
excessive generation of reactive oxygen species
associated with thawing. On the other hand,
alternation of isoform expression of SOD before
and after hibernation suggests possible redox
modulation related with hibernation.

KEYWORDS:
antioxidative defence system, green frogs, freezetolerance, SOD, CAT

INTRODUCTION
Animals have evolved numerous freeze
tolerance mechanisms, which enable their survival
during seasonal extreme temperatures. Many
ectothermic vertebrate species are able to endure
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In the process of freezing and thawing in
freeze tolerant animals antioxidant metabolism
plays an important role [6] which includes
increased synthesis of antioxidant enzymes (SOD,
CAT, GR peroxidases), or synthesis of their
specific isoforms [9] as well as their covalent
modification [3]. In most cases, activities of
antioxidative enzymes had returned to near control
values after 24h thawing [17]. This indicates that
the need for enhanced antioxidative enzymes is
greatest during freezing or immediately after
thawing, the time when glucose is also very high.
Freeze-induced suppression of enzyme activities,
followed by a rebound after thawing, also occurred
in liver, heart and skeletal muscle of frogs [2].
Enzymes of antioxidant defenses are maintained
that continuously scavenge and detoxify superoxide
(O2.), hydrogen peroxide (H2O2), and hydroxyl
radicals (HO.).
Green frogs, also known as Pelophylax
esculenta complex, are widely distributed and
frequently occur Europe-wide. They are usually
gregarious and spend their lifetime in water
environment. In addition, they inhabit slow and still
water streams, such as ponds, marshes, lakes,
channels, rivers, etc. They hibernate in mud at the
bottom of their watery habitats [15].
Although, in their natural habitat they are
generally not exposed to subzero temperature, it has
been shown that water frogs have the ability to
survive temperatures below zero [22]. In the
literature, can be found a lot of information on
changes in the metabolism of frogs in terms of
freezing and thawing, and this especially refers to
the wood frog [17]. However, there is not much
date on the isoenzyme pattern and the activities of
SOD and CAT in the liver of the green frog and
their seasonal changes during freezing and thawing.
The aim of our study was to investigate the
response of antioxidant enzymes (SOD and CAT)
in the liver of green frogs to freezing and thawing
processes. Changes during the thaw were monitored
at intervals to determine the capability of
recovering the enzyme activity and connected with
the frog ability to returning the metabolic function
of the level before freezing.

A)

B)

C)

D)

FIGURE 1
Superoxide dismutases isoenzyme pattern (A, B)
and SOD activity (C,D) determined on 10%
native gel in liver samples of autumn (A,C) and
spring (B, D) frogs. Lines: AC1 and AC2
autumn control; A1, A2, A3-autumn, tawing
period 1.5h, A4, A5, A5 ± autumn, thawing
period 2.5h; Lines: SC1, SC2, SC3, SC4-spring
control, S1, S2, S3 spring, thawing period 1.5h,
S4, S5, S6 ± spring, thawing period 2.5h Arrows
indicate SOD isoforms. Quantification of band
intensity was performed in the program Total
Lab and obtained results for SOD activity were
presented: autumn frogs (C) and spring frogs
(D).

MATERIALS AND METHODS
Frogs were collected at its natural habitat
wetlands %DUGDþD EHIRUe hibernation in September
2014 (autumn frogs ± A), and after hibernation, in
April 2015 (spring frogs ± S). Animals were
transferred to laboratory and acclimated at room
temperature (20-22°C) for 2 days. After a period of
acclimatization, frogs were exposed to subzero
temperatures (-2 ± 0.5°C) for 8h, and then returned
room temperature to thaw. For both groups of
frogs, i.e. autumn and spring, six frogs were control
1549
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expose to subzero temperatur, further were divided
into two subgroups each with three frogs. For the
one subgroup thawing period was 1.5 hours,
whereas for second subgroup thawing period was
2.5h. The frogs were sacrificed by decapitation and
frog liver was extracted after decapitation and
further powered with liquid nitroged and
homogenized using Tris buffer 0.1M, pH 7.8 which
contained 0.05% Tween, 0.05% NaCl and 1mM
PMSF. After centrifugation at 10 000g for 10min at
4°C, the supernatant was used for the separation of
SOD and CAT isoforms by native polyacrylamide
gel electrophoresis (PAGE). Protein content was
determined spectrophotometrically according to the
Lowry method [12] using bovine serum albumin as
standard. Polyacrylamide gel electrophoresis was
performed on 10% running gel for SOD and 8% for
CAT with 5% stacking gel.
Buffer for
electrophoresis (pH 8.3) contained 24.8mM Tris
and 192mM glycine. On the native gel was loaded
10μg of proteins per well for each sample. For SOD
isoforms visualization on native PAGE, gels were
soaked in staining solution (20ml of staining
solution contained: 4μL TEMED, 4mg NBT, 1mg
riboflavin, 80μL 0.5M EDTA, 0.05M TrisHCl pH
7.8), for 30 minutes in the dark, followed by
washing with distilled water and illumination. In
order to detect CAT isoforms, after native PAGE,
the gels were incubated in a 0.0003% H2O2 for 5
minutes. After washing several times with distilled
water, the gels were incubated in staining solution
which contained 1% FeCl3 and 1% K4[Fe(CN)6].
After staining native gel were scanned and
quantification of SOD and CAT activity was
performed using program Image Master Total Lab
TL 120 software (Nonlinear Dynamics Ltd.,
Durham, USA).

B)

C)

D)

RESULTS
FIGURE 2
Representative 8% native gel stained for CAT
activity in liver samples of autumn (A) and
spring frogs (B). Lines: AC1 and AC2 autumn
control; A1, A2, A3-autumn, thawing period
1.5h, A4, A5, A5 ± autumn, thawing period 2.5h;
Lines: SC1, SC2, SC3, SC4-spring control, S1,
S2, S3 spring, thawing period 1.5h, S4, S5, S6 ±
spring, thawing period 2.5h Arrows indicate
SOD isoforms. Quantification of band intensity
was performed in the program Total Lab and
obtained results for CAT activity were
presented: autumn frogs (C) and spring frogs
(D).

We compared the response of frog antioxidant
enzymes to freezing and thawing in two
metabolically different periods in the life of
Pelophylax esculenta complex: before hibernation
(A±autumn frogs) and after hibernation (S±spring
frogs). Frogs body masses and protein
concentration in liver are given in Table 1. Frogs
body masses were in the range of 17-34g.
Therefore, we examined changes in isoenzyme
profiles and activities of liver antioxidant enzymes
SOD and CAT during the process of thawing. As
shown in Figure 1A, native gel electrophoresis in
autumn frog liver resolved the presence of three
SOD isoforms marked as SOD1, SOD2, SOD3
(with RfSOD1= 0.156, RfSOD2= 0.311, RfSOD3= 0.650)
before freezing (control AC1-2) and during
different periods of thawing (A1±6). Subzero
temperatures induced a decrease in SOD activity in

(acclimatized frogs - AC and SC) and another six
frogs were exposed to subzero temperatures.
Experiment was designed in such a way that
individuals (autumn and springs) which were
1550

© by PSP

Volume 26 ± No. 2a/2017, pages 1548-1553

hours of thawing). Following native PAGE,
visualization of the liver CAT on gels in samples
before and after hibernation, in control as well as
samples during thawing, are shown in Figures 2A
and 2B. Only one CAT isoform (Rf~0.179) was
detected in all samples. Measured CAT activities
(relative units) are presented in Figures 2C and 2D.
In the prehibernation period (autumn frogs),
thawing induced a decrease in CAT activities, more
especially in first hours of the process (Figure 2C)
(a decrease 40% after 1.5 hours). Similar changes
may also be observed in liver CAT activity in
spring frogs after the hibernation. Liver CAT
activity was 33% lower in first hour after thawing
in comparison to control samples (Figure 2D). Our
results show that the trend of changes in SOD
activity was the same before and after hibernation
in both seasons while CAT response differs by
season (Figure 1C, D and Figure 2C, D)

1.5 h
thawing
1.5 h
thawing
2.5 h thawing

spring

control

2.5 h thawing

autumn

control

TABLE 1
Frogs body masses (g) and concentration
(mg/gFW) of soluble proteins extracted from
frog liver.
Sampling
Samples
Body
Protein
period
mass
concentrati
(g)
on
(mg/gFW)
AC1
22.1
5.72
AC2

23.0

5.10

AC3

22.2

8.30

A1

33.1

13.53

A2

24.8

16.05

A3

24.0

11.28

A4

26.1

16.00

A5

21.0

18.07

A6

38.5

11.07

SC1

17.8

8.13

SC2

14.5

4.22

SC3

16.6

6.27

S1

17.0

5.10

S2

23.8

4.42

S3

19.5

5.37

S4

22.3

6.03

S5

30.4

3.54

S6

28.0

4.16
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DISCUSSION
Exposure of animals to cold and freezing
cause ischemia as a result of slowing and cessation
of blood flow, subsequently reperfusion of
oxygenated blood during thawing and warming and
this leads to ROS production. According to that
fact, antioxidative defence system (ADS) is a key
component of freezing tolerance and subject of
many studies which deal with freeze-tolerant
animals [6, 9, 14].
In this study, we deal with changes in
activities and isoenzyme patterns of SOD and CAT
as two of the most important enzymes of ADS in
Pelophylax esculenta complex. Green frog is a
water dwelling organism and bibliographic data on
its response to the subzero temperatures are poor in
comparison with wood frog Rana silvatyca.
Superoxide dismutases (E.C. 1.15.1.1) are
very important enzymes involved in the reduction
of oxidative damage by catalyzing the reaction of
dismutation of superoxide (O2í) into oxygen and
hydrogen peroxide. As it is well-known, only two
forms of SOD exist in frogs: copper and zinc
containing SOD (CuZnSOD), typically found in the
cytosol and manganese SOD (MnSOD) found in
the mitochondria [21, 10, 8, 14]. There is evidence
that both isoforms are subject of reversible
phosphorylation as part of the response to freezing
in R. sylvatica [2]. Our results indicate existence of
three isoforms in autumn frogs in comparison with
two isoforms of SOD in spring frogs (Figures 1A
and 1B), which could be consequence of protein
modification. Decrease in enzyme activities after
freezing in autumn frogs complies with results in
study of Storey at al. [18] where the author showed
that SOD activity decreased significantly during
freezing in muscle, kidney, and heart of wood
frogs. However, SOD activity in kidney and heart

the first hour of thawing in comparison with control
(Figure 1C). SOD activity increases with
prolongation of thawing interval and after 2.5h
reaches the value of 4.98 relative units, which is
15% lower than the control value. In spring frogs
two SOD isoforms (SOD2 and SOD3) were
observed in liver extracts of the control (SC1-4)
and experimental samples during thawing (S1±6)
(Figure 1B). We have monitored the changes of the
liver SOD activity in spring frogs during the
process of thawing (Figure 1D). In the first hours of
thawing major changes in SOD activity were
recorded (an increase of 42% after 1.5h). After the
initial increase SOD activity decreased almost to
the control level (samples S4, S5 and S6 after 2.5
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showed a general and consistent response during
recovery from hibernation in Pelophylax esculenta
complex.

recovered to control levels after 24h of thawing but
this activity remained suppressed in skeletal
muscle. This SOD response parallels the effects of
anoxia/recovery in turtles and again suggests that
SOD may be very sensitive to the acute changes in
superoxide levels [15]. If oxidative stress is
persistent, or its level is very high, the protein
damage becomes profound and a decreased SOD
activity may occur. Oxidative stress (especially
H2O2 exposure for instance) has to decrease the
activity of SOD, more precisely only CuZnSOD
isoform. Also it is a simple negative feedback of
H2O2, the product of the reaction on the enzyme
itself. Detoxification of H2O2 is of special
importance, since 1-2% of all oxygen used for
mitochondrial respiration is converted to O2- and
H2O2 [7]. On the contrary, in spring frogs, which
survive the long winter period, after freezing and
during first hours of thawing (Figure 1C) SOD
activities increase. These results may be explained
by the fact that freeze-tolerant frogs cope with
freezing/ischemia by elevating constitutive levels of
antioxidants in their tissues and selecting
antioxidant enzymes as superoxide dismutase
(SOD), glutathione peroxidase, glutathione-Stransferase, catalase, and glutathione reductase [9,
2]. The increased activities of SOD in period after
hibernation probably represent a compensatory
adjustment of activities to deal with a new stadystate level of ROS generation associated with the
higher metabolic rate at the higher temperature [1].
Recovery of SOD activity on control level is about
1.5 hour during thawing. Increase of the SOD 2.5
hours after is in correlation with the mass of
animals. It has been shown previously that the
weight of an individual can influence the process of
thawing.
Thus, SOD reduced superoxide anions to
hydrogen peroxide and catalase converted hydrogen
peroxide to water and molecular oxygen. Under
conditions such as ischemia/reperfusion, CAT plays
a crucial role in the reduction of H2O2 [5, 13]. In
study of Dawson and Storey [4] was shown that
CAT in skeletal muscle of R. sylvatica underwent
through reversible phosphorylation which altered
kinetic parameters, a lower Km for H2O2 and a
higher Vmax, which activated CAT during
freezing. Only one CAT isoform was resolved in
liver extracts of autumn and spring samples, and we
also recorded significant decline of CAT activity.
The reason could be the difference in antioxidative
strategy of these two species as well as different
organ specialization caused by non-uniformed
thawing. Storey at al. [18] showed that
freeze/thawing processes would stimulate acute
changes in activities of organs via antioxidant
enzyme that would further prepare the animal to
deal with ROS generation during thawing and
reperfusion. The activities of the primary
antioxidant defense enzymes, SOD and CAT,

CONCLUSION
For the first time we showed isoezyme pattern
of antioxidant enzymes (SOD and CAT) in the liver
of green frogs and their changes during the process
of thawing. Our results showed different SOD
isoezyme pattern in frogs before and after
hibernation, and also different trend of changes of
SOD activity depending on the period of thawing.
In addition, our results suggest less pronounced
seasonal variations in the activity of CAT.
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HAZELNUT MEAL AS A PROTEIN SOURCE IN RUSSIAN
STURGEON (Acipenser gueldenstaedtii BRANDT, 1833) DIETS
Huriye Ariman Karabulut*, Ilker Zeki Kurtoglu, Samet Altas
Department of Aquaculture, Faculty of Fisheries, Recep Tayyip Erdogan University, Rize, 53100, Turkey

restocking rivers in Black Sea Basin in 2002 [2].
Sturgeon is considered to be a potential candidate in
aquaculture all over the world owing to their high
growth rate, large body size and strong adaptability to
environments [4]. Sturgeons are new species for
Turkish aquaculture with their high valuable meat and
caviars. Owing to this reason, the culture studies of
sturgeon species were focused on their breeding,
feeding and environmental [2, 4].
Fish meal is the most important and one of most
expensive protein source in aquaculture-formulated
diet. Therefore, replacement of fish meal with less
expensive protein sources would be beneficial in
reducing feed costs. In contrast, current diets used in
sturgeon farming are based on high-quality fish meal
as the main protein source [5]. High demands and
limited supply have led to high price for fish meal.
Therefore, replacing fish meal with available supply
and low price plant protein ingredients has become a
focus [5, 6]. Several different vegetal protein sources
are utilized in mixed feed to replace fish meal.
Hazelnut meal, which was used in the present study, is
among those vegetal protein sources. Turkey, the
ZRUOG¶VODUJHVWKD]HOQXWSURGXFHUSURGXFHVDERXW
of the World supply. Hazelnut production in Turkey
was about 584.000 tons (in shell) in 2005 [7, 8].
Hazelnut meal is obtained through the processing of
surplus, non-exportable and low quality hazelnuts that
would not be introduced to the domestic market.
Hazelnut meal is obtained following the extraction of
oil and is rich in protein content (40%) and poor in
cellulosic content (9%) and is therefore a valuable
source of proteins [9, 10]. Hazelnut meal has
extensively been used in poultry rations in feed
industry [11, 12]. Despite the research conducted on
the use of hazelnut meal on such applications, only
limited research was carried out on its use in mixed fish
meal [8, 9, 10, 11, 12]. Sturgeon aquaculture and the
use of hazelnut meal in fish meals strike as a newly
introduced concept in Turkish fish farming sector.
There are, however, a little information on nutrition
and feeding especially by A. gueldenstaedtii. Digestive
enzyme structure is closer to omnivorous fish lifestyle

ABSTRACT
The uses of hazelnut meal in Russian sturgeon
(Acipenser gueldenstaedtii) diets were investigated.
Hazelnut meal used in three different concentrations: I.
Group (control) 0% HM, II. Group 15% HM and III.
Group 45% HM, respectively. At the beginning of the
study, mean fish weight were 225.58±0.38 g. Each
group had three replicates, and each replicate had 12
individuals. Experiment was carried out for 3 months.
Experimental diets were prepared as isonitrogenous
(43% CP). At the end of the experiment, increased
level of hazelnut meal in sturgeon diets led to
decreased live weight gain, specific growth rate, feed
conversion ratio and protein efficiency ratio. Final
weight of fish for I. Group, II. Group and III. Group
were 372.58±0.35 g, 328.42 ± 0.40 g and 312.46 ± 0.34
g, respectively. Greatest live weights were obtained in
group I. Hazelnut meal, supplemented groups would be
lower cost of production than control. Economic
FRQYHUVLRQUDWLR (&5 RI,,,+0*URXS ¼
kgí1 ZRXOGUHSUHVHQWDVDYLQJRI¼NJí1 compared
to the control. Optimum dietary level of hazelnut meal
for growth and feed conversion ratio obtained from
quadratic regression was 15%, but when economic
aspects were considered, the optimum dietary level
was 45% hazelnut meal.

KEYWORDS: Economic analysis, feed utilization,
growth, hazelnut meal, russian sturgeon

INTRODUCTION
Sturgeon culture is growing world-wide,
especially in the Caspian Sea Region, Western Europe,
Russia. Sturgeon aquaculture experiments started at
VHFRQG SDUW RI ¶V LQ 7XUNH\ 7KDW VWXGLHV ZHUH
carried out with 75-days old A. baerii fingerlings,
imported from France [1, 2, 3, 4]. In Turkey, first
experimental trials on Russian sturgeon were begun for
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protein) (Table 1).

[4, 13]. Hazelnut meal contains more than 44% crude
protein [8, 9], but there is no information about its
potential as a replacement for fish meal in diets
formulated for sturgeon.
The present study aims to investigate the effect of
the use of hazelnut meal as an addition or an alternative
to fish meal obtained from wild fishery on the growth
and feed efficiency performance of Russian sturgeon
individuals in fish farms.

TABLE 1
Formulation, proximate composition and energy
content (kJ/g feed) of the experimental diets
Ingredients (%)
Dietary protein level (%)

MATERIALS AND METHODS
The Fish, Aquaculture Conditions and
Experimental Design. Studies were carried out in
Recep Tayyip Erdogan University Aquaculture
Research and Application Center and Fisheries and
$TXDFXOWXUH )DFXOW\¶V ODEV LQ ZLQWHU VHDVRQ IURP
December to end of February. A total of 9 fiberglass
tanks of 450 L volume were used in the experiments
(dims. 110 x 110 x 50 cm). Natural photoperiod and
stream water were used during the experiment. The
water temperature was fluctuated between 7-12oC
(mean 9.45±0.11ºC) throughout the experiments. A
total of 108 Russian sturgeon individuals each of age
of 1+ with an average weight of 225.58 ± 0.38 g, were
randomly selected, and then settled in to the fiberglass
tanks for study. Three different diet groups were
prepared with changing feed hazelnut meal and fish
meal ingredients; first group (HM0) was include 60%
fish meal and 0% hazelnut meal; second group (HM15)
was include 45% fish meal and 15% hazelnut meal;
and third group (HM45) was include 15% fish meal
and 45% hazelnut meal (Table 1). The fish were
weighed in r 0.01g precision balances at 15 day
intervals and the water temperature along with the
weight of the fish were considered as the basic criteria
in the adjustment of the feed rations. The rations,
which were calculated to match 3% of the weight of
the live fish, were fed in 4 meals a day. The tank bottom
was siphoned and cleaned from the residual unwanted
fish meal 1-2 hours following each meal and the
collected residual meal was dried and weighed.

II.
HM 15

III.
HM 45

Fish meal

60.00

45.00

15.00

Hazelnut meal
(defatted)
Wheat meal

-

15.00

45.00

25.80

18.60

1.00

Corn gluten

0.20

7.00

23.40

Fish oil

10.80

11.20

12.40

Vitamin mixture

0.20

0.20

0.20

Mineral

mixture

1.00

1.00

1.00

Methionine

0.40

0.40

0.40

Lysine

0.60

0.60

0.60

Molasses

1.00

1.00

1.00

Chemical
composition
Moisture (%)

8.56

8.75

9.53

Crude protein (%)

43.77

43.16

43.17

Crude lipid (%)

15.96

15.51

15.01

Crude ash (%)

7.96

7.70

7.46

23.75

24.88

24.83

25.47

26.34

26.14

NFE (%)

2

GE (kJ/g feed)

3

1

HM: hazelnut meal
Nitrogen free extracts = matter - (crude lipid + crude
ash + crude protein) [6].
3
Gross energy, calculated according to 23.6 kJ/g
protein, 39.5 kJ/g lipid, 17 kJ/g NFE [12].
2

The fish meal was semi-coarse ground (max.
particle size 0.3 mm) prior to pelleting and they were
VLHYHGWKURXJKDVL]HRIȝP7KHGU\FRQVWLWXHQWV
were weighed in the same container and were mixed
with water that was 35% of the weight of the dry
constituents in the container following the sieving
process. The mixture was homogenized and processed
through a mincer. The pellets of 3 mm diameter were
kept at 60ºC for 24 hours to allow for proper drying.
The fish meal that was cooled down to room
temperature was labeled and kept refrigerated in bags
until use.

Test Meals and Analyses; The fish in the test
group were fed with the base feed comprised of fish
meal and other sets of base meal supplemented with
different ratios of hazelnut meal replacing the fish meal
for 90 days. Each different constituent of the fish meal
were subjected to routine foodstuff analyses prior to
the preparation of the test rations and the values were
transferred into a computerized environment to be
stored and organized. The fish meal constituents were
obtained from several feed mills in the area. The
rations were arranged isonitrogenically (43% raw

Statistical Analyses. 7KH ³6LJPD 3ORW´
software package program was used in the evaluation
of the data, and the significance of the variance among
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TABLE 2
Economic analysis and growth performance in experimental groups (mean ± SEM)*
Diet
0% HM I.

15% HM II.
a

225.92±0.37 a

Initial Weight (g)

225.33±0.42

Final Weight (g)

372.58±0.35a

328.42±0.40b

312.46±0.34bc

GR (g)1

147.25±0.22a

102.92±0.21b

86.54±0.24c

SGR (%)2

3.35±0.11a

2.51±0.13ab

2.16±0.11b

FCR3

1.41±0.24a

1.73±0.20a

2.01±0.23b

PER4

1.68±0.31a

1.21±0.27ab

0.83±0.32c

CF (%)5

0.47±0.12a

0.46±0.09a

0.40±0.11b

1.71

1.03

&RVWRI'LHW ¼NJ-1)
í1 6

(&5 ¼NJ )

225.50±0.34

45% HM III.
a

2.64
3.72±10.13

a

2.96±9.25

ab

2.07±11.11b

9DOXHVLQWKHVDPHURZZLWKQRFRPPRQVXSHUVFULSWVDUHVLJQL¿FDQWO\GLIIHUHQW 3 
Growth rate, GR (% increase in weight)
2
Specific growth rate, SGR (%day-1) = ((Ln final body weight ± Ln initial body weight)/days) x 100
3
Feed conversion ratio, FCR = dry feed intake (g) / weight gain (g)
4
Protein efficiency ratio, PER = (final body weight ± initial body weight)/protein intake
5
Condition factor, CF (%) = (W/L3) x 100
6
ECR = Cost of diet x Feed conversion ratio [14].
1

rations on GR and SGR did not yield significant
differences across groups (Fig.1, Fig.2).
A statistical evaluation of the effect of the ratio of
hazelnut meal used in the rations on condition factor
(CF, %) indicated statistically significant differences
between group I and group III, group I and group II,
and group II and group III at a confidence level of 0.05.
The best CF was obtained for group I, which was not
fed any hazelnut meal throughout the experiment,
followed by group II. The lowest CF was determined
for group III, which was fed with hazelnut meal at a
ratio of 45%. Investigation of the effect of the ratio of
hazelnut meal used in the rations on feed conversion
ratio (FCR) indicated that the highest feed conversion
ratio (FCR) was determined as 1.41±0.24 for group I,
which was not, fed any hazelnut meal throughout the
experiment. Feed conversion ratio (FCR) indicated
statistically significant differences between group I
and group II, group I and group III, and group II and
group III at a confidence level of 0.05. The protein
efficiency ratio (PER) for groups I, II and III were
determined as 1.68±0.31, 1.21±0.27 and 0.83±0.32,
respectively, at the end of the test period. Investigation
of the effect of the ratio of hazelnut meal used in the
rations on PER indicated statistically significant
differences between group I and group II, group I and
group III, and group II and group III at a confidence
level of 0.05. The economic parameters were evaluated.
The cost of diets was reduced with hazelnut meal

groups was determined using the Anova-Tukey test at
a confidence threshold of 0.05.

RESULTS AND DISCUSSIONS
The effect of the addition of hazelnut meal into
the rations at varying ratios on the growth performance
of the Russian sturgeon was investigated in the present
study and the results of the experiment are provided
below (Table 2).
The water temperature was measured twice daily,
and the overall mean water temperature was
determined as 9.45±0.11°C. The temperature of the
water was measured as 7°C as the minimum value and
as 12°C as the maximum value and no deaths were
observed among the fish. The highest individual live
weight was determined as 372.58±0.35 g at the end of
the test period in group I whose ration did not include
any hazelnut meal followed by 328.42±0.40 g
measured in group II, which was fed with rations
containing 15% hazelnut meal. The lowest individual
weights were measured in group III as 312.46±0.34 g,
which was fed with rations containing 45% hazelnut
meal (Table 3). A similar trend was also observed in
percent live weight increase (GR, %) and specific
growth rate (SGR, %) values. A statistical evaluation
of the effect of the ratio of hazelnut meal used in the
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content of 12-16% in sturgeon farming [17]. Hung [16]
and Hung and Deng [18] reported that the young
Siberian sturgeon (following the external feeding
period of 4 weeks) requires a lipid content of 12-20%
in their diet whereas they require high protein contents
of 45-50. Thus, balanced diets with 35-45% protein
content were reported to be more effective. Russian
researchers reported that the protein content should be
46-50% for the fry whereas it should be 50-55% and
the lipid content should be 8-12% for the optimal
development of sturgeon larvae [18]. Similarly, in the
current study, the fish were fed meals having 43%
protein and 15% lipid content and the most optimal
growth was observed in group I, which was not fed any
hazelnut meal, followed by groups II. and III.
The values used in the present study are in
accordance with those of previously conducted studies.
The specific growth rate of the sturgeon was reported
to vary in the range of 0.34-2.55% in previously
conducted studies [6, 19, 20]. The mean specific
growth rates of the three groups were determined as
3.35%, 2.51% and 2.16%, respectively, in the present
study. The specific growth ratio of the fish was
determined to vary in response to fluctuations in the
temperature throughout the study. The fluctuations in
the environmental conditions were believed to cause
the relatively different specific growth ratios
determined in the present study in comparison to the
results obtained from previously conducted studies.
Prokes et al. [19] reported that the condition factors of
the fish varied in the range of 0.30-0.45% (mean 0.38%)
under the stated experimental conditions during the
107 day growth study on A. ruthenus and A. baerii.
Similar results were obtained in other similar studies
[6, 20]. The mean condition factors of the groups were
determined as 0.47%, 0.46% and 0.40%, respectively,
in the present study. The calculated condition factors
were in accordance with those that were determined in
previous studies. Mazurkiewicz et al. [20] determined
the feed conversion ratio (FCR) as 1.2 and the protein
effectiveness ratio (PER) as 2.1 in a study investigating
the effect of using vegetal feed supplements; soy
protein concentrate (SP) and rapeseed molasses (RM)
in place of fish meal (FM) in the feed in the aquaculture
of the Siberian sturgeon fry. The optimal feed
conversion ratio (FCR) was determined as 1.41 and the
protein effectiveness ratio (PER) as 1.68 in the present
study.

replacement. The economic conversion ratio (ECR) of
WKHFRQWUROGLHWZDVWKHKLJKHVW ¼NJí1), and ECR
of the hazelnut meal ZDVWKHORZHVW ¼NJí1).

FIGURE 1
Growth performance of different diet
groups in experimental days

FIGURE 2
Specific growth rate of different diet
groups in experimental days
Previous studies reported that the Russian
sturgeon (Acipenser gueldensteadtii) the optimal
growth was observed in young individuals at 25-26ºC
[13, 15]. The water temperature varied in the range of
7-12ºC (mean 9.45±0.11ºC) throughout the study.
These values were in accordance with the
measurements obtained in previously conducted
studies [16]. Generally speaking, the protein ratio of
sturgeon diet was suggested to vary between 25% and
65% and the lipid content should vary between 8 and
25% [17, 18]. Other studies suggested the use of
fishmeal having a protein content of 35-45% and lipid

CONCLUSIONS
This study investigated the effect of using
hazelnut meal as an additive success to sturgeon diets.
The results of the study indicated that hazelnut meal
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[8] Ozer, A. (2002) Effect of Hazelnut Meal as
Substitute for Soybean Meal in Quail Diets on
Growth and Fecundity. Master Thesis, O.M.U.
Institute of Science, Samsun.
[9] Bilgin, O., Turker, A. and Tekinay, A.A. (2007)
The use of hazelnut meal as a substitute for
soybean meal in the diets of rainbow trout
(Oncorhynchus mykiss). Turk. J. of Veter. and
Ani. Sci., 31, 145-151.
[10] Atalayoglu, G. and Cakmak, M.N. (2010) The
Investigation possibilities of using hazelnut
kernel meal in scale carp diets, Firat Univ. J. of
Sci., 22, 71-78.
[11] Dogan, G. and Bircan, R. (2015) The Effects of
Diets containing Hazelnut Meal Supplemented
with Synthetic Lysine and Methionine on
Development of Rainbow Trout, Oncorhynchus
mykiss. Turk. J. of Fish. and Aquat. Sci. 15,
119-126.
[12] Ergun, S., Yigit, M., Turker, A. and Harmantepe,
B. (2008) Incorporation of soybean meal and
hazelnut meal in diets for Black Sea Turbot
(Scophthalmus maeoticus). The Isra. J. of Aqua.
± Bamidgeh, 60, 27-36.
[13] Vecsei, P. (2001) Threatened fishes of the world:
Acipenser gueldenstaedtii Brant and Ratsenburg,
1833 (Acipenseridae), Environ. Biology of
Fishes, 60, 362±362.
[14] Piedecausa, M.A., Mazon, M.J., Garcia-Garcia,
B. and Hernandez, M.D. (2007) Effects of total
replacement of fish oil by vegetable oil in the
diets of sharp snout sea bream (Diplodus
pintazzo). Aqua., 263, 211-219.
[15] Mims, S.D., Lazur, A., Shelton, W.L., Gomelsky,
B. and Chapman, F. (2002) Species Profile
Production of Sturgeon. Southern Regional
Aquaculture Center, November 2002.
[16] Hung, S.S.O. (2000) Feeds and Feeding of
Sturgeon ± Int. Aqua feed, 4, 24-27.
[17] Hasan, M. (2010) Feed formulation and
preparation including ingredient selection.
Seminar on Sturgeon Hatchery Techniques and
on-farm Feed Management, 19-22 April 2010,
Trabzon, TURKEY.
[18] Hung, S.S.O. and Deng, D.F. (2002) Sturgeon,
Acipenser spp. In: Webster, C. D (ed) Nutrient
Requirements and Feeding of Finfish for
Aquaculture. CAB Inter., CABI Publishing pp.
344-357.
[19] Prokes, M., Barus, V. and Penaz, M. (1997)
Comperative growth of juvenile Sterlet and
Siberian sturgeon under identical experimental
conditions. Fol. Zoolog. 46, 163-176.
[20] Mazurkiewicz, J., Przyby, A. and Golski, J. (2009)
Usability of some plant protein ingredients in the

would be used successfully to replace 15% of the fish
meal in surgeon rations.
The hazelnut meal usage in Russian sturgeon diet
has no serious negative effects, but need to increase
feed conversion rate of the diet with hazelnut sturgeon
feed. From the customer's perspective, the use of
hazelnut meal protein-rich diets means in practice
lower prices with no changes in the fish organoleptic
properties.
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necessary [5]. Advanced oxidation processes
(AOPs) are a class of chemical methods based on
production of hydroxyl radicals, greatly reactive
elements, which improve the oxidation of dangerous
organic pollutants [6]. Different AOPs such as
Ozonation, UV/O3, Peroxone, Fenton, photo-Fenton,
UV/H2O2, UV/TiO2 and UV/ZnO for degradation of
organic compounds in wastewater have been
employed and examined by many researchers [7±9].
The photo-)HQWRQ¶V technique is a mixture of
hydrogen peroxide, Ferrous ion (Fe2+) and UV light
which produces hydroxyl radicals. It has been
extensively used for oxidation of pollutant and
decrease the COD in the wastewater [10]. The photoFenton process could be used as a hopeful and
attractive treatment process for an effective
decolorization and degradation of dyes from
wastewater in textile industries [11].
The main objective of this project was to
explore the usage of UV/ZnO and photo-Fenton
processes in degradation of Reactive Red 195. The
influences of major operating parameters such as
catalyst loading, initial pH, initial concentration of
the dye and H2O2 on the degradation efficiency were
also investigated.

ABSTRACT
In this work, degradation of Reactive red 195
(RR195) in aqueous solution was explored by
UV/ZnO and photo-Fenton processes in a batch
photo reactor. The influence of main operating
factors such as initial pH, the concentration of
hydrogen peroxide, RR195, Ferrous ion and catalyst
on degradation efficiency were studied. The
Spectrophotometric and chemical oxygen demand
(COD) tests were applied for measurement of
degradation efficiency. The removal efficiency in
photo Fenton process (98.5% in 20 min of reaction)
was higher than UV/ZnO (70.5% in 60 min). After
60 min of reaction, the removal of COD in photo
Fenton and UV/ZnO processes was 65.5 and 36%,
respectively.

KEYWORDS:
Chemical oxygen demand (COD), Batch photo reactor,
Reactive red 195, photo Fenton process, UV/ZnO.

INTRODUCTION
In the last decades, synthetic dyes were
produced by humans to reach an extensive range of
colors with more stability and resistance against
washing and general use. Various types of dyes were
applied for different kinds of uses containing the
cosmetic, textile, leather, food and pharmaceutical
industries [1]. Though the most extensively dyeing
process is in the textile industries, other common
processes are applied for plastics, leather and other
uses [2]. The wastes of dies industries had high
molecular weight and water solubility, so they are
not simply remediable [3]. Furthermore, many dyes
and their degradation intermediates are noxious to
life. Because of their extremely polluting properties,
so the dye removal and treatment of wastewater
should be considered [4].
The classical methods have high operating
costs, hold the secondary pollution and require long
reaction time for treatment of industrial wastewater,
so using new techniques without these difficulties is

EXPERIMENTAL AND METHODS
Materials. Reactive red 195 (RR195) was
purchased from Loba chime Pvt. Ltd., and used
without further purification. The chemical properties
of RR195 are shown in Table 1. Ferrous Sulphate
heptahydrate (FeSO4·7H2O) as the source of Fe (II),
Hydrogen peroxide solution (30% w/w), H2SO4 and
NaOH are all supplied from Merck. The nano
powder of ZnO (Aldrich, surface area 15±25 m2/g)
was used as received. Distillate water was employed
in the entire work.
Apparatus. The experiments are accomplished
in a batch photo reactor with a total volume of 1.5 L.
A mercury lamp, Philips 15W (UVíC), acts as a
light source which was placed horizontally above the
reactor.
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TABLE 1
Chemical structure and maximum absorption of Reactive red 195.
Pollutant
Molecular structure
Ȝmax(nm)
Reactive red
195(C31H19ClN7Na5O19S6)

540

Molecular
Mass
1136.32

with MnO2 powder to decay residual amount of H2O2
[12]. Before each examination, samples are
centrifuged and filtered to remove MnO2 powder.
The samples were withdrawn, centrifuged and
filtered, and then the concentrations of Reactive red
195 were measured by finding the absorbanceat the
maximum wavelength at 540 nm by a single beam
UV/Vis
spectrophotometer
(Agilent,
5453,
American). The COD value was obtained by
Dichromate closed reflux methods [13]. The
amounts of color removal were achieved by the
difference in the absorbance values between the
initial and the final samples. The percentages of
decolorization and degradation were estimated from
the following equations (Eqs. 1 and 2):

The reactor is equipped with a sampling system and
covered with an aluminum sheet to avoid loss of UV
light (Fig.1). In all tests, the temperature regulated
fixed with jacket water at 25Ԩby an external
circulating flow of a thermostatic bath, BW20G
model from Korean Company. The solution in the
reactor mixed well with magnetic stirrer to avoid any
dead zone.

ܴ݁݉ͻͳܴܣ݂݈ܽݒͷሺΨሻ ൌ ቀ

ሾோଵଽହሿబ ିሾோଵଽହሿ
ሾோଵଽହሿబ

ቁ ൈ ͳͲͲ

(1)
ܴ݁݉ܦܱܥ݂݈ܽݒሺΨሻ ൌ ቀ

FIGURE 1
Schematic diagram of laboratory-scale
experimental set-up used.
1- Magnetic Stirrer, 2-Batch reactor, 3-Jacket
water, 4- UV lamp, 5- Cooling water supply
from thermostat, 6- Cooling water return, 7Magnetic bar, 8- Sampling port, 9-Dark box

ሾைሿబ ିሾைሿ
ሾைሿబ

ቁ ൈ ͳͲͲ

(2)
Where [ͻͳܴܣͷ]0 and [COD]0 are the
concentration of the ͻͳܴܣͷ and amount of COD at
the start of the reaction. Also the terms, [ͻͳܴܣͷ] and
[COD] are the concentration of RR195 and amount
of COD at time t, respectively.

Analytical Procedure. Various concentrations
of ZnO, H2O2 and Fe2+ are used foroptimization in
UV/ZnO and photo Fenton processes The reactions
are quenched by adding 10% aqueous solution of
Sodium Sulfite. The lamp was switched on to start
the reaction in the photo Fenton and UV/ZnO
process. The solution in the reactor was mixed by a
stirrer to prevent from the settling of Iron ions and
keep the suspension to be homogenous. The pH was
adjusted by adding NaOH or H2SO4 (0.1 M) and
studied in the range of 1 to 8. The experiments were
performed by changing one factor, while others were
held fixed. The pH of the solution was adjusted using
a Basic pH Meter, PT-10P Sartorius Instrument
Germany Company. Based on former studies and
primary experiments, the pH was fixed at 3 and it is
presented as an optimal pH in all tests in the photo
Fenton process.
Hydrogen peroxide interferes with the COD
and absorbance tests. So, the samples are treated

RESULTS AND DISCUSSION
UV/ZnO process. Degradation of dye
pollutants existing in the wastewater can be
performed by ZnO photo catalytic process. The
mechanism of generation of hydroxyl radicals can be
described by the following equations (Eqs. (3±7))
[14,15]:
ା
ି
ܼܱ݊  ݄ ݒ՜  ݄௩
  ݁
 
ା
ܪଶ ܱ  ݄௩
՜  ܱ ܪȈ    ܪା  
ା
ܱ ି ܪ ݄௩
՜  ܱ ܪȈ  
ି
ܱଶ  ݁ ՜  ܱଶȈି    ܪା  
ܱଶȈି   ʹ ܪା ֞  ʹܱܪଶȈ (7)

The photo catalytic degradation of dye in
solution isoriginated by photoexcitation of the zinc
oxide, followed by the production of an electron±
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Additionally, according to Eq.5 the formation
of hydroxyl radicals was increased in alkaline media,
but degradation efficiency decreased. Because the
RR195 molecule is negatively charged at alkaline
pH, since it has a Sulfuric group in its structure.
Thus, the dye may not be adsorbed on photo catalyst
surface efficiently in the alkaline media. Based on
the experimental results, the optimum pH for photo
degradation of RR195 was obtained at neutral
condition (pH= 7).

hole pair on the surface ofthe catalyst. The hydroxyl
radicals that are very reactive can also be produced
by the breakdown of water (Eq. (4)) or reaction of
the hole with hydroxide ions (Eq. (5)). The hydroxyl
radical is a non-selective and very strong oxidant (E0
= +3.06 V) which results in the comprehensive or
partial mineralization of pollutant.
Effect of ZnO concentration. To determine
the best dosage of catalyst, the experiments were
performed at different concentrations of ZnO from
0.5 to 4 gr/l. As it can be seen from Fig.2, the photo
degradation efficiency was improved with an
increase in ZnO dosage up to the achievement of
certain optimum level at 2 gr/l, and then reduced.
The highest removal efficiency (60.5%) was gained
when 2 g/L of ZnO was used at pH of 5. By an
increase in catalyst dosage, the total active surface
area was enhanced. In high dosages of catalysts, the
turbidity of the suspension was increased; therefore
the diffusion of UV light into the solution decreased
and subsequently the photo activated volume of
suspension was reduced [15]. So, the removal
efficiency of RR195 was reduced from 60.5 to 47%
with an increase in catalyst dosage from 2 to 4 gr/l.
From the time when the most efficient degradation
of RR195 was achieved at 2 gr/l of ZnO, the other
experiments were executed in this concentration.

FIGURE 3
Effect of pH on removal efficiency of RR195 at
irradiation time of 60 min ([RR195]0 = 60 mg/l,
[ZnO]0 = 2 g/l).

The effects of the initial concentration of
RR195 in UV/ZnO process. In the UV/ZnO
process, the influence of initial concentration of the
dye in the range from 20 to 100 mg/L at optimum
conditions (pH= 7, [ZnO] = 2 g/L) for degradation of
RR195 was investigated. It can be seen from Fig. 4
that the amount of color removal drops by enhancing
the initial concentration of dye. The suggested
reason is that, hydroxyl radicals were produced by a
UV/ZnO process and by increasing the initial
concentration of dye a large number of RR195
molecules were reacted to them, therefore hydroxyl
radicals decreased. At higher concentration of
RR195, more photons were absorbed by RR195
molecules relative to the photo catalyst, therefore the
catalytic efficiency was decreased and degradation
rate reduced [17]. In addition, when the dosage of
RR195 was low, large numbers of active sites and
hydroxyl radicals were existed to the pollutant.
Therefore, by an increase in the concentration of the
dye from 20 to 100 mg/l the removal efficiency of
dye decreased from 94.6 to 31.5%, respectively.

FIGURE 2
Effect of ZnO dosage on photo degradation
efficiency of RR195 at irradiation time of 60 min
([RR195]0 = 60 mg/l, pH =5).
Effect of pH. The influence of initial pH on
degradation efficiency of RR195 was inspected in
the pH range from 3 to 11. From Fig. 3, it is obvious
that the maximum degradation efficiency (70.5 %) in
UV/ZnO process was achieved at pH of 7. The pH of
zero point charge for ZnO is around 9; therefore the
catalyst surface is positive and negatively charged at
pH lower and higher than 9, respectively [16]. At pH
lower than 9, the molecules of RR195 were adsorbed
on the surface of ZnO that was positively charged
because no repulsion was occurring between them.
But, the repulsive interaction between dye and
surface of the catalyst was happened at pH higher
than 9. So, the photo catalytic degradation efficiency
was decreased to 53.5% at pH of 11.

Photo Fenton process. The Photo-Fenton
oxidation in the presence of UV-C light gives a faster
degradation of the pollutant with higher quantum
yields. The photolysis of Ferric complexes caused
Ferrous ions to be regenerated. The main reactions
in the production of hydroxyl radicals
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FIGURE 4
The effect of initial concentration of RR195 on
the removal efficiency of dye at the irradiation
time of 60 min (pH= 7, [ZnO] 0 = 2 g/l).

FIGURE 5
The effect of the initial dosage of H2O2 on the
photo Fenton process ([RR195]0 = 60 mg/l,
[Fe2+]0 = 0.4 mM, pH = 3, time=20 min).

in the photo-Fenton process consist of Fenton
reaction, photolysis of hydrogen peroxide and photo
reduction of Ferric ion, as presented in the following
equation (Eq. 8±11). When using UV-C light, H2O2
can also be hydrolyzed originating hydroxyl radical
formation.

Accumulation of iron salt above 0.3 mM did
not influence on the removal efficiency. At a Fe (II)
concentration higher than 0.3 mM, the hydroxyl
radicals, produced from the degradation of H2O2,
were so high that many of them were used by the side
reactions before they could be consumed efficiently
for the removal of the RR195 [19].

Effect of initial dosage of hydrogen peroxide
on photo Fenton process. For the photo Fenton
process, experiments are performed by varying H2O2
dosage from 2 to 10 mM at a constant initial pH of
3, within the reaction time of 30 min. The effect of
initial hydrogen peroxide concentration on the
removal efficiency of RR195 is shown in Fig. 5.
When the dosage of H2O2 is enhanced from 2 to 6
mM, the removal efficiency of RR195 increased
from 47.5 to 98.5%. Since more OH radicals were
created and removal efficiency increased. However,
higher dosages of hydrogen peroxide cause the
presented free-radical to be scavenged and the
increase in the color removal efficiency was not
noticeable [18], or even it cause reduction in removal
of COD. Also, the auto degradation of H2O2 to water
and oxygen was occurred and further amount of
H2O2 will react with OH radicals competing with
RR195 molecules. So, the concentration of H2O2 at
6 mM considered as the optimal concentration
according to the economic point of view.

ଶ ଶ

Ȉ

(10)

Besides, brown turbidity in solution was
occurred by the accumulation of iron salt that
reduced the absorption of the UV light for photolysis
and initiated the recombination of OH radicals.


ାଶ

݄ݒ՜ ାଶ 

Ȉ

(11)

After the photo Fenton remediation, the
residual amount of iron was removed by converting
the pH of the solution to the alkaline media [20].

Effect of initial dosage of Fe (II). The
concentration of ferrous ion is a main parameter in
the photo-Fenton process. So, in this study different
concentrations of Fe2+ from 0.1 to 0.6 mM were
applied to reach its optimal dosage.
As it is shown in Fig. 6, the color removal
efficiency of RR195 was increased from 51.5 to
98.5% by increasing the amounts of iron salt from
0.1 to 0.3 mM at 20 min of reaction, based on the
following equations (Eqs. 8-9).



 ݄ݒ՜ʹ

FIGURE 6
Effect of the initial dosage of Fe2+ in photo
Fenton process([RR195]0 =60 mg/l, [H2O2]0 = 6
mM, pH= 3).
Effect of initial concentration of RR195 in
photo Fenton process. The impact of the initial
concentration of RR195 on the color removal
efficiency was presented in Fig. 7. In photo-Fenton
processes the removal efficiency decreases with
increasing the initial dosage of the RR195.
After 15 min of reaction, by an increase in the
concentration of RR195 from 20 to 140 mg/l the

 ାଶ ՜ Ȉ  ି  ାଷ  
 ାଶ ՜ ି  ାଷ
(9)

ଶ ଶ
Ȉ
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removal of color was decreased from 98 to 69.5%,
respectively. The quantity of dye molecules was
improved by an increase in the concentration of the
dye. Consequently, there was not adequate hydroxyl
radical and the removal efficiency, reduced [21]. In
the photo-Fenton process, the infusion of photons
entering into solution was decreased at higher doses
of dye, therefore the concentration of hydroxyl
radical was dropped and color removal efficiency
decreased.
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CONCLUSIONS
x The initial concentration of the dye, Fe2+
and H2O2 were affected on the color removal
efficiency of RR195. According to primary
experiment and previous studies the pH was fixed at
3 and it is introduced as an optimum pH in all
experiments in the photo Fenton process. The
optimal conditions for degradation of dye were
initial dosage of Fe2+ at 0.3 mM, hydrogen peroxide
as 6 mM and initial concentration of RR195 at 60
mg/l. The low dosage of Fe2+ had a more progressive
effect on degradation efficiency than higher ones.
x The optimum condition for the UV/ZnO
process was obtained at 2 gr/l of catalyst and pH of
7. The ZnO catalyst was poisoned and deactivated by
high dosages of the dye.
x Both UV/ZnO and photo-Fenton processes
were significant methods for degradation of RR195.
The UV/ZnO process was applied only for low
concentration of RR195. The COD removal
efficiency was reached in 65.5 and 36% in photoFenton and UV/ZnO processes, respectively.

FIGURE 7
The effect of the initial concentration of RR195
on photo Fenton process ([H2O2]0 = 6 mM,
[Fe2+]0 =0.3 mM, pH = 3).
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ABSTRACT

GENESIS OF WASTE

Incineration of hazardous waste as the way of
its elimination has been largely accepted in
petrochemical i.e. processing chemical industries.
In this study the effectiveness of this approach both
from the environmental protection standpoint and
the complete financial effect has been presented.

The waste is generated in the production
process of obtaining the vinyl chloride and is
consisted of light distillates, heavy chlorinated
distillate and chlorinated hydrocarbons in the form
of tera. Technological solutions enable their
collection, storage and manipulation in a closed
system with no possibility of contamination of the
environment. Permanent disposal of this waste is
not an option under any circumstances because of
its toxicity and aggressiveness[2]. About this timely
has been paid attention in chemical plant and came
to the conclusion after a techno-economic analysis
that waste incineration with obtaining a 28% of
aqueous hydrochloric acid ecologically and
economically is the most-affective way of solving
this problem.

KEYWORD: hazardous waste, incineration, vinyl
chloride

INTRODUCTION
The amount of hazardous waste that is
produced in the world and in our country can be
measured in millions of tons, only in the United
States generates approximate fifty million tons of
hazardous waste [1]. Incineration is emerging as an
attractive alternative to other ways of resolving this
problem (spreading along the ground, dumping at
the ocean floor, etc.).
The advantages of this way of solving the
problem of hazardous waste are multiple:
 A toxic component or the toxic
components may be converted into harmless or less
dangerous compounds.
 The volume waste is drastically reduced.
 Utilization of heat reaction burning can be
used in various ways - energy conservation.
 Obtaining of useful products.
 Incineration solves the problems of
dumping and does not leave this problem to future
generations.
Due to its unique advantages, controlled
incineration of hazardous substances conceptually
becomes a principled technology in the near future.
The paper will go through the way of removing the
burning, at the "Lurgi" plant, of light and heavy
chlorinated residues formed during the production
of vinyl chloride in the vinyl chloride plant of
monomer in the chemical plant.

DESCRIPTION OF THE PROCESS
Liquid chlorinated residues as by-products
from the facility of VCM (vinyl chloride monomer)
are burned at high temperatures (about 1400°C) in
incineration plant. Thereby is obtained the
hydrochloric acid (min.28%) of the combustion
gases from the absorption process. The produced
HCI (hydrogen chloride) is passing through the ion
changer and then is stored in the reservoir. Chlorine
and gaseous HCl from the absorbed unit, as a waste
gas, are removed in the gas scrubber. Tera and
heavy residues before burning are mixed, while the
light remains are handled separately[3] (see Figure
1).

COMBUSTION SECTION
The combustion is carried out at high
temperatures with a small excess of oxygen in order
to achieve approximately 98% conversion of
chlorinated components of the HCl and thus obtain
hydrochloric acid which is substantially free of
chlorine. In the first part, the chlorinated
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hydrocarbons, and if necessary, as well as the
burning gas as additional fuel are burnt under the
stoichiometric ratio at a temperature from 1200°C
to 1400°C. Part of the necessary steam is added
through a circular nozzle in the form of a mist
steam. The steam also serves to cool the inner wall
of the cylindrical combustion chamber as well as
immersion of the reaction products.
In the second part is added the air in order to
increase the temperature and incineration of all
intermediate goods, which were formed under the
stoichiometric ratio. Secondary air enters
tangentially into the incineration chamber at its end,
and flows along the inner wall where is formed a
stable ring or circular swirl of air. Thus is
conditioned intensive mixing of the incinerated
products from the first part with additional air and
execute a complete burning under optimum
exploitation of reaction time in the burning
chamber. With the desired direction of air for
burning unwanted products can be cooled whereby
the air itself heats[4,5].
Gases are passing through the chamber after
burning and the reaction is going to be completed in
the chamber. Incineration unit is controlled from a
central instrument panel. The amount of atomized
steam both of primary and secondary air is adjusted
in relation to the input of chlorinated by-products.
The flow of gas for heating buildings is regulated in
relation to the flow of primary air. Flame control is
performed by UV flame detector.
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in series. Quechua part is supplied with HCl acid
that circulates in order to reduce the temperature of
gases flowing to the dew point. As part of the
interior of the Quechua and isothermal absorber
made of dijabona, special graphite, it is necessary
for supplying coolant to be stable. Therefore, there
is an automatic change-over from the acid to the
water security that needs to be active if the required
amount is not enough. The temperature is adjusted
still so that the composition of gases, together with
the second-degree isothermal absorber goes up to
the desired concentration of acid.
The obtained HCl acid min. 28%
concentration is pumped through the ion exchanger
to remove iron, and then to a storage tank where it
is pumped back to consumers within the complex of
chemical plant. Most of this acid is placed on the
market thus achieving economic gains.

CLEANING SECTION AND DISCHARGE OF
WASTE GAS
The gases discharging the absorption unit
from the second-degree isothermal absorber are
transferred with a blower in a two-degree scrubber
column to remove traces of residual HCl and Cl2
(Chlorine) (Figure 2).
The first degree scrubber works with circular
flow of water to which was added NaHSO3 (sodium
hydrogen sulphite) in order to remove chlorine. A
part of HCl contained in the gas is consequently
removed. In the second degree is added NaOH
(Sodium hydroxide) in order to remove HCl and
chlorine that may still be present in trace amounts.
This can best be achieved by circulating of fluid in
which the fresh NaOH is constantly put and a worn
base is removed. Cleaned and cooled gas is
discharged to the top of the column through the
chimney into the atmosphere. Wastewater is
discharged in the sewage system and goes to a
central waste water treatment, which is treated by
adequate procedures[6].

ABSORPTION SECTION
This section includes isothermal absorber with
attached Quechua part, second-degree isothermal
absorber and acid tanks complete with pumps. In
the first isothermal absorber, acid circulating in
essence is obtained using indirect cooling. The
temperature of the gases is adjusted so that is
obtained the desired concentration of acid in the gas
phase for the second isothermal absorber which is

FIGURE 1
View of the amount of sludge for thickening
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FIGURE 2
Technological scheme process of cleaning flow of a waste gas ± two-degree scrubber
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CONCLUSION
As seen from the results shown in advance,
the burning of chlorinated derivatives solve the
major environmental problem of waste. These
compounds belong to the group with the most
dangerous poison of carcinogenic mutagenic effect.
Knowing that under no circumstances should not
permanently stowed, they are used either as a raw
material for the production of tri-perchlorethylene,
or are burned (in a controlled way) on the
aforementioned manner, in particular plants. In this
way is achieved a positive economic and
environmental impact, because from the waste
gases are obtained diluted hydrochloric acid, which
is placed in the market. In this way, you are eligible
to financial gain, and solved a major environmental
problem.
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pollution, and it is closely related to water and air
pollution. On the one hand, Street dust is
transported into the receiving waters during rainfall
and affects the stream water quality and aquatic
biota markedly. Urban runoff has been deemed as
one of the leading sources of water quality
impairment for rivers, lakes and estuaries. On the
other hand, under the influence of wind, traffic flow
and anthropic activity, the street dust may be
re-suspended and affects the atmospheric
environmental quality and weather. Therefore, the
quality of street dust is related to urban aquatic,
atmospheric and ecological environment including
human health [2].
Street dusts receives various heavy metal
inputs from a variety of mobile or stationary
sources, such as vehicular traffic, industrial plants,
power generation facilities, residential oil burning,
waste incineration, city construction and demolition
activities and the re-suspension of surrounding
contaminated soils [3, 4], and these dust make a
significant contribution to metal pollution in the
urban environment. The components and quantity
of street dust are also potential pollution indicators
for urban environment [5]. Because of a lack of
bioavailability, biodegradability and persistence,
heavy metals could accumulate and be enriched in
urban environment. A previous study found that the
contamination contents (e.g., heavy metals and
other toxic trace elements) of road/street dusts are
generally higher than those in other media (e.g.
soils) [6]. Moreover, heavy metals in street dusts
could easily enter human bodies through dust
ingestion, inhalation and dermal contact under
dynamic conditions such as wind, traffic and other
human activities.
Elevated levels of heavy metals are ubiquitous
in urban settings as the result of a wide range of
human activities, especially from industrial sources
[7]
. As a consequence, adverse effects on human
health may occur in urban environments,
particularly in metropolitan cities where

ABSTRACT
To examine the status and risk of heavy metal
pollution in street dust in Chengdu City, the
distribution of several heavy metals (e.g., Cu, Pb,
Zn, Mn, Co, Ni, Cr and Cd) in Chengdu City, was
investigated. The results showed that contents of Cu,
Pb, Zn, Mn, Ni, Cr and Cd in samples were nearly
all higher compared to other cities except Shanghai,
Hong Kong, Taibei, Baoji, Zhenjiang, Zhuzhou,
Daye, Jiaxing and Huludao. Concentrations of Co
in street dusts were all lower compared to other
cities. Compared with background values of
Chengdu and Chinese soils, the heavy metal
contents of street dust were all much higher except
Co. The heavy metals (Cu, Mn, Co, Ni, Cr, and Cd)
were nearly found to be present mainly in the
residual fraction at all monitored sites except Cu in
TD. Cu and Mn were in a low bioavailability, and
Pb, Zn was found to be biologically active almost in
every site according to the modified Community
Bureau of Reference (BCR) sequential extraction
procedure. Meanwhile, Risk Assessment Code
(RAC) was used to evaluate release risk of heavy
metals, which revealed that Cu, Pb and Cr had low
risk to the environment, while the release risk of Zn,
Mn, Co, Ni, and Cd was medium or high in all
monitored sites.

KEYWORDS:
Street dust; Heavy Metals fractions; Chengdu City.

INTRODUCTION
The rapid increase of impervious land in the
city changes surface accumulation and the flush law
RI SROOXWDQWV DQG OHDGV WR WKH ³VRXUFH´ ³SURFHVV´
DQG ³VLQN´ RI WKH QRQSRLQW VRXUFH SROOXWLRQ
changed [1]. As an important carrier of pollutants,
street dust is one of the typical nonpoint source
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FIGURE 1
Location sketch of sampling sites.
Geomorphologically, it is high to the northwest and
low to the southeast, not far from the western slopes
of the Longmen Mountains. With a typical
continental monsoon climate of northern temperate
zone, there are four distinct seasons in Chengdu.
The average temperature ranges from 5 °C in winter
to 26 °C in summer. The average annual
precipitation is 918 mm. Rainfall mainly
concentrated from July to August. The least rainfall
concentrated from December to March. In the
present study, street dust samples were collected
from various areas with different land uses
(educational district, commercial district, scenic
parks, traffic pivotal district, industrial district,
residential district, and peri-urban district).

urbanization, industrialization and rapid population
growth have been taking place on an unprecedented
scale. Although numerous studies on heavy metal
contamination of street dusts have been performed
in developed countries [8-10], only limited
information is available for developing countries,
especially for China. Over the last three decades,
urbanization and industrialization have taken place
at an unprecedented pace in China. Urban
environmental pollution has become a very
important issue for environmental researchers [11].
Chengdu, one of the most crowded cities in the
world, has experienced a rapid urbanization and
industrialization in the last decades. The rapid
growth of industry, population and vehicle exerts a
heavy pressure on its urban environment. The
objectives of the present study were as follows: (1)
to determine the current status of heavy metals
concentrations and spatial patterns in urban street
dusts collected from different functional areas in
Chengdu; (2) to compare heavy metal
concentrations in the street dusts of Chengdu with
those in other cities; (3) to evaluate and assess
heavy metals pollution in street dusts.

Sampling and analytical procedures.
Although there was no strict functional
classification in urban areas in Chengdu, forty-two
samples were collected at different districts with
different land use: Xihua university and Southwest
Jiaotong
University
(educational
district,
abbreviation as ED, S1-S6), Chunxi road and
Babaoroad commercial center district (commercial
district, abbreviation as CD, S7-S12), Du Fu
Thatched Cottage and Temple of Marquis scenic
districts (scenic parks, abbreviation as SP, S13-S18),
Chengdu north railway station and Xinnanmen bus
station (traffic pivotal district, abbreviation as TD,
S19-S24), Pixian county modern industrial port of
destination and Shuangliu airport industrial park
(industrial district, abbreviation as ID, S25-S30),

MATERIALS AND METHODS
Study area. &KHQJGX ƍ-ƍ1
ƍ-ƍ( WKHFDSLWDORI6LFKXDQSURYLQFH
is located in the southwest of China.

1570

© by PSP

Volume 26 ± No. 2a/2017, pages 1569-1578

Fresenius Environmental Bulletin

TABLE 1
A comparison of the contents of heavy metals (mg/kg) in street dusts in Chengdu and other cities from
China (Chengdu B=background values in soil of Chengdu; China B= background values in soil of China)
City

Cu

Pb

Zn

Mn

Co

Ni

Cr

Cd

References

Beijing
Shanghai
Tianjin
Chongqing
Hong Kong
Taibei
Xinzhu
;L¶DQ
Baoji
Tongchuan
Xianyang
Nanjing
Zhenjiang
Changsha
Loudi
Zhuzhou
Daye
Hangzhou
Jiaxing
Shenyang
Huludao
Urumqi
Baoding
Guiyang
Kunming
Luoyang
Hefei
Wuhu
Suzhou
Guangzhou
Changchun
Wuhan
Chengdu
Chengdu B
China B

69.9
197
113
79.38
534
262.1
123
94.98
123.2
32.6
132.17
141
158
43.9
141
139
1610
116.04
1526
81.33
264.4
94.54
177
129.4
168.8
240.94
67.5
162.78
29.04
176
37.8
62
246.47
28.4
22.6

105
295
63.3
75.62
240
234.8
263
230.52
433.2
134.7
77.3
119
589
66.58
228
956
363
202.16
1721
106.26
533.2
53.53
279
67.42
97.49
176.04
132.15
95.21
50.83
240
69.1
103
329.89
23.1
26

223
734
169.67
4024
217.7
503
421.46
715.3
141.8
375.38
585
686
214.92
583
2379
321.4
319
334.47
5271
294.47
416
182.13
316.53
1019.75
2332.96
257.7
210.04
586
169
224
511.16
79.7
74.2

552
904
639
500
687
804.2
369.1
604.36
602
-

9.4
12.1
10.2
15.9
34
11.5
13
20
10.97
13.04
13
9.57
12.8
12.7

25.2
84
40.58
22.17
320.2
130
48.8
25.3
69.54
115
125
80.66
49
40
25.88
90.2
43.28
58.51
21.47
24.73
40.67
23
23.1
28
80.55
27.3
26.9

84.7
159
103
82.76
324
244.6
167.28
126.7
106.4
135.63
133
129
9.11
225
125
51
122.5
54.28
225
130.22
79.41
401.63
96.88
46.19
109.09
78.8
59.3
75.4
97.16
69.5
61

0.723
1.23
1.14
4.95
1.8
3.02
1.2
5
1.92
2.2
41.4
11
1.59
4.35
72.84
1.17
2.84
0.619

[17, 18]
[6, 18]
[19]
[20]
[18]
[21]
[22]
[5]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[7]
[44]
[45]
This study
[46]
[47]

510
926.6
677.14
481
620.26
271
583

2.33
4.531
5.85
2.41
0.325
2.50
0.16
0.097

pH of all the samples was taken in the ratio (w: v),
sample (1): distilled water (2.5) [12]. The organic
matters (OM) were measured by Kjeldahl and
potassium dichromate-external heating method,
separately [13].

Shahepu residential district and A loop section of
East residential district (residential district,
abbreviation as RD, S31-S36), and Sandaoyan town
and Youai town (peri-urban district, abbreviation as
PD, S37-S42) . Forty-two samples were collected
on pavements next to roads at periods when no rain
had occurred during the previous week in Chengdu.
At every sampling site, more than 300 g of street
dust composite sample was collected by sweeping
using polyethylene brush and tray from three to five
points of road/pavement edges within the scope of
10-20m2. All the samples were stored in the sealed
polyethylene bags, labeled and then transported to
the laboratory. The samples were air-dried in the
laboratory for 2 weeks. Dried samples were grinded
by a porcelain mill and then passed through a
100-mesh sieve before analyzing. Detailed
locations of sampling sites are shown in Fig.1. The

Heavy
Metals
fractions.
Sequential
extraction was performed using a three-stage
modified procedure recommended by BCR which
has been used for several studies [14-16]. The analysis
of residual fractions was added as step four.
Step one: acid soluble/exchangeable fraction
(F1, exchangeable metal and carbonate-associated
fractions). Acetic acid (20 ml of 0.11 M solution)
was added to 0.5 g of dust samples in 50 ml
polyethylene centrifuge tubes, and mechanically
shaken for 16 h at room temperature. The extracts
were then separated from the residues by
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concentrations of street dust in this study with other
cities in China. Contents of Cu, Pb, Zn, Mn, Ni, Cr
and Cd in samples from Chengdu were nearly all
higher compared to the mean value of Cu, Pb, Zn,
Mn, Ni, Cr and Cd in other cities except Shanghai,
Hong Kong, Taibei, Baoji, Zhenjiang, Zhuzhou,
Daye, Jiaxing and Huludao. This may be because
these cities have a higher level of industrialization
than Chengdu or urbanization and traffic density of
these cities is larger than Chengdu. Concentrations
of Co of street dusts from Chengdu were all lower
compared to the mean value of Co in urban road
dusts in other cities. Compared with background
values of Chengdu and Chinese soils, the heavy
metal contents (e.g., contents of Cu, Pb, Zn, Mn, Ni,
Cr and Cd) of street dust in Chengdu were all much
higher except Co. The values of heavy metal
contents in street dusts divided by the
corresponding background values in soil of
Chengdu
decreased
in
the
order
of
Pb>Cu>Zn>Cd>Ni>Mn>Cr>Co in ED and RD,
Pb>Cu>Zn>Cd>Mn>Ni>Cr>Co in CD and PD,
Pb>Cu>Cd>Zn>Mn>Ni>Cr>Co in CD in SP,
Cd>Pb>Cu> Zn>Ni>Mn>Cr>Co in TD and ID,
among which the values of Cu were 4.72-15.60
times higher than the background values, the values
of Pb were 7.15-28.28 times, the values of Zn were
4.19-10.54 times, the values of Mn were 1.54-3.51
times, the values of Ni were 1.32-6.49 times, the
values of Cd were 3.42-42.98 times. In contrast,
contents of Cr and Co in this study were
approximately the same as their background values,
which indicates that Cr and Co may had mainly a
natural source, while the other elements may come
mainly from human sources[5].

centrifuging for 20 min at 4000 rpm. Subsequently,
the supernatant was decanted and the residues
rinsed with 10 ml of deionized water by shaking for
15 min and then centrifuged.
Step two: reducible fraction (F2, fraction
associated with Fe and Mn oxides). Hydroxyl
ammonium chloride (20 ml of 0.1 M solution,
adjusted to pH 2.0 with nitric acid) was added to
residues from Step 1, and re-suspended by
mechanical shaking for 16 h at room temperature.
The separation of the extract, collection of the
supernatant, and rinsing of residues were the same
as described in Step 1.
Step three: oxidizable fraction (F3, fraction
bound to organic matter). H 2O2 (5 ml of 8.8 M
H2O2 solution, pH 2.0±3.0) was added drop by drop
to the residues from Step 2. The tubes were covered
and the contents digested for 1 h at room
temperature. The contents were then heated on a hot
plate at 85 °C for 1 h and evaporated to near
dryness. Step 3 was performed twice. Finally,
ammonium acetate (25 ml of 1 M solution, adjusted
to pH 2.0 with nitric acid) was added to the cool
residues, and the extraction procedure was
performed as described in Step 1.
Step four: residual fraction (R). The residue
from Step 3 was treated by the procedure used for
determination of the pseudo-total trace elements
contents by aqua regia digestion (5 ml of a mixture
of 12 M HCl and 15.8 M HNO3 in a 3:1 ratio) and 1
ml HF. The contents were heated on a hot plate at
85 °C for 2 h and evaporated to near dryness. After
cooling, the residues were dissolved in 5% HNO3.

RESULTS AND DISCUSSION
Fractions of heavy metals in street dust
from Chengdu City. The fractions of exchangeable
metals were held by the electrostatic adsorption as
well as those specially adsorbed. Acid-extractable
fractions were also called carbonates fractions. Both
acid-extractable and exchangeable fractions were
considered to be introduced E\ PDQ¶V DFWLYLW\ DQG
rapidly bioavailable. The oxidizable fractions and
reducible fractions have a scavenging effect and
may provide a sink for heavy metals [48]. The
release of the metals from this matrix will most
likely be affected by the redox potential and pH [49].
Metals found in the residual fraction were expected
to be chemically stable and biologically inactive.
Fig.3 showed that Cu, Mn, Co, Ni, Cr and Cd
were nearly found to be present mainly in the
residual fraction at all monitored sites except Cu in
TD. Cu was found to be present mainly in the
oxidizable fraction fraction in TD. These results
were similar to Baoji, Beijing, Nanjing, Hangzhou,
Yongchuan, Shiraz, Kayseri and Honolulu [14-16, 32,
50-53]
.

Total concentration of heavy metals in
street dust from different districts with different
land use. The total heavy metal concentrations and
their contents in street dust from different districts
with different land use of Chengdu City are
presented in Fig. 2. Contents of Cu, Pb, Zn, Mn, Co,
Ni, Cr and Cd were 31.04-1164.30 mg/kg,
62.70-1420.75 mg/kg, 207.99-1763.07 mg/kg,
313.55-2347.05
mg/kg,
2.59-34.85
mg/kg,
28.59-510.38 mg/kg, 23.47-435.92 mg/kg and
0.18-18.02 mg/kg in street dusts from Chengdu
City in studied, respectively. The highest levels of
Cu, Pb, Zn, Ni and Cr were observed in street dust
from TD, and the highest levels of Mn, Co and Cd
were found in the samples from the ID. The lowest
levels of Cu, Pb, Zn, Mn, Co, Ni, Cr and Cd were
observed in street dust from PD, low production
and traffic intensity in this area may lead to
relatively lower contents of Cu, Pb, Zn, Mn, Co, Ni,
Cr and Cd. Table 1 compared heavy metal
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FIGURE 2
Contents of heavy metals in the street dust from different districts with different
land use of Chengdu City (mg/kg)
residual form (e.g., 42.4, 41.8, 49.9, 53.6 70.2 and
67.2%), while reducible form was the main
constituent component of Pb concentration, and
acid soluble/exchangeable fraction, residual fraction
for Zn. In TD, residual form was the main species
of Pb, Mn, Co, Ni, Cr and Cd (e.g., 38.0, 45.3, 48.1,
56.0 67.7 and 72.2%), while Cu was found mostly
oxidizable, and Zn was found mostly acid
soluble/exchangeable and residual. For ID, Cu, Mn,
Co, Ni, Cr and Cd was found to be present mainly
in the residual fraction (48.6, 44.1, 45.0, 48.3, 70.7,
69.7%), while Pb was mainly present in oxidizable
form (45.4%), and Zn was found mostly acid
soluble/exchangeable (35.6%). For RD, large
amounts of Cu, Mn, Co, Ni, Cr and Cd were
obtained in the residual fractions (47.7, 49.1, 49.7,

Although concentrations of Cu and Mn were
relatively higher, their biological toxicity was low,
especially for Mn. In ED, Cu, Mn, Co, Ni, Cr and
Cd were found in the residua, representing 45.9,
45.1, 49.5, 53, 69.9 and 61.4%, respectively, while
large amounts of Pb were obtained in the reducible
fractions (e.g., 45.2%). Meanwhile, the oxidizable
fraction of Zn also exceeded 25%. In CD, the
largest fractions of Mn, Co, Ni, Cr, and Cd were
residual forms (e.g., 40.8, 51.3, 57.3, 62.2 and
59.9%), while oxidizable fraction was the main
form for Cu, reducible fraction for Pb, and the
values of acid soluble/exchangeable fraction,
reducible fraction, oxidizable fraction and residual
fraction for Zn were nearly same. In SP, the
majority of Cu, Mn, Co, Ni, Cr and Cd were in
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FIGURE 3
The proportion of heavy metal forms in the street dust of different land-use types
using modified BCR method
53.2, 65.1, 68.0%), and Pb in reducible fraction
(40.1%), Zn in acid soluble/exchangeable (30.8%).
For PD, the residual fraction was the main form in
Cu, Mn, Co, Ni, Cr and Cd (41.5, 43.7, 51.6, 52.2,
66.5, 59.2%). In addition, the highest concentration
of Pb was found in reducible fraction (39.0%), and
Zn was found in the acid-extractable/exchangeable
fraction (e.g., 29.0%).

exchangeable/acid-extractable fractions would be at
medium risk to the environment. Furthermore, the
sedimentary metals with these fractions at more
than 50% would be considered as a high level risk
(Table 2) [55].
TABLE 2
Risk assessment code
Risk

Metal in exchangeable/
acid-extractable fractions(%)

Risk assessment of heavy metals release.
Risk Assessment Code (RAC) was used to evaluate
release risk of heavy metals in street dust in
Chengdu City. According to the RAC, the metals in
the dust were bound with different strengths to the
fractions [16, 52, 54]. For any metal, dust with 11-30%

No risk

<1

Low risk

1-10

Medium risk

11-30

High risk

31-50

Very high risk

>50
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TABLE 3
Results of risk assessment of heavy metal release
Study area

Cu

Pb

Zn

Mn

Co

Ni

Cr

Cd

ED

Low

Low

Medium

Medium

Medium

Medium

Low

Medium

CD

Low

Low

Medium

Medium

Medium

Medium

Low

Medium

SP

Low

Low

Medium

Medium

Low

Low

Low

Medium

TD

Low

Medium

Medium

Medium

Medium

Medium

Low

Medium

ID

Low

Low

Medium

Medium

Medium

Medium

Low

Medium

RD

Low

Low

High

Medium

Medium

Low

Low

Medium

PD

Low

Low

Medium

Medium

Medium

Medium

Low

Medium

The results of risk assessment are shown in
Table 3. The percentages of metals in the
exchangeable/ acidextractable forms for the street
dust samples indicated that all the study sites
exhibited almost the same percentage values for a
certain metal. The fractions of Cu, Pb and Cr below
10% posed a low risk to the environment (except
Pb in TD site). Fractions of Zn in dust samples
from RD were at a level of more than 30% (30.8%),
and the RAC was classified as high. The authors
found that 11-30% exchangeable/acid-extractable
Zn, Mn, Co, Ni and Cd fractions placed all these
sites in the medium risk category (except Zn in RD,
Co in SP, and Ni in SP and RD ). In ED and TD,
the results found by Li et al [16] were similar to our
conclusion. In CD and ID They were not nearly
completely consistent with our conclusion [16]. This
study was similar to Chongqing, but different from
Murcia (Spain) [52, 54].
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inductively coupled plasma atomic electron
spectrometry (ICP/AES), inductively coupled
plasma mass spectrometry (ICP/MS), atomic
absorption spectroscopy (AAS) [5], voltammetric
determination [6] or wet chemical methods are used
to analyse heavy metals. In addition to the benefits,
such as high sensitivity, selectivity, reliability, and
accuracy, there exist disadvantages like equipped
devices for use outside the laboratory, skilled
personal, difficulty in collecting samples,
pretreatment (pre-concentration), and measurement
for a long time [7].
For the analysis of heavy metals, based on their
inhibiting activity towards enzymes, a variety of
biosensors has been developed. In 2006, a
conductometric biosensor electrode based on urease
immobilization by a thick film was studied. The
biosensor could be used to determine heavy metal
ions in liquid samples. The amount of inhibition
among the metals is found to be as follows: cadmium
> copper >lead [8]. In the study of Prakash et al.,
(2008) [9], enzyme urease was extracted from
pumpkin seeds and was used for the quantitative
estimation of heavy metal ions. Based on the values
of inhibition constant Ki, it was found that the heavy
metal ions inhibit urease as follows: Hg2+ > Cu2+ >
Cd2+ > Co2+. Berezhetskyy et al., (2008) [10] used
alkaline phosphatase conductometric biosensors
gold electrodes based on enzyme membranes for
conducting the assessment of heavy metal ions in
water. These analytes acted as enzyme inhibitors.
The toxicity of the various metals tested toward
immobilized phosphatase was indicated as follows:
Cd2+ >Co2+ >Zn2+ >Ni2+ >Pb2+. In 2013, a study
discovered that AChE from Pangasius sp. is
sensitive to the heavy metals such as mercury,
copper, silver and chromium, and this enzyme used
to detect heavy metals [11].
A few works based acid phosphatase
biosensors studied the analysis of heavy metals. A
fluorescence biosensor, based on acid phosphatase,
has been developed, with the range of toxicity of the

ABSTRACT
Preparation of immobilized enzyme carriers
and their applications are a favourite branch of
nanotechnology nowadays. Chitosan nanoparticles
thin films (CSNPs-TFs) are applied as suitable
supports for acid phosphatase immobilization to
estimate heavy metals in water studied with UV-Vis
spectrophotometric method, based on their
inhibiting enzyme activity. According to the results,
immobilization of acid phosphatase onto chitosan
nanoparticles thin films, as compared with chitosan
macro- and micro-particles, has improved the
activity and performance of the enzyme. Under
optimal conditions, the detection limits of biosensor
towards Pb(II) and Cr(II) were respectively 2.75 and
2.03 mg/L. The reproducibility of the proposed
biosensor was six-fold. The biosensor response was
stable for at least three weeks. Compared to the
commercial enzyme, the fresh natural biosensor
presented better performance in metal evaluation.
The biosensor-based acid phosphatase, immobilized
on CSNPs-TFs, evaluated heavy metals with a rapid,
cheap and easy method, compared with other
reported heavy metal assays, and fresh natural
enzyme had better activity towards the detection of
heavy metal in water.

KEYWORDS:
Acid Phosphatase; Biosensor; Chitosan nanoparticles;
Heavy metals; Immobilization; Thin film

INTRODUCTION
One of the most toxic materials in the
environment is heavy metal ions. Industrial
processes widely distributed toxic metal compounds
in the environment [1]. As the heavy metals pose
potential risks to human health and ecology, heavy
metal ions must be determined rapidly on site at
trace levels [2-4]. The traditional methods including
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then removed and dried on a glass plate. Finally, a
strong and flexible CSNPs-TFs was obtained, free of
shrinkage. The chitosan membrane requires
crosslinking to prevent dissolution in the dilute
acetic acid solution. The chitosan film blocks are
soaked in 1×10-2M epichlorohydrin solution,
containing 0.067M NaOH (pH 10) for 2 h at 50°C.
Then, the film blocks was taken out of the solution
and rinsed with double-distilled water until neutral
condition [16]. The obtained thin films were similar
in thickness (1×1 cm) and weight (3±0.1 mg).
A scanning electron microscope (EM3200,
KYKY) at a voltage of 26.0 kV was used to study
the surface morphology. The sample surfaces were
gold coated before analysis. The thickness of thin
films was measured by this method.
The CSNPs-TFs (3mg) was mixed with
various concentrations of acid phosphatase (100±
1000 μl, 0.1 mg/ml) for 24 h at 4°C. After washing
with acetate buffer three times, the immobilized film
blocks were stored in acetate buffer (pH 5.5). The
immobilization of acid phosphatase was
investigated as a function of the enzyme¶V WRWDO
activity. The formula for calculating percentage
immobilization was:

various metals towards immobilized phosphatase as
follows: Hg2+ >Cu2+ > Cr2+ [12].
A number of individual measurements at
different times were required for monitoring by a
cheap, simple and portable method. So, sensors
could be worked inexpensively in such cases. The
present work aimed to develop an acid phosphatasebased biosensor, which detects heavy metal ions in
aqueous samples. This paper showed that chitosan
nanoparticles thin films are a suitable support for
enzyme immobilization. First, we described the
preparation of CSNPs-TFs and then immobilization
of acid phosphatase enzyme from Phaseolus
vulgaris and commercial enzyme from potato on
CSNPs-TFs. Enzyme activity, storage stability,
reusability and the examination of heavy metals by
the natural and commercial enzyme were also
investigated in this study.

MATERIALS AND METHODS
Materials. Phaseolus vulgaris seeds were
obtained from the local market. Acid phosphatase
(EC 3.1.3.2, from potato), chitosan (Medium
molecular
weight),
epichlorohydrin
and
tripolyphosphate (TPP) were purchased from Sigma
Chemicals Co. All other chemicals were chemicalgrade.

்௧௧௩௧௬௭ௗ௭௬

%Immobilization=(

்௧௧௩௧௬௦௨௭௬

)×100

(1)

Activity assay of free and immobilized acid
phosphatase. In order to assay the activity of
phosphatase in enzyme immobilization, film blocks
were added to the reaction mixture containing pnitrophenylphosphate (5mM) as substrate and 0.1 M
of assay buffer (0.1 M sodium acetate buffer, pH
5.5). The reaction mixture was incubated for 15 min
at 37°C and then, film blocks were removed and 1
M of NaOH solution (1 ml) was added as stopper of
the reaction. Absorbance was taken at 405 nm for
liberated p-nitrophenol. Film sample was changed
with the desired amount of soluble enzyme for free
enzyme assay.

Methods. Enzyme extraction. Anand and
Srivastava¶V method was used to extract acid
phosphatase from Phaseolus vulgaris seeds [13].
Phaseolus vulgaris seeds were rinsed with doubledistilled water and kept overnight at room
temperature in 0.1 M sodium acetate buffer (pH 5.5).
By a pre-chilled mortar and pestle, the soaked seeds
(30 g) were ground in 0.1 M sodium acetate buffer
(pH 5.5). The four layers of cheesecloth were used
to filter the homogenate, followed by centrifugation
at 22,000 g for 35 min. The final crude extract was
stored at 4°C.

Heavy metals examination. To measure the
AP-CNPs-TFs capacity in determination of heavy
metals, Cr(II) and Pb(II) stock solutions (100 mg/L)
were
prepared.
The
optimal
conditions,
reproducibility and long-term stability and biosensor
response towards single and combined metals were
LQYHVWLJDWHG 0HWDOV VROXWLRQV  ȝ/  DW
concentrations of 1-30 mg/L were added. The
measurements of the enzyme activity were
performed by a spectrophotometer at 405 nm. Also,
a comparison study between capacity of natural and
commercial acid phosphatase was presented. The
results were checked by an atomic absorption
spectroscopy.

Preparation of the Biosensor. In order to
prepare CSNPs-TFs, a 0.5 % (w/v) chitosan solution
was prepared in 1 % glacial acetic acid in accordance
with earlier reports [14,15]. A TPP solution (0.25%,
w/v) was slowly dropped (10 ml/min) into chitosan
solution and stirred mechanically (1200 rpm/min)
for 20 min. This solution was poured onto a glass
plate (1×1 cm) in order to evaporate the liquid. After
this drying phase, a 5% (w/v) aqueous NaOH
solution was poured onto the formed chitosan film
and kept for 10 min. Double-distilled water was used
to neutralize the film. In order to prevent shrinkage
of the film during drying, the film was immersed in
a 20% (v/v) aqueous glycerol solution (softening
agent) for 30 min. Its excess glycerol solution was

1580



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 2a/2017, pages 1579-1584

Fresenius Environmental Bulletin

FIGURE 1
SEM micrographs of CS-NPs thin film before
thickness of the films was around 51μm and the
chitosan nanoparticles can be observed with an
average size of 56 nm (Figure 1).
Immobilization of acid phosphatase on
CSNPs-TFs. Plots of % immobilization versus
enzyme concentration, reaction time and pH are
shown in Figure 2. The immobilization of the
enzyme on the films reached a plateau value at an
enzyme concentration of 400 μl (0.1 mg/ml) and 200
μl (0.1 mg/ml) for natural and commercial enzyme,
respectively, within 2 h. The maximum
immobilization was observed at pH 5.5. The 84.12%
and 87.34% of natural and commercial acid
phosphatase were respectively immobilized at
optimal conditions by CSNPs-TFs.
Srivastava and Anand (2014) [16] described
the immobilization of acid phosphatase isolated
from Vigna aconitifolia seeds onto glutaraldehyde
activated chitosan beads. The maximum
immobilization yield of glutaraldehyde activated
chitosan beads was 83%. The optimum activity of
immobilized enzyme has shown at pH 7.0. Zu, et al.,
[17]
investigated
the
acid
phosphatase
immobilization on layered double hydroxides of
uncalcined- and calcined-Mg/Al-CO3 (Unc-LDHCO3, C-LDH-CO3). The optimal immobilization of
the acid phosphatase was observed at an enzyme
concentration of 250 μg/ml within 2 h, at pH 5.5.
The immobilization (%) of acid phosphatase on the
Unc-LDH-CO3, C-LDH-CO3 was 59% and 73%,
respectively.
Optimization of Experimental Conditions
for heavy metals examination. Table 1 shows the
effects of enzyme loading, support concentration
and solution pH on biosensor detection. Due to the
increased speed of reaction and immobilized
enzyme, with increasing enzyme loading from 200
to 800 μL, the biosensor response increased.
Therefore, in further evaluation, the optimal enzyme
loading was 400 μL. In support concentration part,
the use of a higher number of films has the same
effect. By using more film blocks, the sensitivity of
the sensor system is the

FIGURE 2
Immobilization of natural and commercial acid
phosphatase on CS-NPs Films under different
condition of Enzyme Concentrations (a),
reaction time (b), pH (c)

RESULTS AND DISCUSSION
Characterization of CS-NPs-TFs. Scanning
electron microscope was applied in order to
determine the characteristics of the CSNPs-TFs. The
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TABLE 1
The biosensor response (%) towards enzyme loading, support concentration, and solution pH
Enzyme
type
Natural
Commer
cial

Metals

Enzyme Loading (μL)
400
600
800

Support Concentration (1=3mg)
1
2
3
4

200

Pb (II)

94.23

98.91

99.06

99.38

98.95

99.78

99.85

99.91

98.12

97.89

99.73

Cr (II)

92.72

97.69

98.95

99.63

97.81

99.18

99.43

99.91

98.59

97.10

98.72

Pb (II)

94.01

98.35

98.83

98.97

98.46

99.61

99.90

99.95

98.04

97.15

99.59

Cr (II)

93.67

98.04

98.71

98.95

98.10

99.09

99.54

99.62

98.11

97.56

98.48

[10,12]. Most of the other methods require high
concentrations with long response time. Therefore,
the biosensor based on immobilized acid
phosphatase evaluates heavy metal with a rapid,
cheap and easy method, compared with other
reported heavy metal assays and fresh natural
enzyme had better activity towards the detection of
heavy metal.

same as the optimal level is reached at the first step.
The effects of pH on the biosensor by using a
solution of chromium and lead were analyzed at
different pH. As the solution pH was increased from
3 to 7, because of the reaction between the functional
group film block and metal ions under acidic
conditions (7 > pH) and the formation of a complex
metal hydroxide, the biosensor response increased
[18]. Also, in alkaline conditions with pH >7, the
biosensor response was more sensitive.

TABLE 2
The biosensor response for the detection of
various single metals

Reproducibility and Long Term Stability
studies. Biosensor reproducibility was six-fold. The
enzyme is immobilized on a thin film support to
protect against extreme pH and temperature
variations; hence the reproducibility of the biosensor
was satisfactory. Long-term stability of the enzyme
has been shown in Figure 3. Biosensors remained
stable for the first 20 days and then slowly
decreased. To 90th day, as a natural product, ~ 50%
of initial immobilized enzyme becomes inactive and
so, the response is lost.

Enzyme
type

Metals

Natural

Pb+2
Cr+2
Pb+2
Cr+2

Commercial

Linear
range
(mg/L)
4.01-25.33
3.80-22.26
4.25-21.06
4.33-20.26

LOD
(mg/L)
2.75
2.03
3.05
2.9

Biosensor Response towards Combined
Metals. In this section, the inhibiting effect of
various toxic mixtures towards the response of
natural and commercial enzymes was studied.
Competitive reactions between the different heavy
metal ions for the active site of the enzyme led to
hostile response [18]. Compared to a metal, enzyme
inhibiting effect in competition between several
metals is reduced. In any case, the mixture of heavy
metal ions demonstrates additive effect on the
biosensor response.

CONCLUSION

FIGURE 3
Storage stability of free and nanochitosan films
immobilized Acid phosphatase

In this study, a biosensor based on acid
phosphatase/chitosan nanoparticles thin films was
developed for the detection of single and combined
heavy metals. This work was a simple and easy
method, based on inhibition for monitoring heavy
metals in aqueous samples. When compared to the
commercial enzyme, the fresh natural biosensor
presented better performance in metal evaluation.
The biosensor based acid phosphatase immobilized
on CSNPs-TFs evaluated heavy metals with a rapid,
cheap and easy method, compared with other
reported heavy metal assays, and fresh natural

Biosensor Response towards Various
Concentrations of Single Metals. Table 2 shows
the biosensor response towards the various metals.
The sensitivity of the biosensor are as follows: Pb(II)
> Cr(II). The detection limit was 2.75, 2.03 and 3.05,
2.9 for natural and commercial enzyme,
respectively. Based on Table 2, compared with other
reported enzyme-based methods, the proposed acid
phosphatase/CSNPs-TFs biosensor for the detection
of Pb(II), and Cr(II) showed better performance
1582



3

Solution pH
7
10

(12ppm)

© by PSP

Volume 26 ± No. 2a/2017, pages 1579-1584

[10] Berezhetskyy, A.L., Sosovska, O.F., Durrieu,
C., Chovelon, J-M. Dzyadevych, S.V. and TranMinh, C. (2008) Alkaline phosphatase
conductometric biosensor for heavy-metal ions
determination. ITBM-RBM. 29: 136±140.
[11] Aidil, M.S., Sabullah, M.K., Halmi, M.I.E.,
Sulaiman, R., Shukor, M.S., Shukor, M.Y.,
Shaharuddin, N.A., Syed, M.A. and Syahir, A.
(2013) Assay for Heavy Metals using an
Inhibitive
Assay
Based
on
the
Acetylcholinesterase from Pangasius Hypophthalmus (Sauvage, 1878). Fresen. Environ.
Bull. 22: 3572±3576.
[12] Kulkarni, S.J., Joshi, K.S., Karve, M.S. and
Damle, KA. (2011) Development of
Fluorescence based Biosensor for Estimation of
Heavy Metal Ions. 2011 International
Conference on Bioscience, Biochemistry and
Bioinformatics. IPCBEE. 5 IACSIT Press,
Singapore, 2011.
[13] Anand, A. and Srivastava, PK. (2013) Isolation
and enzymatic properties of a nonspecific acid
phosphatase from Vigna aconitifolia seeds.
Biotechnol. Appl. Biochem. 61: 145-152.
[14] Qi, L., Xu, Z., Jiang, X., Hu, C. and Zou, X.
(2004) Preparation and antibacterial activity of
chitosan nanoparticles. Carbohydrate Research
339: 2693±2700.
[15] Cheung, W.H., Szeto, Y.S. and McKay, G.
(2009) Enhancing the adsorption capacities of
acid dyes by chitosan nano particles.
Bioresource Technology 100: 1143±1148.
[16] Srivastava, P.K. and Anand, A. (2014)
Immobilization of acid phosphatase from Vigna
aconitifolia seeds on chitosan beads and its
characterization. International Journal of
Biological Macromolecules 64:150± 154.
[17] Zhu, J., Huang, Q., Pigna, M. and Violante, A.
(2010) Immobilization of acid phosphatase on
uncalcined and calcined Mg/Al-CO3 layered
double hydroxides. Colloids and Surfaces B:
Biointerfaces 77: 166±173.
[18] Futra, D., Hen, L.Y., Ahmad, A., Surif, S. and
Ling, T.L. (2015) An Optical Biosensor from
Green Fluorescent Escherichia coli for the
Evaluation of Single and Combined Heavy
Metal Toxicities. Sensors 15: 12668-12681.

enzyme had better activity towards the detection of
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produces several overlapping generations. The females
lay eggs on leaves. After a couple of days larvae are
hatched that in feeding on young leaves cause the
formation of bean-like galls in which several larvae are
often found. On completing their development, they
pupate inside of galls, except for larvae of the last
generation, which pupate in litter. There D. gleditchiae
overwinters in the pupa stage.
In Serbia D. gleditchiae was first recorded in the
DUERUHWXP RI %HOJUDGH 8QLYHUVLW\¶V )DFXOW\ RI
Forestry (leg. A. Stojanovic). It was subsequently
found in other parts of Serbia as well. As a new
allochthonous species, it attracted attention of our
researchers, so that its biology in Serbia was very soon
investigated [2]. Unfortunately, its parasitoids in
Serbia were not then studied and have not been
investigated up to the present time. Since generally
speaking little is still known about them in Europe
[5,6], we here present data obtained in investigating the
parasitoids of D. gleditchiae in Belgrade.

ABSTRACT
Dasineura gleditchiae is a North American
species that was introduced into Europe in the mid1970s. There it spread rapidly and started to cause
damage by building galls on young leaves of honey
locust. Because its parasitoids in Europe have still been
very little studied, detailed investigations were carried
out in Belgrade during 2012 and 2013. Seven species
of parasitoids and a fairly low percentage of
parasitization were recorded in the course of those
investigations. Among the recorded species of
parasitoids, the species Aprostocetus diversus, A.
epicharmus and Torymus sp. stood out with respect to
their abundance and frequency of occurrence. In
relation to them, the other species of parasitoids were
rare and much less heavily present.

KEYWORDS: Dasineura
parasitism, Serbia

gleditchiae,

parasitoids,

MATERIAL AND METHOD
INTRODUCTION
Study of parasitoids and parasitization of D.
gleditchiae was carried out during 2012 and 2013 at
three localities in Belgrade: Banovo brdo
¶´1
¶´( 
%ORN

¶´1 ¶´(  DQG 7RVLQ EXQDU
¶´1 ¶´(  Ten honey locust
trees were selected at each locality. From branches of
these trees at a height of up to 2 m above the ground,
50 randomly selected leaves with galls of D.
gleditchiae were taken every 15 days from the end of
April to beginning of July. After the leaves were
brought into the laboratory, 50 randomly selected galls
with mature larvae and pupae of D. gleditchiae were
taken from them each time (not more than three galls
being taken from a single leaf). Those galls were
opened and all larvae and pupae in them were dissected
to determine the extent of their parisitization. In order
to obtain imagoes of the parasitoids of D. gleditchiae,

Accidentally
or
intentionally,
many
allochthonous species have been introduced into
Europe. Some of them did not find conditions
favourable for their development in the new
environment and disappeared very quickly. On the
other hand, many have multiplied and spread very
rapidly in Europe, and some have even started to cause
damage [1]. When speaking of such species in the
forests of Serbia, it is impossible to ignore the species
Dasineura gleditchiae. This is a monophagous North
American gall midge that was introduced into Europe
in the mid-1970s [2]. There it spread [3] and started to
cause damage by building galls on young leaves of
honey locust (Gleditsia triacanthos L.).
Dasineura gleditchiae appears only in spring,
from April to July. Its development lasts a short time
(about 20 to 30 days) [4], so that in this period it
1585
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diversus. It was registered in nearly half of the
collected samples (Table 1), and there was no locality
at which it was not found. In the majority of samples
from which it was obtained (76.9%), it was the
dominant species. The values of its dominance in those
samples most often were between 60.0 and 90.0%. In
three samples, it was the only parasitoid.
Apart from A. diversus, six more species of
parasitoids of D. gleditchiae were obtained in the
present investigations. As somewhat more frequently
occurring, only the species A. epicharmus and
Torymus sp. stood out among them. The remaining
species were rare, the majority being recorded in only
one sample (6.7%) each. However, it is interesting that
one of them (A. dauci) was the dominant species
(60.0%) in that one sample.

the remaining galls found on the collected leaves were
put in photoeclectors, which were then kept under field
conditions in an insectarium. The photoeclectors were
inspected daily during the period of emergence of
parasitoid imagoes. The parasitoid imagoes that
emerged were collected, killed with ether, prepared,
identified (by A. Stojanovic) and deposited in the
insect collection of the Department of Forest
Protection RI %HOJUDGH 8QLYHUVLW\¶V )DFXOW\ RI
Forestry.
Five samples were collected in the aboveindicated way from each of the localities mentioned
during each year of the investigation. The significance
of parasitoids obtained from them was determined on
the basis of:
1.
The number of localities in which a parasitoid
species was identified;
2.
The number of samples in which a parasitoid
species was identified; and
3.
Dominance (the ratio between the number of
adults of a parasitoid species and the total number of
parasitoids, in percentage).

Parasitism of D. gleditchiae. In the samples that
we collected for analysis of parasitization, we found a
total of 1197 larvae and 903 pupae of D. gleditchiae.
As already indicated, parasitoids of D. gleditchiae
were not found in a great number of them. In those in
which they were found, they were very lightly present.
For this reason, in the majority of samples collected
during these investigations (80.0% in 2012 and 66.6%
in 2013), the parasitization of D. gleditchiae was low,
from 0 to 5%. However, it is important to state that
there were samples in which the obtained values of
parasitism were considerably greater. Thus, the
parasitization of D. gleditchiae comprised 36.5% in the
sample collected at the Banovo brdo locality on 15
June 2012, 34.7% in the sample collected at the same
locality on 15 June 2013 and 34.7% in the sample
collected at the Tosin bunar locality on 15 June 2013.
In view of this, the impression is created that
parasitoids can sometimes locally exert considerable
influence on the abundance of D. gleditchiae.
Unfortunately, this did not happen often in the course
of the present investigations.

RESULTS
Parasite complex of D. gleditchiae. In the
samples collected in the course of these investigations,
parasitoids of D. gleditchiae were very lightly present.
They were not obtained at all from many of the
samples (from 46.7% in 2012 and from 33.3% in
2013). Thus, only 113 adult parasitoids of D.
gleditchiae were obtained throughout the entire study
(Table 1). The presence of seven species was
registered after their identification. This number
included four species from the family Eulophidae, two
from the family Pteromalidae and one from the family
Torymidae. The most frequently occurring and
abundant species among them was Aprostocetus

TABLE 1
Recorded species of parasitoids, their abundance and frequency of occurrence.
Species
Hymenoptera
Eulophidae
Aprostocetus dauci Graham, 1987
Aprostocetus diversus (Förster, 1841)
Aprostocetus epicharmus (Walker, 1839)
Baryscapus nigroviolaceus (Nees, 1834)
Pteromalidae
Mesopolobus diffinis (Walker, 1834)
Pteromalus sp.
Torymidae
Torymus sp.

Number of obtained imagoes
2012
2013

Frequency of occurrence in tested samples (%)
2012
2013

15
38
11
0

0
17
11
9

6.7
46.7
13.3
0.0

0.0
40.0
20.0
13.3

3
0

0
1

6.7
0.0

0.0
6.7

4

4

20.0

20.0
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black locust. Inasmuch as its parasitoids have also been
investigated in detail there [12], it would be interesting
to compare these two North American gall midges in
Belgrade and see how extensively they are parasitized
and what species of parasitoids are found on them.
With respect to the levels of their parasitization, the
differences are great. Obolodiplosis robiniae is a
species with a level of parasitization in Belgrade that
is fairly high. It was more than 41% in July of 2008. In
contrast to this, the level of parasitization of D.
gleditchiae in Belgrade is very low. During the present
study, it usually varied between 0 and 5%. This light
parasitization of D. gleditchiae was caused by seven
species of autochthonous parasitoids. The species O.
robiniae has no autochthonous parasitoids in Belgrade.
As in other parts of Serbia, the only species of
parasitoid recorded on it in Belgrade is Platygaster
robiniae Buhl et Duso, 2007 (Hymenoptera,
Platygastridae), which is probably of North American
origin [13]. Thus, in comparing the North American
gall midges O. robiniae and D. gleditchiae in Belgrade
with respect to parasitization, origin of parasitoids and
their abundance, it is readily evident that significant
differences exist between them.

DISCUSSION
The abundance of allochthonous species of
insects in Europe is influenced, among other things, by
autochthonous parasitoids. In some species that
influence is not great because in the new environment
they do not have parasitoids or the number of
parasitoids is small [7]. However, there are also
allochthonous species whose abundance in Europe is
in great measure determined by autochthonous
parasitoids, inasmuch as they became suitable hosts for
development of the latter [8, 9].
Dasineura gleditchiae is a North American
species on which seven species of parasitoids were
recorded in Belgrade in the course of the present
investigations. All of them are polyphagous primary
(B. nigroviolaceus can also be secondary) endo- and
ecto-parasitoids of the larvae and pupae of D.
gleditchiae and other gall midges as well. Some of
them also parasitize leaf miners and gall wasps[10].
Among them are species (A. dauci, A. diversus, M.
diffinus) that prior to the present study were not known
as parasitoids of D. gleditchiae[5, 6]. With respect to
its abundance and frequency of occurrence, A. diversus
stood out among the afore-mentioned species,
although the species A. epicharmus and Torymus sp.
were also somewhat more frequently occurring and
abundant in relation to the other species of parasitoids.
The remaining parasitoid species were comparatively
rare and were recorded in only one or two samples
each. It is interesting to note that prior to the present
investigations, the species A. dauci, A. diversus, A.
epicharmus and M. diffinus were not known at all in
Serbia [10].
The level of parasitization of D. gleditchiae in
Belgrade during 2012 and 2013 was low. In both years
parasitoids were not obtained at all in a great number
of samples, and they were very lightly present in most
of those samples where they were obtained. It is
possible that the low level of parasitization was caused
by the strong drought to which Belgrade was exposed
in 2012 and 2013. For this reason, the results of our
analysis of the parasitization of D. gleditchiae need to
be confirmed in years not characterized by drought.
But because all years since 2012 have been dry ones in
Belgrade, it has not been possible to verify the
parasitization of D. gleditchiae in drought-free years.
The possibility exists that the level of parasitization of
D. gleditchiae in such years will be considerably
higher. Maybe even similar to the level of 26.6%
reported for Italy in 1989 [5].
In addition to D. gleditchiae, the North American
gall midge Obolodiplosis robiniae (Haldeman, 1847)
has also entered the forests of Serbia [11]. Like D.
gleditchiae, it has spread rapidly throughout Serbia and
started to cause damage by building galls on leaves of

CONCLUSIONS
Taking into account all that has been said above,
we are able to conclude that the allochthonous North
American species D. gleditchiae in Belgrade is host to
seven species of autochthonous polyphagic
parasitoids, which owing to low numbers and
frequency of occurrence unfortunately have no great
influence on its abundance.
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ABSTRACT
The aim of this study was to determine the
response of Lemna minor L. to 6, 16, and 60 mg.L-1
phosphate concentrations, which are resembled in
hypertrophic lake types, for 24, 48, 96, and 144
hours in laboratory conditions. Glutathione
reductase (GR; EC 1.8.1.7) and catalase (CAT; EC
1.11.1.6) activities, thiobarbituric acid reactive
substances (TBARS), total protein, chlorophyll a
and b, carotenoids, and total phenolics contents in
L. minor were determined spectrophotometrically in
different phosphate concentrations at different time
intervals. GR showed the maximum decrease at the
minimum phosphate concentration at 24th hour.
CAT also decreased at 24th, 48th, and 96th hours,
especially at high phosphate levels. TBARS
decreased at 6 mg.L-1 and 60 mg.L-1 phosphate
concentrations at 144th and 24th hours, respectively.
Total protein content decreased at 96th and 144th
hours, especially at the highest phosphate
concentration. Chlorophyll a decreased at 48th and
144th hours especially at the highest phosphate
level, whereas chlorophyll b content increased at
48th and 96th hours at the same concentrations. The
contents of phenolics and carotenoids were not
affected except for a decrease in carotenoids at 48th
hour. As a result, phosphate at its hypertrophic
levels lead to pronounced effects in L. minor.
KEYWORDS:
Lemna minor, Phosphate, Oxidative stress, Phenolic
compounds, Chlorophylls

INTRODUCTION
Lemna minor (duckweed) is an aquatic plant
that belongs to Lemnaceae family. It shows natural
distribution in many freshwater habitats worldwide
[1,2]. It can adapt to very large geographical and
climatic regions and can grow in different
conditions such as dirty, saline, and eutrophic water
bodies. Hence, it is an important plant for biological

treatment of polluted waters [3,4,5].
Phosphate (PO43-) is one of the main
compounds that are necessary for the growth and
reproduction of the plant, and always combines
with other chemicals. It is mostly available for
plants in its inorganic forms [6,7]. It plays
important roles in metabolic processes such as
energy transfer, signal transduction, biosynthesis of
macromolecules, photosynthesis, and respiration
[8,9]. It is well known that phosphate takes an
important role in eutrophication of freshwater
systems. According to OECD [10], regions that
contain phosphate less than 0.015 mg.L-1 are
defined as oligotrophic, regions that contain
phosphate between 0.015 ± 0.047 mg.L-1 as
mesotrophic, and regions that contain phosphate
between 0.047 ± 0.130 mg.L-1 as eutrophic.
Environmental stress situations including
abiotic stress can trigger formation of reactive
oxygen species (ROS) [11]. ROS are already
formed by normal intracellular processes and there
is a balance between ROS production and its
detoxification in the cells. When this balance
collapses and the formation of ROS increases
more than its detoxificants (antioxidants) in the
cells, the imbalance leads to oxidative stress
condition and ROS start to damage many
biomolecules such as membrane lipids, proteins,
and nucleic acids. Cells have defence mechanisms
against ROS damage and the first line of this
defence contains many enzymes such as CAT and
GR [12]. Some researchers have been reported that
antioxidant defence mechanisms can be triggered
by phosphate stress in terrestrial plant species
[11,13,14]; however, to best of our knowledge,
there is no literature related to the prooxidative
effect of phosphate supplementation in aquatic plant
species such as L. minor.
The purpose of the current study is to
determine the response of L. minor L. in different
phosphate concentrations that are resembled in
hypertrophic lake types. For this aim, L. minor
specimens were exposed to different phosphate
concentrations for 24, 48, 96, and 144 hours in
laboratory conditions. Chlorophyll a, chlorophyll b,
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carotenoids, phenolic compounds, thiobarbituric
acid reactive substances (TBARS), and protein
contents with antioxidant enzyme activities (GR
and CAT) were examined spectrophotometrically.

MATERIALS AND METHODS
Phosphate treatments. Lemna minor L.
specimens were collected from the water treatment
plants of Adiyaman Municipality, Adiyaman,
Turkey. They were washed in 3% HCI to remove
inorganic and organic substances. Samples were
placed in Hoagland¶V VROXWLRQ, which contains 6,
16, and 60 mg.L-1 phosphate. A control group that
FRQWDLQV RQO\ VWDQGDUG +RDJODQG¶V VROXWLRQ ZDV
also conducted. All samples were kept at 24±2oC
for 24, 48, 96, and 144 hours with a 12:12
light/dark cycle. Each treatment was triplicated.
Biochemical
analyses.
Photosynthetic
pigment contents were calculated based on the
study of Lichtenthaler and Wellburn [15]. Phenolic
compounds were determined by using Folin reagent
and calculated as standard gallic acid equivalence
[16].
For
antioxidant
enzymes
and
lipid
peroxidation analyses, samples were washed
immediately with homogenization buffer, dried,
weighed, and stored at -80°C. Phosphate buffer
(50 mM, pH 7.4) that contains 1.17% KCl was used
as homogenization buffer. Samples were
homogenized in this buffer (1/10 w/v) in an ice
bucket to minimize protein denaturation. The
homogenates were centrifuged at 10500 x g at +4°C
for 30 min. Supernatants were taken and
immediately used for antioxidant enzymes and lipid
peroxidation analyses.
Catalase activity was determined as a decrease
in absorbance of H2O2 at 37°C for 2.5 min [17]. The
reaction was initiated by adding the supernatant.
The degradation rate of H2O2 by CAT was
measured at 230 nm. Specific activity was
expressed as U/mg protein using the molar
extinction coefficient of 0.071 mM-1cm-1.
Glutathione reductase activity was assayed by
monitoring the oxidation rate of NADPH by GSSG
at 37°C and 340 nm [18]. The reaction solution
contained 100 mM of phosphate buffer (pH 8),
0.12 mM of NADPH, and 1 mM of GSSG.
Specific activity was expressed as U/mg protein
using molar extinction coefficient of 6.22 mM-1cm1
.
Thiobarbituric acid reactive substances are
indicators of lipid peroxidation.
To measure
TBARS, supernatants were mixed with 10%
trichloroacetic acid, vortexed, and then centrifuged
at 11000 x g for 10 min. After the addition of
thiobarbituric acid, samples were vortexed and held
in a water bath at 100°C for 10 min. Absorbances of
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the samples were measured at 535 nm and these
values were converted to TBARS concentration
using the standard graphic, which was prepared
ZLWK ¶¶-tetramethoxypropane [19]. TBARS
concentrations were expressed in nanograms per mg
of protein.
Total protein content was measured using the
Folin-phenol reagent according to Lowry et al. [20].
Absorbances were measured at 750 nm and
converted to concentrations using bovine serum
albumin as a standard. The concentrations were
expressed in mg in per mL of supernatant.
Statistical analyses. To determine the
differences between the means of photosynthetic
pigments and phenolic compounds, One-Way
ANOVA statistics was applied. Data were subjected
WR /HYHQH¶V KRPRJHQHLW\ RI YDULDQFH WHVW Duncan
post-hoc test was used for homogenous data while
7DPKDQH¶V 7 WHVW ZDV DSSOLHG IRU QRQhomogenous data. The level of significance was set
at P<0.05. For the results of antioxidant enzyme,
lipid peroxidation, and total protein analyses, the
groups were compared using the Mann±Whitney Utest and the Kruskal-Wallis rank test of variance (N
= 3). The data were analysed using the Statistical
Package for Social Sciences (SPSS, SPSS Inc.,
Chicago, IL, USA) version 15. The level of
significance was set at P<0.05. We did not perform
the statistical analysis between different durations
because of the statistical difference between control
values.

RESULTS
Contents of photosynthetic pigments and
phenolic compounds were shown in Table 1.
Chlorophyll a content was decreased at 48th hours
at the lowest and highest phosphate levels (P<0.05).
The decrease was also observed at the highest
phosphate concentration at 144th hours. On the
other hand, chlorophyll b was increased at the same
phosphate concentration at 48th and 96th hours. All
the phosphate treatments decreased carotenoids
contents only at 48th hour. Phenolic compounds
were not affected by phosphate treatment (P>0.05)
(Table 1).
Table 2 shows GR and CAT activities,
TBARS and protein contents in L. minor treated
with different phosphate concentrations at different
time intervals. Phosphate superabundance in the
nutrient media caused a decrease in GR activity in a
concentration-dependent manner at 24th hour; while
observed decrease in GR activity was not
concentration-dependent at 144th hour. The
maximum decrease in GR activity was found at 6
mg.L-1 phosphate concentration at 24th hour and the
decrease in the activity was attenuated by increased
phosphate concentration. Catalase activity was also
1590
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TABLE 1
Effects of different phosphate concentrations on photosynthetic pigments and
phenolic compounds contents in L. minor

Phenolic
compounds
(μg.mg-1)

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

24 h
0.915±0.027
0.908±0.003
0.921±0.017
0.901±0.004

48 h
0.936±0.016
0.929±0.027
0.927±0.011
0.899±0.008

96 h
0.921±0.019
0.906±0.005
0.914±0.010
0.912±0.002

144 h
0.895±0.004
0.899±0.002
0.908±0.021
0.910±0.011

Carotenoids
(mg.g-1)

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

0.072±0.002
0.073±0.007
0.073±0.002
0.074±0.004

0.060±0.002a
0.052±0.003b
0.055±0.002b
0.052±0.003b

0.055±0.008
0.059±0.002
0.049±0.007
0.054±0.005

0.030±0.004
0.029±0.007
0.028±0.004
0.016±0.002

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

0.142±0.003
0.144±0.006
0.148±0.005
0.153±0.010

0.127±0.005a
0.112±0.005b
0.119±0.005ab
0.115±0.005b

0.127±0.019
0.141±0.004
0.113±0.012
0.121±0.001

0.071±0.012a
0.075±0.006a
0.069±0.009a
0.041±0.006b

Chlorophyll a
(mg.g-1)

Control
0.069±0.001
0.060±0.002ab
0.070±0.005a
0.021±0.003
-1
a
6 mg.L
0.073±0.004
0.058±0.002
0.075±0.007a
0.027±0.005
Chlorophyll b
16 mg.L-1
0.073±0.001
0.062±0.003bc
0.081±0.011a
0.020±0.005
-1
(mg.g )
-1
c
b
0.081±0.010
0.065±0.002
0.114±0.014
0.019±0.003
60 mg.L
Data were expressed as mean±S.D. (N=3). Different letters show the statistical difference between phosphate
concentrations at the same time interval (P<0.05).

TABLE 2
Effects of different phosphate concentrations on GR and CAT enzyme activities and
TBARS and protein contents in L. minor

Glutathione
reductase
(U.mg-1
protein)

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

24 h
0.0193±0.0026a
0.0089±0.0009b
0.0099±0.0031b
0.0152±0.0025c

Catalase
(U.mg-1
protein)

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

46.13±5.51a
22.90±2.68b
22.12±2.96b
25.50±5.82b

25.76±2.06a
29.96±5.57a
12.90±1.03b
11.17±1.30b

23.17±8.24a
26.87±3.20a
31.63±6.93a
9.09±0.79b

32.37±7.55ac
13.51±8.59b
27.51±3.76a
35.86±3.28c

Control
6 mg.L-1
16 mg.L-1
60 mg.L-1

2205.43±199.12a
2202.68±164.56a
2570.75±395.95a
1468.64±244.35b

1408.16±448.45
2063.14±119.22
1775.30±649.91
2184.32±179.45

3082.26±691.81
2858.56±848.42
3390.67±768.75
2499.22±179.55

3337.24±1114.67a
1648.91±227.03b
2404.20±448.54a
2350.19±417.99a

TBARS
(ng.mg-1
protein)

48 h
0.0125±0.0022
0.0123±0.0021
0.0102±0.0009
0.0110±0.0021

96 h
0.0194±0.0027
0.0165±0.0037
0.0149±0.0022
0.0162±0.0016

144 h
0.0326±0.0007a
0.0212±0.0031b
0.0206±0.0030b
0.0184±0.0035b

0.45±0.01a
Control
0.58±0.09
0.64±0.06
0.59±0.04a
-1
b
Total protein
6 mg.L
0.65±0.02
0.64±0.12
0.51±0.04
0.32±0.01b
-1
-1
b
(mg.mL
0.97±0.05
0.61±0.04
0.45±0.03
0.38±0.02c
16 mg.L
-1
c
homogenate)
60 mg.L
0.71±0.07
0.52±0.03
0.39±0.03
0.38±0.01c
Data were expressed as mean±S.D. (N=3). Different letters show the statistical difference between phosphate
concentrations at the same time interval (P<0.05).
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decreased at 24th, 48th, and 96th hours of treatment
especially at higher phosphate concentrations.
However, it was not concentration-dependent. The
lowest phosphate concentration decreased CAT
activity at 144th hour.
There was a decrease in TBARS content at 60
mg.L-1 and 6 mg.L-1 phosphate concentrations at
24th and 144th hours, respectively. Total protein
content was decreased at 96th and 144th hour. It was
concluded that the observed decrease was
concentration-dependent manner at 96th hour.

DISCUSSION
Effects of phosphate on plants was mostly
investigated in the view of its scarcity [21, 22]. Our
study draws an attention to the different
hypertrophic phosphate levels that caused changes
in some oxidative stress parameters and pigment
contents in L. minor, which is intensively used in
wastewater treatment applications.
Fattahpour et al. [23] reported that there was a
phosphate concentration-dependent increase in
chlorophyll a, b, and total chlorophyll amounts in
Zea mays. Five different phosphate concentrations
(0, 25, 50, 100, 200 mg.L-1) were applied to
Hibiscus cannabinus L. and the highest
photosynthesis value was found in 100 mg.L-1
phosphate whereas the lowest value was at 0 mg.L-1
[24]. However, the highest phosphate concentration
applied in the present study decreased the
chlorophyll a content while chlorophyll b increased,
especially at the 48th hour. Jiang et al. [6] reported
that external phosphate is effective to maintain
photosynthetic ability via increasing the chlorophyll
content under heavy metal stress in Zea mays. It
was proposed that high phosphate levels caused
stress conditions in the present study, but we can
not conduct a logic explanation between the
changes in chlorophyll a and b contents. We may
conclude that the increase in chlorophyll b content
is an adaptive response to the high level phosphate
exposure.
Phosphorus supplementation has generally no
effect on superoxide dismutase, guaicol peroxidase,
and ascorbate peroxidase activities in tomato fruits;
however, there were some seasonal elevations [13].
Vanhoudt et al. [14] found that TBARS levels and
CAT activity decreased in Arabidopsis thaliana
leaves at high phosphate concentrations. Similarly,
CAT and GR activities and TBARS levels
decreased especially in higher concentrations of
phosphate in the present study. Different
phosphorus concentrations decreased ascorbate
peroxidase activity and lipid peroxidation levels,
while there was no change in CAT and superoxide
dismutase activities and H2O2 levels in chickpea
leaves [11]. Ascorbate peroxidase and CAT are two
enzymes that act on H2O2 [12]. Dehydroascorbate is
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the product of ascorbate peroxidase and regenerates
to ascorbate by using glutathione. Oxidized
glutathione is regenerated to glutathione by GR in
the presence of NADPH. We thought that
phosphorus supplementation is effective in
attenuation of free oxygen radicals-related damage,
although we did not analyse H2O2 levels and
ascorbate peroxidase activity. Interestingly,
phenolics, as antioxidant compounds, were not
affected by phosphorus supplementation in the
present study. Phosphates are used as antioxidant
additives in foods for a long time [25]. However,
this is a difficult question which mechanisms
underlie under the antioxidative effect of phosphate
supplementation in plants; therefore, further
mechanistic studies should be conducted.
Phosphorus is an important compound to
maintain energy homeostasis. For example, a study
suggested that ATP concentrations were decreased
in phosphorus-deficient soybean nodules [26].
Likewise, the decrease in nitrogen concentrations in
bacteroids from nodules of phosphorus-deficient
soybean plants indicated that protein synthesis in
the bacteroids was inhibited by the phosphorus
deficiency [26]. Phosphorus fertilizer increased the
seed protein and nitrogen content of Lens culinaris
applied at 40 kg.h-1; however, 60 kg.h-1 phosphorus
supplementation had no effect on seed protein and
nitrogen content [27]. Similarly, 0.3 mM phosphate
supplementation increased total protein content in
Scenedesmus
obliquus,
although
higher
concentrations of phosphate had no effect on total
protein content [28]. Phosphorus supplementation
decreased total protein contents at prolonged
durations in the present study. The decrease was
concentration-dependent at 96th hour. On the
contrary, phosphorus limitation decreased soluble
protein content of Selenastrum minutum cells [29].
Phosphorus increased the total biomass of Lemna
gibba, while total biomass showed a decreasing
trend at increased phosphorus concentrations [30].
The highest phosphorus concentration used in the
study of Rubio et al. [30] was 10 mg.L-1. We used
higher phosphorus concentrations up to 60 mg.L-1;
therefore, decreased protein content could be
related
to
higher
dosage
phosphorus
supplementation in the present study.
In conclusion, the most pronounced effects of
phosphate at its hypertrophic levels were on
oxidative stress parameters and total protein and
pigment contents. This laboratory work should be
done in natural conditions as a further study.
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ABSTRACT
Minjiang estuary is located on the Taiwan
Channel which receives industrial and agricultural
effluents. Samples including sediments (n=30),
water (n=10) and marine species (n=10) were
collected
from
this
bay.
HCHs
(hexachlorocyclohexanes) and DDTs (dichlorodiphenyl-trichloroethanes) were tested using GCECD. In sediments, the concentration of HCHs was
0.1±3.59ng/g and the concentration of DDTs was
1.56±81.68ng/g. The concentration ranges of HCHs
and DDTs in sea water were 1.31±9.96ng/L and
0.78±6.51ng/L, respectively. And the concentration
ranged of HCHs and DDTs in land surface water
were
7.04±14.08ng/L
and
3.82±9.66ng/L,
respectively. The residual level of HCHs and DDTs
in marine species samples ranged from 0.1 to 0.6ng/g
and from 0.57 to 85.02ng/g, respectively. In this
thesis, discussions of DDTs and HCHs in sediment,
water and marine species samples were made. The
following are the main results and conclusions:
When compared with some remote sites, the
concentration of HCHs and DDTs in Minjiang
estuary is higher. While compared with other
industry area, the residual level of them is lower. A
general decreasing trend of HCHs and DDTs was
found from the inner to outer sectors of the Bay for
both sediment and water samples. The distribution of
HCH and DDT depends greatly on the different
properties pertaining to them. The topography, redox,
hydrodynamic condition as well as other factors also
play an important role in controlling the distribution
and fate of HCHs and DDTs. Bioaccumulation factor
of DDTs and HCHs was also calculated and human
consumption of this seafood could be a risk because
the bioaccumulation factor ranged from 0.50 to
267.6.

INTRODUCTION
As an important component of persistent
organic pollutants (POPs), organochlorine pesticides
(OCPs) continue to be a major environmental issue
due to their tendency to accumulate in organism and
has some negative effect on human beings and the
whole ecological system [1]. A global increasing of
OCPs has been investigated in previous works [2-4].
The OCPs pollution occurs various environmental
media. In previous researches it is found that the
ocean water, river water and species in aquatic media
have been polluted with OCPs [5-7]. And thus a lot
of OCPs accumulated in the plant and/or plant
products such as juice, animals and/or animal
products such as milk, egg and meat which are the
potential risk to the human health [8-12]. In these
works, it was indicated that major emission sources
of OCPs in Asian coastal areas, especially
developing countries. For the agriculture purpose,
the OCPs is still used in most developing region in
Asia, although this type of pesticide has been banned
in developed countries in the world between 1970s
and 1980s [8, 13].
In China, the application of pesticide is mainly
in the south and southeast China. Information on
organochlorine concentrations in aquatic water,
sediment and fish from Minjiang River Estuary,
Jiulong River Estuary and Xiamen sea of Fujian
province, southeast China, have been recently
documented [14-17]. Minjiang estuary is located in
the middle of the long coastal line and between
Minjiang River Estuary and Xiamen sea of Fujian
province, southeast China which lies between
24q37c-24q58cN latitude and 118q38c-118q52cE
1595

© by PSP

Volume 26 ± No. 2a/2017, pages 1595-1606

Fresenius Environmental Bulletin

previous usage of organochlorine pesticides in the
agricultural and industrial sectors can be fully
assessed. Consequently, to study the distribution and
behavior of OCPs in this estuarine system is critical
to both pollutant control and the scientific
management and sustainable development of
Minjiang estuary.

longitude. The rapid development of local economy
has resulted in a potential environmental problem,
especially organochlorine pesticides (OCPs)
pollution in the bay because of the industrial and
agricultural effluents.
As the common bivalves, clams and mussels
have been considered as the biomonitoring for
organic and inorganic pollution in the ocean because
of their wide distribution, easy collection tolerance
to accumulation of high-level concentration of
chemical pollutants [4, 18-21]. The clams and
mussels are on the low position of food chain, so that
the pollutants could enter them tissues from
sediments and water easily and directly. And
meanwhile, bivalves are collected as food due to
their rich trophic matter and large production, which
becomes an important part of economy development.
In the Asia coastal region, they occupy considerable
part of foodstuff in market as well fish. The
comprehensive monitor screening in the toxic
pollutants in the ocean water including water,
sediments and seafood is rarely reported [4].
This work aims to carry out a survey of selected
organochlorine pesticides in Minjiang estuary,
focusing on the main media including sediments,
water, marine products in which pollutants
accumulate commonly. Only when the levels of
pollutants in various phases have been determined,
can the environmental quality and the impact of

MATERIALS AND METHODS
Sampling and sample treatment. Field works
were conducted in July 2013 and January 2014.
Samples included surface sea water (n=6), surface
land water (n=4), top sediment (0~2cm) (n=15),
bottom sediment (2~10cm) (n=15) and marine
specimens (n-10). Throughout the survey a Global
Position System (GPS) was used to locate the actual
sampling sites (Figure.1). Approximately 1.5L of
water was collected in a polythene bottle. Sediments
were collected with a gravity drill (KC Denmark)
and divided into the top and bottom sediment in situ.
Sediment samples were then sealed in Ziploc bags.
Marine species were collected in situ or purchased
from local markets, which were cleaned and then
sealed in Ziploc bags. All samples were transported
to the laboratory as soon as possible and stored at ±
20°C until analyzed.
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FIGURE 1
Sketch map of sampling sites. (LW01, SW04, S01 and B01 denote surface land water, surface sea water,
sediment and marine specimens sampling sites respectively. Sediment sampling sites BS01, BS04, BS05
and Surface sea water sampling sites BW01, BW04 and BW05 are collected at the same sites with marine
species sampling sites B01, B04 and B05 respectively.)
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TABLE 1
Method information for OCPs analysis
Method information
Oven:
Initial temp: 100°C; Maximum temp: 290; Initial time: 1min; Equilibration time: 2min
5DPSV&PLQĺ&&PLQĺ&&PLQĺ&PLQ
Inlet
Mode: Splitless; Initial temp: 290; Pressure: 11.24psi
Column
HP-PîȝPîȝP 3KHQ\O0HWK\O6LOR[DQH
Carrier gas Highly pure Nitrogen
Detector
ECD, 300°C
TABLE 2
Concentration of selected OCPs in sediments from Minjiang estuary (ng/g, dry weight)
Site

S01

S02

S03

S04

S05

S06

S07

S08

S09

S10

S11

S12

BS01

BS04

BS05

Top Sediment
Į-HCH

1.04

0.20

0.13

0.14

0.52

0.36

0.20

0.03

0.02

0.21

0.05

0.15

0.14

0.76

0.56

ȕ-HCH

1.47

0.67

0.46

0.21

ND

0.60

0.42

0.07

0.06

0.07

0.25

0.13

0.29

0.93

0.56

Ȗ-HCH

0.24

0.11

0.07

0.15

0.34

0.12

0.15

0.05

0.01

0.25

0.07

0.10

0.21

0.37

0.29

į-HCH

0.33

0.02

0.07

0.05

0.02

0.02

0.02

0.01

ND

0.07

0.02

0.02

0.37

0.37

0.25

HCHs

3.08

1.00

0.73

0.55

0.88

1.10

0.80

0.15

0.10

0.60

0.39

0.40

1.01

2.44

1.66

3.65

1.74

0.92

2.52

2.36

1.51

0.13

0.06

0.57

0.35

0.61

15.18

2.55

3.26

1.50

0.23

3.73

0.53

0.26

0.44

0.07

0.06

2.60

0.03

0.14

0.19

8.45

0.19

8.64

5.52

2.47

21.25

4.71

3.28

4.75

3.19

7.48

4.91

9.29

2.36

6.53

17.52

21.10

12.87

0.25

9.76

8.14

7.68

0.48

0.23

ND

1.03

1.51

27.03

ND

54.87

34.88

20.37

7.36

34.05

15.47

12.92

5.43

3.53

10.65

6.32

11.54

44.76

17.53

75.83

SS¶DDE
SS¶DDD
SS¶DDT
RS¶DDT
DDTs

1.34
0.11
2.62
3.09
7.16

Bottom Sediment
Į-HCH

1.21

0.01

0.58

0.12

0.30

0.33

0.41

0.07

ND

0.18

0.04

0.02

0.16

0.28

0.34

ȕ-HCH

1.70

0.03

0.95

0.19

0.76

0.72

0.22

0.01

0.02

0.11

0.14

0.14

0.57

0.66

0.44

Ȗ-HCH

0.26

0.04

0.15

0.03

0.17

0.16

0.07

0.03

0.04

0.17

0.07

0.12

0.18

0.24

0.26

į-HCH

0.42

0.02

0.02

0.05

0.08

0.01

0.70

0.01

0.03

0.06

0.01

0.01

0.10

0.15

0.20

HCHs

3.59

0.10

1.70

0.39

1.31

1.22

1.40

0.13

0.10

0.52

0.26

0.29

1.00

1.33

1.24

1.58

0.09

1.94

0.82

1.15

3.06

0.98

0.76

0.05

1.27

0.40

0.46

3.46

0.69

3.37

0.14

2.30

6.84

4.45

17.42

0.07

0.14

0.06

0.57

9.21

0.02

0.05

13.95

11.40

13.35

5.10

0.23

41.92

3.92

9.93

4.85

4.08

4.13

0.94

7.25

6.86

5.10

59.41

2.35

4.61

DDT

4.40

ND

ND

0.40

0.03

6.27

3.51

2.44

ND

5.44

1.23

1.23

4.86

0.06

ND

DDTs

11.22

2.62

50.69

9.58

28.52

14.26

8.72

7.40

1.56

23.17

8.52

6.84

81.68

14.49

21.33

SS¶DDE
SS¶DDD
SS¶DDT
RS¶-

Note: ND means not detected.
for 12 hours. After cooling, purified water (3% of the
reagent weight) was added to deactivate [22]. Other
materials included filter paper, aluminum foil,
absorbent cotton and active copper.
A standard mixture was purchased from
ULTRA Scientific (U.S.). Nineteen different
pesticides contained LQ LW DUH Į-+&+ ȕ-+&+ į+&+Ȗ-HCH, heptachlor, aldrin, heptachlor epoxide,
cis-FKORUGDQH Į-endosulfan, trans-chlordane, SS¶DDE, dieldrin, eQGULQ ȕ-endosulfan, RS¶-DDT,
SS¶-DDD, En, endosulfan and SS¶-DDT. TCMX
and PCB209 were used as surrogates to indicate

Pretreatment. All glassware was washed with
mixture of sulfuric acid and potassium dichromate,
cleaned with distilled water and dried in the oven at
200Ԩ for 4 hours. Dichloromethane (DCM) was
used to rinse glassware prior to use. Reagents were
used including dichloromethane, hexane, acetone,
sodium sulfate, alumina gel (100~200mesh), silica
gel (100~200mesh), hydrochloric acid and vitriol.
DCM, hexane and acetone were of HPLC grade.
Alumina and silica gel were extracted using Soxhlet
apparatus for 24 hours in DCM solvent and then
activated in the oven at 240Ԩ and 180Ԩ, respectively,
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ng/mL, 150 ng/mL and 200 ng/mL mixture standard
of OCPs, respectively, calibration curve was
employed and the correlation coefficient of the curve
is better than 0.998 for all the target compounds.
Quality controls (QC) and quality assurance
(QA) were conducted shown in previous study [25].
All data were subjected to strict quality control
procedures, including the analysis of procedural
blank and 100ng/mL standard mixture with each set
of analyzed samples. For every set of 10 samples, a
procedural blank and a 100ng/mL standard mixture
were run to check for the interference and crosscontamination. As a result, none of the target
compounds were detected in the procedural blanks
and the retention time and peak area of the target
compounds did not change in every 100ng/mL
standard mixture on the whole. All kinds of samples
were determined with good precision and high
recoveries. The reproducibility was higher than 90%
and relative standard deviation (RSD) was lower
than 15% for a duplicate sample of every set of 5
samples. TCMX and PCB209 were used to assess the
losses involved in the sample extraction and workup, to demonstrate the efficiency of the method. The
mean recoveries for OCPs using surrogates, TCMX
and PCB209, were in the range of 83-102%. The
method detection limits(MDLs) for OCPs ranged
ˉ
ˉ
from 0.11h10 9 to 0.35h10 9. They were get from
determining 100ng/ml mixture standard of OCPs six
times and calculating standard deviation (SD) of all
target compounds. The MDLs of OCPs were 3 times
of the SD value. QA and QC accorded with USEPA
completely.

recovery and PCNB was used as internal standard.
The entire process for the pretreatment used USEPA
SW-8080A method shown in reference [23].
Water - Each 500mL of water sample was
measured accurately. 20mL of DCM was added for
liquid-liquid extraction (LLE). This process was
repeated for three times. All the solvents were
collected in a round-bottomed flask and dehydrated
with pre-baked sodium sulfate.
Sediment - Sediment samples were freeze±
dried, crushed and 10g were wrapped with precleaned filter paper. Then, the sediment samples
were extracted with Soxhlet apparatus in a water bath
at about 48Ԩfor 24 hours using 200mL DCM as a
solvent.
Marine Species - Biological samples were
measured and weighed. Soft tissue was taken out
with stainless steel scalpel and it was homogenized
with tissue blender. 10g sample was wrapped with
pre-cleaned filter paper. A certain amount of prebaked sodium sulfate was also wrapped in to
dehydrate and then Soxhlet extracted for 48 hours in
an water bath at about 55°C using 200mL mixture of
DCM and acetone (2/1, V/V).
Before extraction, TCMX and PCB209 were
injected in the samples for using as surrogates to
indicate recovery. After extraction, active copper
slices were added to eliminate the influence of
Sulphur containing compounds and vitriol was used
to remove lipid from the solvent of marine species
samples [24]. Thereafter, the solvent was
concentrated to 5mL by rotary-evaporation and then
solvent of marine species samples passed through a
mixture of sulfate silica gel and alumina gel
(10/3,V/V)and solvent of sediments and water
samples passed through a mixture of silica gel and
alumina gel (2/1,V/V) for purification, respectively.
It was then rinsed with a mixture of DCM and hexane
(2/3, V/V). The solvent was condensed to 0.2mL
with soft stream of highly pure Nitrogen and 4PL of
PCNB (5Pg/mL) was added as an internal standard.
When completed, the pretreated samples were stored
in a vial in the refrigerator until gas chromatogram
analyses.

RESULTS AND DISCUSSION
Concentration of OCPs in samples. Sediment
- The data for concentration of selected OCPs in
sediments from Minjiang estuary are listed in Table
2. In the top sediments, the concentration of HCHs
ranged from 0.1 to 3.08ng/g with a mean value of
0.99ng/g and the concentration of DDTs ranged from
3.53 to 75.83ng/g with a mean value of 20.52ng/g. In
the bottom sediments, the concentration of HCHs
ranged from 0.1 to 3.59ng/g with a mean value of
0.97ng/g and the concentration of DDTs ranged from
1.56 to 81.68ng/g with a mean value of 19.37ng/g.
The residual level for DDTs is one or two orders
higher than that of HCHs. A most likely explain for
the current relatively lower concentrations of HCHs
in sediments is due to the differences in
physicochemical and biochemical properties,
wherein HCHs have higher water solubility, vapor
pressure and biodegradability, and lower
lipophilicity and particle affinity compared to the
DDTs.

Equipment analysis. A HP6890 gas
chromatogram equipped with a 63Ni-ECD detector
was employed for the analysis. HP-5 capillary
column (30m×0.32mm I.D. with 0.25ȝm film
WKLFNQHVV  ZDV XVHG IRU VHSDUDWLRQ ȝ/ RI VDPSOH
was injected for analysis. Detail information for
analysis is listed in Table.1.
Quality controls and quality assurance. Data
were processed by a HP Chemstation and the residue
levels of OCPs were quantitatively determined by
the internal standard method using peak area. A six
point using 10 ng/mL, 20ng/mL, 50 ng/mL, 100
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water, the concentration of HCHs was 7.04±
14.08ng/L with a median of 10.58ng/L and the
concentration of DDTs was 3.82±9.66ng/L with a
median of 7.20ng/L. Contrary to the sediment, the
residual level of HCHs was higher than that of DDTs
in water. DDTs are known for their low water
solubility and higher affinity to particles in the water
column compared to other

Water - Six surface sea water samples were
collected in high flow season and four land water
samples from the Jin River and Luoyang River in
both the high flow season and low flow season. Table
3 provides the concentration of DDTs and HCHs in
the water samples. In sea water, the concentration of
HCHs was 1.31±9.96ng/L with a median of 4.18ng/L
and the concentration of DDTs was 0.78±6.51ng/L
with a median of 2.13ng/L. While in land surface

TABLE 3
Concentration of HCHs and DDTs in water from Minjiang estuary and two rivers (ng/L)
Site
SW04
SW06
SW10
BW01
BW04
BW05
Į-HCH
2.13
0.16
0.11
0.12
1.57
0.11
ȕ-HCH
1.99
1.38
1.71
0.19
0.10
0.21
Ȗ-HCH
5.62
2.87
2.88
0.03
0.22
0.65
į-HCH
0.21
0.59
0.48
1.00
0.43
0.34
HCHs
9.96
5.00
5.18
1.34
2.31
1.31
SS¶-DDE
0.17
0.00
0.13
0.08
0.07
0.08
SS¶-DDD
0.16
0.03
0.05
1.18
0.03
0.08
SS¶-DDT
0.53
0.73
1.36
5.10
0.94
1.72
RS¶-DDT
0.11
0.03
0.05
0.15
0.01
0.01
DDTs
0.97
0.78
1.59
6.51
1.05
1.89
Site
LW01(High flow)
LW01(Low flow)
LW02(High flow)
LW02(Low flow)
Į-HCH
2.69
3.10
5.38
3.40
ȕ-HCH
1.37
1.24
2.74
1.20
Ȗ-HCH
2.82
2.51
5.64
2.55
į-HCH
0.16
3.26
0.32
3.95
HCHs
7.04
10.11
14.08
11.10
SS¶-DDE
0.27
2.24
0.53
2.20
SS¶-DDD
0.65
1.56
1.30
3.56
SS¶-DDT
2.63
1.86
5.26
1.91
RS¶-DDT
0.27
2.03
0.54
1.99
DDTs
3.82
7.69
7.64
9.66
TABLE 4
Comparison of concentration of OCPs in sediments and sea water from different sites
HCHs
DDTs
Sediments samples (ng/g)
Reference
Range
Mean
Range
Mean
Pearl River Delta, China (n=5)
ND~2.6
1.6
2.6-115.6
26.9
[22]
Daya Bay, China (n=9)
0.3~4.2
1.4
0.1~20.3
2.7
[26]
Wu-Shi Estuary, Taiwan (n=19)
0.99~14.5
3.8
ND~11.4
2.5
[27]
Victoria Harbor, Hong Kong (n=10)
ND~2.3
0.16
1.38~25.4
10.2
[28]
Ulsan Bay, Korea (n=32)
0.02~4.55
0.64
0.02~41.9
3.34
[29]
Northern Coast, Vietnam (n=5)
1.2~33.7
8.5
6.2~10.4
7.74
[30]
Alibagh Coast, India (n=8)
9.1~108.1
37.3
ND~70.9
12.5
[31]
Alexandria Harbor, Egypt (n=21)
ND~2.1
0.95
8.9~885
94.7
[32]
Minjiang estuary, China (n=15)
0.1~3.1
0.99
3.5~75.8
20.5
This work
Water samples (ng/L)
Jiulong River Estuary, China (n=15) 0.58~353
71.8
0.16~63.2
12.8
[33]
Minjiang River Estuary, China (n=9) 103~515
297
89.1~234
159
[24]
Dalian Bay, China (n=5)
0.96~4.9
3.28
0.53~2.02
1.01
[34]
Liaodong Bay, China (n=8)
26.8~47.1
38.9
ND~36.2
8.39
Mumbai coast, India (n=35)
0.14~15.92
5.42
3.01~33.21 12.45
[35]
Bering Sea (n=22)
0.15~0.81
0.44
ND~0.09
0.023
[36]
Chukchi Sea (n=15)
0.15~0.94
0.45
ND~0.12
0.015
Danube estuary, Black Sea (n=2)
0.03~0.23
0.13
0.02~0.04
0.03
[37]
Minjiang estuary, China (n=5)
1.31~9.96
4.18
0.78~6.51
2.13
This work
Note: ND means not detected.
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TABLE 5
Detail information about marine species samples
Name
Scientific name
razor clam
Sinonovacula
constricta
green mussel
Perna viridis
water shield
Ulva lactuca
blue mussel
Mytilus edulis
hard clam
Meretrix meretrix
razor clam
Sinonovacula
constricta
prawn
Penaeus japonicus
giant clam
Coelomactra antiquata
fish
Gerres filamentosus
blood clam
Arca Subcrenata

Site
B01
B02
B03
B03
B04
B05
Super market
Super market
Super market
Super market

TABLE 6
Residual level of HCHs and DDTs in marine species samples (ng/g, wet weight)
MP01 MP02 MP03 MP04 MP05 MP06 MP07 MP08 MP09
Į-HCH
0.05
0.05
0.04
0.03
0.04
0.04
0.03
0.03
0.02
ȕ-HCH
0.06
0.05
0.04
0.04
0.04
0.05
0.09
0.03
0.02
Ȗ-HCH
0.08
0.06
0.07
0.05
0.05
0.06
0.05
0.05
0.03
į-HCH
0.10
0.09
0.46
0.03
0.31
0.03
0.02
0.04
0.02
HCHs
0.28
0.24
0.60
0.14
0.44
0.17
0.19
0.15
0.10
SS¶-DDE 6.77
16.58 0.15
11.91 6.09
9.68
1.12
3.86
1.07
SS¶-DDD 28.02 50.94 0.19
28.09 16.62 26.65
0.08
12.81
0.47
SS¶-DDT 4.45
14.97 0.11
4.46
3.18
1.63
0.01
1.00
0.50
RS¶-DDT 1.07
2.54
0.11
1.65
0.61
0.32
0.06
ND
0.09
DDTs
40.31 85.02 0.57
46.11 26.49 38.28
1.26
17.67
2.13
Note: ND means not detected.

MP10
0.06
0.05
0.05
0.03
0.20
5.32
6.33
6.02
0.57
18.24

delicious. However, to most of sea animals, OCPs
and other pollutants are easily accumulated and
retain through the food chain or partition process.
Uptake of toxic chemicals from marine products may
increase human health problems. As a result, the
pollution of marine products receives more and more
attention. Marine species samples were collected in
situ from B01 to B05. In addition, several marine
species samples were purchased in a local
supermarket (Table 5).
In marine species samples, the residual level of
HCHs ranged from 0.1 to 0.6ng/g (mean 0.25 ng/g)
and the residual level of DDTs ranged from 0.57 to
85.02 ng/g (mean 27.61ng/g) (Table 6). The residual
level of DDTs is obviously higher than that of HCHs.
In addition, the concentration of DDTs in different
species of samples is greatly different while the
variation of HCHs is limited, which indicates a
different mechanism in controlling the accumulation
of DDTs and HCHs within the body of the marine
species.
According to the data shown in Table 7 reported
in previous work [38], although RS¶-DDT and GHCH were not computed at other sites, the
concentration of DDTs and HCHs in mussel samples

countries. The residual level of DDTs is of the same
order in all selected sites. However, the mean
concentration of DDTs in sediments from PRD,
Victoria Harbor, Alibagh Coast, Alexandria Harbor
and Minjiang estuary is relatively high. This may
suggest an intensive historical use of DDTs at these
sites as DDTs was banned in most of these
countries long time back.
For water, the residual level of HCHs and DDTs
is lower than Jiulong River Estuary, Minjiang River
Estuary, Liaodong Bay and Mumbai coast, at the
same level with Dalian Bay and worse than the
Bering Sea, Chukchi Sea and Danube estuary (Table
4). At the sites with intensive human activities, such
as Minjiang River estuary, Jiulong River estuary and
Liaodong Bay, the pollution of HCHs and DDTs is
more serious while at the remote sites like Bering,
Chukchi and Black Seas the pollution of HCHs and
DDTs is relatively low. In addition, a higher
concentration of HCHs than DDTs was found in
most sites except the Mumbai coast. As DDTs are
still used in India, the elevated level of DDTs in sea
water may be caused by the fresh input of DDTs.
Marine species - Marine species are important
food for people and most of them are nourishing and
1600
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TABLE 7
Comparison of DDTs and HCHs residual in mussel from different sites
Site
Species
Data
n
length (mm) DDTs
Xiamen Long Hai, China
Green mussel 990515 24 68~82
128.8
Fuzhou Lian Jiang, China
Green mussel 990705 20 62~79
57.6
Jiao Zhou Wan, Shangdong, China
Blue mussel
010911 17 71-70
148.8
Chong Ming Dao, Shanghai, China
Blue mussel
010925 33 47~63
638
Minjiang, Fujian, China
Green mussel 011004 20 51~82
148.2
Bombay, Maharashtra, India
Green mussel 980319 31 62~88 (73)
15
Goa, Goa, Inida
Green mussel 980319 49 53~86 (71)
2.99
Cilincing, Jakarta, Indonesia
Green mussel 980728 49 50~70 (60)
0.99
Hangchon, Namhae, Korea
Blue mussel
980513 48 41~54 (46)
0.89
Cat Hai province, Vietnam
Green mussel 971027 38 5~13 (13)
4.77
Minjiang estuary, Fujian Province, Green mussel 040724 10 19~29 (14)
85.02
China
Minjiang estuary, Fujian Province, Blue mussel
040724 10 51~76 (66)
46.11
China
Note: Data of other sites were calculated based on data reported by Monirith, Ueno et al. [38]
Other sites: DDTs = SS¶-DDE+ SS¶-DDD+ SS¶-DDT; HCHs = D-+&+ȕ-HCH+ J-HCH

HCHs
0.62
0.5
1.85
1.74
0.21
1.05
0.87
0.08
0.88
0.03
0.24
0.14

Water - Many factors influence the distribution
of OCPs in water. A seasonal trend was found by
Yang et al. [39]. The concentration of OCPs during
the high flow season is significantly lower than that
in the low flow season. The negative correlation of
OCPs with salinity was also reported and the
increase of salinity helps in the removal of OCPs in
sea water [33]. Other factors as dissolve organic
carbon, particle contend and air-water exchange
processes also affect the concentration of OCPs in
sea water.
From distribution map of HCHs and DDTs in
water samples from Minjiang estuary in Figure.3,
only the high flow season land water samples were
plotted on the map because they were collected at the
same time as the sea water. It can be found that a
declining trend from inner to outer of the Bay for
both HCHs and DDTs. The concentration of HCHs
is high at both Luoyang River and Jin River sites.
However, at the mouths of two rivers (BW01, BW04
and BW05), the concentration of HCHs decreased
rapidly. The dilution process may cause the rapid
decrease of HCHs. At SW04 HCHs increased and
this may contribute to the combination of the current
from both rivers. In addition, tidal current may also
act in depositing material at SW04. The relatively
high concentration in SW06 and SW10 may relate to
atmospheric input of HCHs. The distribution of
DDTs shows the similar trend of HCHs. But at S04
no elevation of DDTs was found. The elimination of
DDTs from water to the sediment may be slower than
that for HCHs and the influence of atmospheric
process to DDTs is limited. At most of the sites, the
concentration of HCHs is higher than that of DDTs
except BW01 and BW05, which were located at the
river mouths. The rapid decline in HCHs may lead to
this result.

from Minjiang estuary is still high comparing with
other Asian sites,which reflect a serious pollution of
OCPs in the studying region.However, compared
with some sites in China such as Xiamen Long Hai,
Jiao Zhou Wan, Chong Ming Dao and Minjiang, the
condition of Minjiang estuary is relatively better.
However the data from these sites was reported
several years ago and the residual impact of OCPs in
these sites might have decreased with time.
Distribution characteristics of OCPs in
Minjiang estuary. Sediments - The distribution of
OCPs in sediments is influenced by many factors
such as topography, hydrodynamic condition, and
types of sediments. Figure.2 shows the residual level
of HCHs and DDTs in sediments from different sites.
From S01 to S12 the concentration of HCHs in top
sediments shows a trend to decrease. At S01 near to
the mouth of Luoyang River, the higher
concentration may be caused by input from the river.
S05, S06 and S07 have a relatively higher
concentration of HCHs and this may relate to the
influence of topography. From Figure.2, we can find
a peninsula stretches into the center of the Bay and
this may lead to a great change in hydrodynamic
conditions which result in a rapid deposition in that
zone. S08 and S09 are located in a narrow
watercourse and this may increase the velocity of
flow. It is difficult for the particles to deposit in this
condition, so the concentration of HCHs at these two
sites is relatively low. B01, B04 and B05 are located
near the beach and an elevated concentration of
HCHs was found, which may indicate a local
influence. The concentration of HCHs in the bottom
sediments shows the same trend as top sediment. The
concentration of DDTs in both top and bottom
sediments also shows a similar trend as HCHs from
inner to outer sector of the Bay.
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FIGURE 2
Residual level of HCHs and DDTs in sediments from different sites
LW02

LW01

BW01

BW05

SW04
SW06

BW04

SW10

FIGURE 3
Distribution of HCHs and DDTs in water samples from Minjiang estuary
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BAFi=Ciorganism/Cimedium
BAFibio: bioaccumulation factor of i substance in
biological samples
Ciorganism: concentration of i substance in organism
Cimedium: concentration of i substance in surrounding
medium
When calculate the BAF if water shield,
average concentration of DDTs and HCHs in the sea
water samplers was used. BAF for the water shield
of HCHs and DDTs is 143.5 and 267.6 respectively
on wet weight. The BAF for DDTs is about two times
higher than that of HCHs. This contributes to the
difference of KOW for DDTs (average Log KOW >9)
and HCHs (average Log KOW >4).
Another natant species is MP09, the
concentration of HCHs in fish sample is the lowest
and the concentration of DDTs is also low. BAF of
fish sample was not calculated because the
concentration of water for the fish habitat is
unknown and hard to estimate. However, as the lipid
content of fish is relatively low, if only the
contribution of HCHs and DDTs may come from
partitioning process, BAF for fish may be low. In
contrast to phytoplankton, fish can also accumulate
toxic substance through the eating process.
With the exception of the water shield and fish,
other samplers are all bottom living organisms. The
concentration in these samples is related to the
contamination of surrounding sediments. At B01,
B04 and B05, both sediments and marine products
were collected in situ (Table 8). In addition the BAF
for marine products was also calculated. From the
data, it was found that the BAF for DDTs was
obviously higher than that of HCHs. However, both
values of DDTs and HCHs were low. Based on the
wet weight of the marine product samples in order to
calculate the BAF may have led to a low value. The
average water content of bivalves is commonly
higher than 80%. So the BAF on dry weight may be
several times higher. Razor clam specimens from
B01 and B05 have a different BAF. The razor clam
with a larger size has a relatively high BAF and this
indicates that the accumulation of OCPs in the body
of bivalves is associated with their growth pattern.

Marine species - The highest concentration was
found in water shield while the concentration of
DDTs was at its lowest level (Figure.4). This may be
greatly related to the lifestyle of water shield. As a
kind of float grass, the partitioning process from
water to the water shield is the main factor that
influences the accumulation of OCPs from water to
the water shield. The solubility of HCHs is higher
than that of DDTs and in the sea water samples the
concentration of HCHs is higher than DDTs [40].
These two reasons may lead to a relatively high
concentration of HCHs and a relatively low
concentration of DDTs in water shield samples. The
high residual level of HCHs and DDTs was found in
all bivalve samples, this might be attributed to their
bottom living life style and their high lipid content.
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FIGURE 4
Histogram of residual level in different marine
product samples
Bioaccumulation of DDTs and HCHs in
marine species. With high lipid content, most of sea
species are inclined to accumulate OCPs from their
surrounding environment. The bioaccumulation
factor is defined as follows and it is widely used to
reflect the accumulation process of organisms:

TABLE 8
Concentration of sediment and marine product and BAF of samples at some sites
Size (n=10)
Sediment (ng/g)
Marine product (ng/g) BAF
Site Sample
Length Width
HCHs DDTs
HCHs
DDTs
HCHs DDTs
B01 razor clam 5.9
0.8
1.01
44.76
0.28
40.31
0.28
0.90
B04 hard clam
NM
NM
2.44
17.53
0.44
26.47
0.18
1.51
B05 razor clam 3.7
0.7
1.66
75.83
0.17
38.28
0.10
0.50
Note: NM means not measured; Concentration of sediments is reported on dry weight and concentration of
marine product is reported on wet weight.
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Management 43: 819-839.
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and
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North Pacific and Asian coastal waters.
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[7] Heinisch, E., A. Kettrup, W. Bergheim, D.
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chlorinated hydrocarbons (PCHC), sourceoriented monitoring in aquatic media. 4. The
chlorobenzenes. Fresen. Environ. Bull. 15: 148169.
[8] Tanabe, S., H. Iwata and R. Tatsukawa. (1994)
Global
contamination
by
persistent
organochlorines and their ecotoxicological
impact on marine mammals. Science of The
Total Environment 154: 163-177.
[9] Minh, T. B., T. Kunisue, N. T. H. Yen, M.
Watanabe, S. Tanabe, N. D. Hue and V. Qui.
(2002) Persistent organochlorine residues and
their bioaccumulation profiles in resident and
migratory birds from North Vietnam.
Environmental Toxicology and Chemistry 21:
2108-2118.
[10] Alawi, M. A., T. M. Al-Antary, H. Estityah, S.
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and
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(2013)
Comparative study for chlorinated pesticides in
mother milk from Jordan in four studies between
1993 and 2003. Fresen. Environ. Bull. 22: 279285.
[11] Al-Antary, T. M., M. M. Al-Dabbas and A. M.
Shaderma. (2015) Evaluation of three
treatments on carbosulfan removal in tomato
juice. Fresen. Environ. Bull. 24: 733-739.
[12] Al-Antary, T. M., M. A. Allawi, H. Estityah, S.
a. Alaqqad and N. Haddad. (2016) Evaluation of
Organochlorine pesticides residues in animal
products in Jordan in 2011 and 2012. Fresen.

CONCLUSION
Compared with some remote sites, the
concentration of OCPs in Minjiang estuary is higher.
A general decreasing trend was found from the inner
to outer sectors of the Minjiang estuary for both
HCHs and DDTs in sediment and water samples. The
distribution of OCPs depends greatly on the different
properties pertaining to them. The topography, redox,
hydrodynamic condition as well as other factors also
play an import role in control the distribution and
fate of OCPs.
BAF of DDTs and HCHs from water shield
samples is 267.6 and 143.5 respectively based on wet
weight using water as media. BAF of fish sample
was not calculated because the concentration of
water for the fish habitat is unknown and hard to
estimate. BAF of DDTs and HCHs of razor clam and
hard clam were also calculated using the sediment as
media. The razor clam with a larger size has a
relatively high BAF and this indicates that more
OCPs accumulate in the body of bivalves along with
their growth. All of the above provide a basic data to
local government for the management of the Bay.
Further studies are indispensable to obtain a more
profound understanding. A long-term monitoring
program of OCPs and other contaminants should be
established urgently in this region.
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FOLIAR RESORPTION AND NUTRIENT CHANGES IN
LEAVES AND SOILS OF TILIA RUBRA SUBSP. CAUCASICA
(LINDEN) ALONG AN ALTITUDINAL GRADIENT DURING
THE GROWING SEASON
Ali Bilgin, ùule Güzel *
Department of Biology, Faculty of Arts and Sciences, Recep Tayyip (UGR÷DQ8QLYHUVLW\5L]HTurkey

Tiliaceae, represented by four species in Turkey:
Tilia cordata Miller, T. rubra D.C., T. platyphyllos
Scop., and T. argentea Desf.. Tilia rubra DC.
subsp. caucasica (Rupr.) V. Engler especially
spreads in the east of the Black Sea region [1]. The
different parts of this species are consumed as
medicine. Linden flowers are well known and
widely used in folk medicine [2].
N and P concentrations, two of the important
components of leaves, play critical roles in
ecosystem function and dynamics [3]. It has long
been known that N and P are crucial components of
plant nutrition and these two elements generally
limit plant growth in both terrestrial and aquatic
ecosystems [4-6]. N and P are functionally coupled
in biological systems, from cells to ecosystems [7].
The synergistic and interacting effects of N and P
availability are widespread among different
ecosystems [8,9]. Although most studies have
focused on N and P resorption, in addition to these
elements, sulphur and carbon are also necessary for
plant growth and development. Sulphur is involved
in protein synthesis and is a component of amino
acids cysteine and thiamine. At the low level, plants
can use atmospheric SO2 as sulphur source [10].
Carbon partitioning in plants is controlled by a
number of factors such as the source of
photosynthate, the number and size of competing
sinks [11].
Plants have developed different strategies to
overcome nutrient shortages [12,13]. Nutrient
resorption is one of the most important mechanisms
of nutrient conservation, which enables a plant to
reuse nutrients directly and to be less dependent on
external nutrient supplies [14-17]. The nutrient
status of a plant can be determined by the
concentrations of nutrients in mature leaves [18].
Therefore, foliar analysis is a classic tool for
determining nutrient use efficiencies and it has long
been applied to forest trees, shrubs and herbs [19].
In a plant, most of the nutrients can be removed
from the senescing tissues and transported to other
parts through this process [17,20]. Nutrient use
efficiencies can be improved within the plant,
enhancing adaptability to environments where

ABSTRACT
This study was conducted (i) to explore
variations in the foliar nitrogen (N) and phosphorus
(P) resorption and nutrient dynamics of linden
along with altitudinal gradient and during one
growing season and their relationships with nutrient
contents and (ii) to identify how the soil factors
affect foliar N and P resorption. We measured
nitrogen (N), carbon (C), sulphur (S), phosphorus
(P) concentrations and SLA in both green and
senescent leaves of the same individuals. We
compared the resorption proficiency (RP) and
efficiency (RE) of N and P, SLA values, N, C, S
and P dynamics in plant leaves, besides comparing
N and P concentrations in soils for different
altitudes during the growing season and we
investigated impacts of climate, soil and altitudinal
variations. The N, C, S and P concentrations
increase with increasing altitude. The N, C, S and P
levels in green leaves were higher than those in
senesced leaves. On average, the leaf N-RE and PRE were 42 and 46%, respectively; and the
corresponding N-RP and P-RP were 0.6 and 0.54%,
respectively. N-RE and P-RE increase and N-RP
and P-RP decrease with increasing altitude. The
SLA, soil nutrient contents and pH significantly
change along with the altitudinal gradient and
during the growing season. These results support
that plants growing in areas with high altitude or in
areas with low soil N and P concentrations should
have lower N-RP and P-RP and higher N-RE and PRE. Our finding can improve the understanding of
variations in N and P resorption and their response
to global change.

KEYWORDS:
carbon, nitrogen, phosphorus, resorption efficiency,
resorption proficiency, soil, sulphur

INTRODUCTION
The genus Tilia L. is a member of the family
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nutrients are lacking [17,21,22].
Nutrient resorption parameters are essential to
estimate biogeochemical patterns [23-26]. Nutrient
resorption can be defined by nutrient resorption
efficiency (the percentage of reduction in the
nutrient concentration between green and senescing
leaves) and nutrient resorption proficiency (the
concentration of nutrient in senescent leaves) [27].
High nutrient resorption efficiency makes plants
less dependent on the current nutrient uptake and
increases plant adaptation, especially in nutrientpoor ecosystems [28,29]. In addition, nutrient
resorption proficiency directly affects litter quality,
litter decomposition rate and soil nutrient
availability [27,30].
Tilia rubra subsp. caucasica is a relict species
remained from tertiary period and also plays an
important ecological role in Turkey. The principal
objectives of this study are (i) to explore variations
in the foliar nitrogen and phosphorus resorption and
nutrient (N, C, S and P) dynamics of linden along
with altitudinal gradient and during one growing
season and their relationships with nutrient contents
and (ii) to identify how the soil factors affect foliar
N and P resorption.

Laboratory analyses. The leaf samples were
dried at 60 qC until the constant weight, then
grounded and sieved. N, C and S (%)
concentrations of samples were determined by an
NCS Analyzer (Thermo Scientific FLASH 2000
Series) device based on the method of Dumas [32].
P
(%)
concentration
was
determined
colorimetrically by using molybdate and
metavanadate after wet digestion in nitric and
perchloric acid. The absorbance was measured at
430 mm with a Biochrom Libra S70 Double Beam
Spectrophotometer [33].
Soil samples taken from a depth of 0-30 cm,
were also collected from each altitude during the
growing season. On each sample date, soil and plant
samples were taken from each altitude
simultaneously during the growing season. The soil
samples were air-dried and then sieved to pass
through a 2-mm screen. Soil pH values (1:1) were
measured by pH-meter (Thermo Scientific Orion 3
Star, Singapore). Soil nitrogen and phosphorus
content was spectrophotometrically determined by
Kjeldahl method, by extraction with ammonium
acetate, respectively.
Calculation of specific leaf area (SLA),
nutrient contents, resorption efficiency and
proficiency. Leaf area of each species was
measured with a leaf-area meter (LI-3000, LICORUSA). Specific leaf area (SLA) was calculated
according to Cornelissen et al. [34]:

MATERIAL AND METHODS
Study area and plant samples. This study
ZDV FRQGXFWHG LQ )ÕUWÕQD 9DOOH\ ORFDWHG LQ WKH
north eastern of Turkey, Rize. Average temperature
and rainfall were 15 °C and 1722 mm for 2014
(Turkish Republic Ministry of Forest and Water
Affairs, General Directorate of Meteorology 2014).
The soil in the research area was acidic. Tilia rubra
DC. subsp. caucasica (Rupr.) V. Engler was
selected as the research material and plant samples
were collected from Rize province. Three
topographic positions were sampled over the
elevation range (330, 679 and 974 m). Five (20 m ×
20 m) plots were chosen in homogeneous places for
each altitude (330 m N 41q00c753s/E 40q59c659s,
679 m N 40q58c416s/E 40q57c521s and 974 m N
40q54c152s/E 40q56c743s). In each plot, five
healthy plants were randomly selected and marked.
Each plant was selected t2.5 m from the stems of
neighboring canopy trees to avoid potential
microsite variation [31]. Green leaf samples were
collected in the first weeks from May to September
2014. Senescent leaves were collected in the first
week of October. Senescent leaves were collected
by shaking lightly the same branches from which
green leaves were collected. Leaf samples were
collected from five marked plants from the middle
of the crown for each plant from the five replicate
plots. The collected samples were mixed with each
replicate plots and brought to the laboratory in
polyethylene bags.

SLA = ¦ LA (dm2) / ¦ LDW (g)
LA: Leaf area (dm2)
LDW: Leaf dry weight (g)
N, C, S and P (g dm-2) were calculated according to
the following formulas.
N contents = ¦ LDW (g) × crude N concentration /
SLA = g dm-2
C contents = ¦ LDW (g) × crude C concentration /
SLA = g dm-2
S contents = ¦ LDW (g) × crude S concentration /
SLA = g dm-2
P contents = ¦ LDW (g) × crude P concentration /
SLA = g dm-2
Resorption efficiency (RE) and resorption
proficiency (RP) were calculated for N and P.
Resorption efficiency was calculated as the
percentage of nitrogen (N-RE) and phosphor (PRE) and it was recovered from senescent leaves
[35,36]:
RE = [(Nutrient in mature leaves ± Nutrient in
senescent leaves) / Nutrient in mature leaves] × 100
Nitrogen resorption proficiency (N-RP) and
phosphorus resorption proficiency (P-RP) were the
concentrations of nutrient in senescent leaves [27].

1608



© by PSP

Volume 26 ± No. 2a/2017, pages 1607-1621

Fresenius Environmental Bulletin


Statistical analyses. Statistical analysis was
performed by using SPSS version 21 (IBM SPSS
Statistics for Windows, Armonk, NY). One-way
analysis of variance (ANOVA) was performed in
order to reveal whether foliar N, P, C and S
concentrations,
resorption
efficiency
and
proficiency changed with respect to months and
DOWLWXGHV 7XNH\¶V KRQHVWO\ VLJQLILFDQW GLIIHUHQFH
(HSD) test was used to rank means following the
analysis of variance.

RESULTS
There were significant differences between
green (from May to October) and senesced leaves
(October) of linden with respect to all altitudes. The
foliar nutrient concentrations in green leaves were
higher than those in senescent leaves. These
significant differences and the calculated values for
each element at different altitudes through the
sampling period can be seen in Table 1A, B, C and
Table 2A, B, C.

TABLE 1A
The comparison of the monthly changes in N, C, S and P (%) values of Tilia rubra
subsp. caucasica by using One-Way ANOVA.
Sum of
Parameters
df
Mean Square
F
Sig.
Squares
Between Groups
N
Within Groups
Total
Between Groups
C
Within Groups
Total
Between Groups
S
Within Groups
Total
Between Groups
P
Within Groups
Total
*P< 0.05 **P< 0.01

21.225
4.803
26.028
1542.490
210.032
1752.522
0.038
0.014
0.053
16.826
6.725
23.552

5
48
53
5
48
53
5
48
53
5
48
53

4.245
0.100

42.421

0.000**

308.498
4.376

70.503

0.000**

0.008
0.000

25.519

0.000**

3.365
0.140

24.019

0.000**

TABLE 1B
The comparison of the elevation gradients in N, C, S and P (%) values of Tilia rubra
subsp. caucasica by using One-Way ANOVA.
Sum of
Parameters
df
Mean Square
F
Sig.
Squares
Between Groups
0.991
N
Within Groups
25.037
Total
26.028
Between Groups
38.204
C
Within Groups
1714.317
Total
1752.522
Between Groups
0.005
S
Within Groups
0.048
Total
0.053
Between Groups
3.926
P
Within Groups
19.626
Total
23.552
*P< 0.05 **P< 0.01 NS: Not Significant

2
51
53
2
51
53
2
51
53
2
51
53
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0.495
0.491

1.009

0.372NS

19.102
33.614

0.568

0.570NS

0.002
0.001

2.624

0.082NS

1.963
0.385

5.101

0.010*
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TABLE 1C
Nitrogen, carbon, sulphur and phosphorus values of Tilia rubra subsp. caucasica depending
RQDOWLWXGHVDQGPRQWKVE\XVLQJ7XNH\¶V+6'WHVW 0HDQr
rSE).

Months

Altitudes

N

C

S

P

330 m

n
18

%
2.80±0.11a

(g dm-2)
0.51±0.02b

%
46.56±1.48a

(g dm-2)
8.41±0.75b

%
0.099±0.007a

(g dm-2)
0.018±0.002b

%
2.14±0.10b

(g dm-2)
0.39±0.02b

679 m

18

2.93±0. 2a

0.65±0.02b

46.82±1.01a

10.98±0.56b

0.104±0.007a

0.024±0.001b

2.23±0.17b

0.48±0.16b

974 m

18

3.13±0.16a

1.26±0.12a

48.46±1.53a

20.52±1.95a

0.110±0.007a

0.035±0.002a

2.75±0.15a

1.20±0.02a

Q.05= 3.42
May

9

3.12±0.07b

0.90±0.19ab

50.40±0.96b

14.53±3.43ab

0.097±0.005bc

0.018±0.002bc

2.28±0.06cd

0.99±0.24a

June

9

4.04±0.2a

1.14±0.20a

56.31±1.06a

20.47±2.88a

0.135±0.006a

0.030±0.002a

3.16±0.12a

1.11±0.27a

July

9

3.08±0.04b

0.88±0.19ab

47.07±0.5c

12.70±1.58ab

0.134±0.006a

0.036±0.002a

2.89±0.12ab

0.70±0.13ab

August

9

2.98±0.07b

0.72±0.05ab

46.93±0. 4c

12.53±2.44ab

0.117±0.020ab

0.029±0.002ab

2.52±0.10bc

0.54±0.04ab

September

9

2.53±0.05c

0.68±0.04ab

43.98±0.3d

11.76±0.74ab

0.078±0.005cd

0.025±0.003abc

1.84±0.18de

0.53±0.04ab

October

9

1.97±0.04d

0.51±0.03b

38.97±0.4e

7.82±0.62b

0.065±0.005d

0.016±0.002c

1.56±0.10e

0.30±.0.03b

Q.05= 4.21
*Different letters in the same column indicate statistically significant differences among parameters (N, C, S and P) for the mean of both altitudes and
months. Means followed by the same letter are not significantly different at the  OHYHO XVLQJ 7XNH\¶V +6' WHVW

altitudinal gradient and the growing season
significantly affected the N, C, S and P (g dm-2)
contents (Table 2A and 2B). The N, C, S and P
contents increased with increasing altitude. While
the highest N, C and P contents were observed in
June, the highest S content was determined in July.
The lowest values of these elements were found in
October (Figure 2A, 2B and Table 1C).

There were notable differences (P < 0.01) in
N, C, P and S (%) concentrations of linden in terms
of months. Depending on altitudes, only P (%)
concentration showed a difference (P < 0.05) (Table
1A and 1B). The N, C, S and P concentrations
increased with increasing altitude. N, C, P and S
(%) concentrations were higher in June and lower in
October (Figure 1A, 1B and Table 1C). Both the

FIGURE 1A
Nitrogen, carbon, sulphur and phosphorus (%) concentrations in leaves of Tilia rubra
subsp. caucasica depending on altitudes.
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FIGURE 1B
Nitrogen, carbon, sulphur and phosphorus (%) concentrations in leaves of Tilia rubra
subsp. caucasica depending on months.
.
TABLE 2A
The comparison of the monthly changes in N, C, S and P (g dm-2) values of Tilia rubra
subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square
F
Sig.
Squares
Between Groups
Within Groups
Total
Between Groups
C
Within Groups
Total
Between Groups
S
Within Groups
Total
Between Groups
P
Within Groups
Total
*P< 0.05 **P< 0.01
N

2.108
8.827
10.935
775.521
2128.835
2904.356
0.003
0.003
0.006
4.192
11.483
15.674

5
48
53
5
48
53
5
48
53
5
48
53
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0.422
0.184

2.292

0.060*

155.104
44.351

3.497

0.009**

0.001
0.000

7.787

0.000**

0.838
0.239

3.504

0.009**
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TABLE 2B
The comparison of the elevation gradients in N, C, S and P (g dm-2) values of Tilia rubra
subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square
F
Sig.
Squares
Between Groups
N
Within Groups
Total
Between Groups
C
Within Groups
Total
Between Groups
S
Within Groups
Total
Between Groups
P
Within Groups
Total
*P< 0.05 **P< 0.01

5.696
5.239
10.935
1465.257
1439.099
2904.356
0.003
0.003
0.006
7.092
8.583
15.674

2
51
53
2
51
53
2
51
53
2
51
53

2.848
0.103

27.726

0.000**

732.629
28.218

25.964

0.000**

0.001
0.000

19.175

0.000**

3.546
0.168

21.070

0.000**

TABLE 2C
Comparison of green and senesced leaves of Tilia rubra subsp. caucasica on the basis of nitrogen,
rSE).
carbon, sulphur and phosphorus across all the altitudes by using One-Way ANOVA (Meanr
Parameters
n
Green Leaves
n
Senesced Leaves
N (%)
45
3.15±0.08NS
9
1.97±0.045**
F-value
1.420
14.818
C (%)
45
48.94±0.7NS
9
38.97±0.4**
F-value
1.075
12.753
S (%)
45
0.11±0.004NS
9
0.06±0.005**
F-value
0.793
15.200
P (%)
45
2.54±0.08**
9
1.56±0.104**
F-value
8.981
159.616
Q.05= 3.44
Q.05= 4.34
-2
N (g dm )
45
0.86±0.07**
9
0.52±0.03**
F-value
40.124
18.290
C (g dm-2)
45
14.40±1.13**
9
7.82±0.62**
F-value
42.036
38.775
45
0.028±0.001**
9
0.017±0.002**
S (g dm-2)
F-value
24.014
14.376
P (g dm-2)
45
0.77±0.08**
9
0.30±0.03**
F-value
26.571
102.245
Q.05= 3.44
Q.05= 4.34
*P< 0.05 **P< 0.01 NS: Not Significant
The differences in N, P and pH values of soils
according to both altitudes and months were
suggestive. The highest soil N and P values were
0.30 and 0.31% at 330 m, respectively; the lowest N
and P values were 0.16 and 0.24 % at 974 m,
respectively. The soil N and P concentrations were
higher in October, while the soil N and P were
lower in June. N (%), P (%) and pH values
decreased with increasing altitude. Soils in all
altitudes were acidic (Table 5A, 5B and 5C).

P-RP was remarkably varied with altitudes (P
< 0.01). However, there were no significant
differences in N-RE, N-RP and P-RE (Table 3A).
N-RE and P-RE increased and N-RP and P-RP
decreased with increasing altitudes (Table 3B).
Statistically significant differences (P < 0.01) were
found in SLA (dm2 g-1) values in terms of months
and altitudes (Table 4A and 4B). SLA increased in
parallel with the altitudinal changes. The measured
SLA values according to different altitudes and
months are demonstrated in Table 4C.
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TABLE 3A
The comparison of the elevation gradients in N-RE, N-RP, P-RE, P-RP (%) values of
Tilia rubra subsp. caucasica by using One-Way ANOVA.
Parameters

N-RE

N-RP

P-RE

P-RP

Sum of Squares

df

Mean Square

F

Sig.

Between Groups

20.394

2

10.197

2.187

0.193NS

Within Groups

27.979

6

4.663

Total

48.373

8

Between Groups

0.087

2

0.044

4.080

0.076NS

Within Groups

0.064

6

0.011

Total

0.152

8

Between Groups

70.014

2

35.007

2.455

0.166NS

Within Groups

85.566

6

14.261

Total

155.580

8

Between Groups

0.172

2

0.086

17.795

0.003**

Within Groups

0.029

6

0.005

Total

0.201

8

*P< 0.05 **P< 0.01 NS: Not Significant

TABLE 3B
Nitrogen and phosphorus resorption efficiency and proficiency (%) in Tilia rubra subsp.
caucasica DFURVVDOOWKHDOWLWXGHVE\XVLQJ7XNH\¶V+6'WHVW
Altitudes
N-RE (%)
N-RP (%)
P-RE (%)
P-RP (%)
a
a
a
330 m
41.63±1.70
0.82±0.06
42.48±1.27
0.70±0.05a
a
a
a
679 m
41.74±0.04
0.66±0.06
47.12±0.88
0.56±0.02a
a
a
a
974 m
44.88±1.32
0.58±0.05
49.14±3.45
0.36±0.02b
Q.05= 4.34
*Different letters in the same column indicate statistically significant differences among parameters (N-RE, N-RP, P-RE and
P-RP) for the mean of both altitudes. Means followed by the same letter are not significantly different at the 0.05 level using
7XNH\¶V+6'WHVW

FIGURE 2A
Nitrogen, carbon, sulphur and phosphorus (g dm-2) contents in leaves of
Tilia rubra subsp. caucasica depending on altitudes.
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FIGURE 2B
Nitrogen, carbon, sulphur and phosphorus (g dm-2) contents in leaves of
Tilia rubra subsp. caucasica depending on months.

TABLE 4A
The comparison of the monthly changes in specific leaf area (SLA) values of
Tilia rubra subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square F
Sig.
Squares
SLA

Between Groups 1.683
Within Groups 3.457
Total
5.140

5
48
53

0.337
0.072

4.674

0.001**

*P< 0.05 **P< 0.01

TABLE 4B
The comparison of the elevation gradients in specific leaf area (SLA) values of
Tilia rubra subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square
F
Sig.
Squares
Between Groups 1.081
SLA
Within Groups 4.059
Total
5.140
*P< 0.05 **P< 0.01

2
51
53

1614



0.540
0.080

6.791

0.002**
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TABLE 4C
SLA (dm2 g-1) values of Tilia rubra subsp. caucasica depending on altitudes and months
E\XVLQJ7XNH\¶V+6'WHVW
n
SLA
330 m
18
1.60±0.05b
679 m
18
1.73±0.08ab
974 m
18
1.95±0.05a

Q.05= 3.42
Months

May
June
July
August
September
October

2.08±0.10a
1.58±0.06b
1.59±0.08b
1.66±0.06b
1.82±0.04ab
1.84±0.13ab

9
9
9
9
9
9

Q.05= 4.21
*Different letters in the same column indicate statistically significant differences among parameter (SLA) for the
mean of both altitudes and months. Means followed by the same letter are not significantly different at the 0.05
OHYHOXVLQJ7XNH\¶V+6'WHVW.

TABLE 5A
The comparison of the monthly changes in N, P (%) and pH values in soils of
Tilia rubra subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square F
Sig.
Squares
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

N

P

pH

0.234
0.243
0.476
0.029
0.075
0.103
2.362
3.278
5.640

5
48
53
5
48
53
5
48
53

0.047
0.005

9.250

0.000**

0.006
0.002

3.717

0.006**

0.472
0.068

6.916

0.000**

*P< 0.05 **P< 0.01

TABLE 5B
The comparison of the elevation gradients in N, P (%) and pH values in soils of
Tilia rubra subsp. caucasica by using One-Way ANOVA.
Parameters
Sum of
df
Mean Square F
Sig.
Squares
N

P

pH

Between Groups 0.191

2

0.096

Within Groups
0.285
Total
0.476
Between Groups 0.043

51
53
2

0.006

Within Groups
0.060
Total
0.103
Between Groups 3.070

51
53
2

0.001

51
53

0.050

Within Groups
Total
*P< 0.05 **P< 0.01

2.570
5.640

1615



0.022

1.535

17.108

0.000**

18.359

0.000**

30.468

0.000**
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Months

Altitudes

TABLE 5C
The comparison of the monthly changes and the elevation gradients in soil characteristics of
Tilia rubra subsp. caucasica E\XVLQJ7XNH\¶V+6'WHVW
n
pH
N (%)
P (%)
330 m
18 6.65±0.55a
0.30±0.02a
0.31±0.007a
679 m
18 6.44±0.51b
0.21±0.01b
0.27±0.008b
974 m
18 6.07±0.52c
0.16±0.01b
0.24±0.008c
Q.05= 3.42
May
9
6.67±0.08a
0.16±0.02bc
0.26±0.02ab
a
c
June
9
6.63±0.08
0.12±0.01
0.23±0.01b
ab
ab
July
9
6.39±0.10
0.23±0.02
0.28±0.01ab
ab
ab
August
9
6.33±0.06
0.24±0.01
0.27±0.007ab
b
ab
0.25±0.01
0.28±0.003ab
September 9
6.25±0.10
b
a
October
9
6.07±0.07
0.32±0.03
0.31±0.01a
Q.05= 4.21
*Different letters in the same column indicate statistically significant differences among parameters (pH, N, P)
for the mean of both altitudes and months. Means followed by the same letter are not significantly different at the
OHYHOXVLQJ7XNH\¶V+6'WHVW
In our study, there were notable seasonal and
altitudinal variations in N, C, P, S values (P < 0.01).
N, C, P and S concentrations increased in parallel
with the altitudinal changes. It may be caused by
the decrease of soil moisture along the elevational
gradient. In addition to this, another factor may be
that N and P mechanisms are activated [43]. The
high N content of high-altitude plants could be a
passive consequence of the lower degree of dilution
of thHSODQW¶V1FRQWHQWXQGHUFROGFRQGLWLRQVWKDQ
that under warm conditions, particularly if low
temperatures and short growing seasons restrict
shoot growth more than how much they restrict N
uptake by the roots, concentrating leaf N content at
high altitudes [40]. In addition, the high N content
could be also a result of the way high-altitude plants
adapt to low resource availability through higher
biomass allocation to the root system and increased
fine root production [38,44]. As for the recent
studies on this topic in last few years, Bilgin et al.
[19] reported that the foliar N and P concentrations
varied along the elevational gradient and significant
changes were observed along the topographic
gradient. Ozbucak et al. [38] pointed out that leaf N
and P concentrations were subjected to important
changes during the growing season and leaf P levels
also changed considerably along the altitudinal
gradient. Similarly, some researchers [41,45,46]
stated that N and P concentrations increased along
an elevation gradient. Zhao et al. [40] reported that
leaf C and N values decreased with increasing
altitude below 3000 m a.s.l., but increased above
3000 m a.s.l. In the present study, N, P, C and S
concentrations in the leaves of linden increased
until the mature period and then showed a decrease
after this period. This is probably due to the
resorption of N compounds (nitrate, ammonium,
and amino acids) and P compounds (nucleic acids,
phospholipids of membranes, Pi, ATP, and sugar
phosphates) from leaves of perennial plant parts at

DISCUSSION
SLA is the ratio of leaf area to leaf dry matter,
which is one of the most significant leaf
characteristics [37,38]. In our study, SLA values
significantly varied along with the altitudinal
gradient and the growing season. When evaluating
monthly changes of SLA, the highest value was in
May, then there was a decrease until September and
an increase after this month. When the plants
started to sprout, leaves were light, quite thin and
also contained the excess amount of water. SLA
values showed a decline until the beginning of
senescence depending on the nutrient and tissue
growth as a result of photosynthesis. The leaf
weight decreased because of the realization of
resorption in senescence. During this period, SLA
increased due to an expansion in leaf area in
parallel with the rainfall increase. Some researchers
[39] reported that SLA values showed a decrease
until October. In this study, SLA values increased
with increasing altitude. Similarly, Zhao et al. [40]
stated that SLA increased with increasing altitude
below 3000 m a.s.l.. Ozbucak et al. [38] pointed out
that the SLA showed changes with regard to the
topographic gradient and the growing season.
In this study, we found that N, C, P and S (%)
ranged from 1.97 to 4.04, 38.97 to 56.31, 1.56 to
3.16 and 0.06 to 0.14, respectively. N, C, P and S (g
dm-2) ranged between 0.51-1.26, 7.82-20.52, 0.301.20 and 0.016-0.036, respectively. N, P, C and S
levels in senesced leaves of linden were lower than
those in mature leaves. Similarly, Turkis and
Ozbucak [41] stated that nutrients in mature leaves
were higher than those in senescent leaves. Singh
[42] reported that in leguminous species, the foliar
nitrogen concentration in mature and senesced
leaves ranged between 2.08-2.26% and 1.14-1.45%,
respectively. The senescence period may give rise
to resorption.
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resorption proficiency was incomplete according to
the threshold values defined by Killingbeck [27] in
their study. Drenovsky and Richards [59] stated that
Chrysothamnus nauseosus subsp. consimilis and
Sarcobatus vermiculatus were proficient at
resorbing N and P, respectively. Diehl et al. [60]
observed that Nothofagus antarctica and
Nothofagus pumilio were N-proficient and any of
these species was not P-proficient. High resorption
proficiency implies low concentrations because a
low N concentration in senesced parts is the
evidence of high proficiency, and vice versa [61].
Similar to the results of Tang et al. [57], N-RP and
P-RP decreased with the increase of altitude in our
study.
Soil N and P (%) concentrations varied along
altitudinal gradients and the growing period of
plants. Soil N, P and pH values decreased with
increasing altitudes. This may have been due to the
differences among the altitudes, temperature,
precipitation, soil nutrient content and other abiotic
factors [58]. Similar to the results of the study of
Koontz et al. [62], soil pH values significantly
changed along both altitudes and months in this
study. Soil nutrient content can also affect plant
nutrient resorption. In this report, soil N and P
concentrations negatively related to leaf N and P.
Leaf N, C, S and P of linden were negatively related
to soil pH, conforming to the research results by Liu
et al. [63]. Our results also showed that N-RP
increased and N-RE decreased with increasing total
soil N, while P-RP increased and P-RE decreased
with increasing total soil P. These complex
response models may reflect the various habitat
conditions such as soil water and temperature, total
soil nutrient level, and various plant species with
different green leaf nutrient levels, which will cause
different relative costs of nutrients withdrawn from
soil versus senescing leaves [57]. Although there
are many studies on this negative interaction
between nutrient resorption efficiency and soil
nutrient availability [64-66], there are also some
studies on a connection between soil fertility and
nutrient resorption. Aerts et al. [67] examined the
results of some studies on nutrient resorption with
relation to soil factor and concluded that nutrient
SUR¿FLHQF\SDWWHUQVVKRZDVWURQJHUUHODWLRQWRVRLO
fertility, which means one can find the highest
SUR¿FLHQF\LQDQLQIHUWLOHDUHD

the end of the mature leaf period [38].
Aerts [28] pointed out that the mean nutrient
resorption efficiency was 40-75% and 30-70% for
nitrogen and phosphorus in deciduous species,
respectively. N and P resorption efficiency was in
the range of 26-64% and 56-71% in deciduous
forests, respectively too [47-49]. N resorption
efficiency in some deciduous species such as
Quercus suber, Populus nigra, Frangula alnus,
Prunus spinosa, Corylus avellana, Quercus rubra,
Quercus petraea subsp. iberica, Clethra
brammeriana,
Populus
yunnanensis,
Alnus
nepalensis and Fagus orientalis was found to be
47.9, 62.6, 61.6, 24.3, 39.6, 70, 73.4, 10.2, 34.7,
17.7 and 28.3%, respectively [41,48,50-54]. P
resorption efficiency in some deciduous species like
Corylus avellana, Vibirnum acerifolium, Quercus
rubra, Nothofagus pumilio, Fraxinus excelsior,
Betula alnoides and Tilia cordata was estimated as
14, 37.2, 55, 43.8, 37, 25.4 and 59%, respectively
[45,48,51,54-56]. In this experiment, N and P
resorption efficiency average values are 42 and
46%, respectively; and they are consistent with
values observed in the literature for deciduous trees
[28]. These results indicate that linden effectively
resorbs N and P in all altitudes in general. The
greater resorption efficiencies for both nitrogen and
phosphorus in the present study in all altitudes
clearly indicate that plants growing on habitats
deficient in nitrogen and phosphorus have greater
efficiencies for nitrogen and phosphorus resorption.
The greater nitrogen and phosphorus resorption
efficiencies in the study suggest that effective
resorption is a mechanism in plants to overcome the
problem of nutrient poverty. Moreover, we found
that N-RE and P-RE show an increase with
increasing altitude, because the environmental
variables (e. g. climate and soil attributes) may
change in a more complex manner along elevation
[57], which is similar to the findings of the studies
of Kilic et al. [53] and Tang et al. [57] on changes
in NE and NP along the altitudes. Bilgin et al. [58]
claimed that water availability, timing of abscission,
leaf nutrient status, or shade could cause the
variations among resorption efficiencies.
Resorption proficiency is more effective than
resorption efficiency in determining nutrient
availability [36]. Killingbeck [27] reported that
during their senescence stages, if nitrogen and
phosphorus concentrations are below 0.7% and
0.05%, respectively, resorption is extremely
proficient in plants. In this study, we estimated that
N resorption proficiency values are averagely 0.6%.
Based on the threshold values [27], N resorption
proficiency is biochemically completed in linden.
However, P resorption proficiency ranges from 0.36
to 0.70%. According to the above values, linden is
not P-proficient, having values higher than 0.05% P
in senescent leaves of deciduous species. Similarly,
Kilic et al. [53] and Han et al. [13] pointed out that

CONCLUSION
Overall, both altitudinal changes and the
growing season significantly affected the leaf
nutrient dynamics, resorption, SLA, soil nutrient
contents and soil pH. The nutrient dynamics, SLA,
N-RE and P-RE increased with increasing altitude
while N-RP, P-RP, soil pH, N and P decreased with
increasing altitude. The SLA and nutrient dynamics
1617
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13411345.
[6] Gursoy, S., Kutbay, H.G., Kilic, D.D.,
Huseyinova, R., Bilgin, A. and Yilmaz, H.
(2013) Nitrogen and phosphorus resorption in
two wetland macrophytes. Pakistan Journal of
Botany, 45, 17071714.
[7] Ågren, G.I., Wetterstedt, J.Å.M. and Billberger,
M.F.K. (2012) Nutrient limitation on terrestrial
plant growth-modeling the interaction between
nitrogen and phosphorus. New Phytologist, 194,
953960.
[8] Sardans, J., Rivas-Ubach, A. and Penuelas, J.
(2012) The elemental stoichiometry of aquatic
and terrestrial ecosystems and its relationships
with organismic lifestyle and ecosystem
structure and function: a review and
perspectives. Biogeochemistry, 111, 139.
[9] Yan, Z., Kim, N., Han, W., Guo, Y., Han, T.,
Du, E. and Fang, J. (2015) Effects of nitrogen
and phosphorus supply on growth rate, leaf
stoichiometry, and nutrient resorption of
Arabidopsis thaliana. Plant and Soil,
388,147155.
[10] +XVH\LQRYD5.XWED\+*%LOJLQ$.ÕOÕo
' +RUR] $ DQG .ÕUPDQR÷OX &  
Sulphur and some heavy metal contents in
foliage of Corylus avellana and some roadside
native plants in Ordu province, Turkey. Ekoloji,
18, 1016.
[11] Wardlaw, I.F. (1990) Tansley Review No.27.
The control of carbon partitioning in plants.
New Phytologist, 116, 341381.
[12] 0DUVFKQHU 3   0DUVFKQHU¶V PLQHUDO
nutrition of higher plants. Academic Press, The
Netherland, Amsterdam, 651 p.
[13] Han, W., Tang, L., Chen, Y. and Fang, J. (2013)
Relationship between the relative limitation and
resorption efficiency of nitrogen vs phosphorus
in woody plants. Plos One, 8(12), e83366.
[14] Aerts, R. and Chapin, F.S. (2000) The mineral
nutrition of wild plants revisited: a re-evaluation
of processes and patterns. Advances in
Ecological Research, 30, 167.
[15] Blanco, J.A., Imbert, J.B. and Castillo, F.J.
(2009) Thinning affects nutrient resorption and
nutrient-use efficiency in two Pinus sylvestris
stands in the Pyrenees. Ecological Applications,
19, 682698.
[16] Lü, X.T., Freschet, G.T., Flynn, D.F.B. and Han,
X.G. (2012) Plasticity in leaf and stem nutrient
resorption proficiency potentially reinforces
plant-soil
feedbacks
and
microscale
heterogeneity in a semi-arid grassland. Journal
of Ecology, 100, 144150.
[17] Wang, Z., Lu, J., Yang, H., Zhang, X., Luo, C.
and Zhao, Y. (2014) Resorption of nitrogen,
phosphorus and potassium from leaves of
lucerne stands of different ages. Plant and Soil,
383, 301312.

significantly differed with respect to leaf growth
stage. The study also revealed that green leaf
nutrients are higher than in senescent leaf. As the
key strategy for plants responding to environmental
nutrient stress, nutrient resorption traits should be
influenced by factors that affect environmental
nutrient supplies. About half of the green leaf N and
P are resorbed before leaf abscission in linden.
Linden showed full resorption with respect to N
depending on threshold values as described by
Killingbeck [27]. The SLA and nutrient dynamics
decreased with increasing soil nutrient content. Soil
nutrient content can also influence plant nutrient
resorption. N-RE and P-RE decreased with
increasing soil total N and P, while N-RP and P-RP
increased. Furthermore, N-RE and P-RE increased
with increasing leaf nutrient content while N-RP
and P-RP decreased. These results support the
hypothesis that linden growing in N and P limited
areas (high altitudes) should have lower N-RP and
P-RP and higher N-RE and P-RE. Our finding can
improve the understanding of variations in N and P
resorption and their response to global change.
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properties and their low residence time in the body
to produce a high antibody response to peptides and
developing new vaccine models is one of the current
studies. The basis of developing new generation
vaccines is to identify and synthesize the antigenic
regions on the surface proteins of the pathogenic
organism. Microwave supported solid peptide
synthesis method used in this study allows these
immunologic series to be synthesized chemically [48].
Antigenic peptides are covalently bound to
water soluble linear polymers (Polyacrylic acid
(PAA), Poly (N-vinyl-2-pyrrolidone-co-acrylic
acid) (P(VP-co-AA), etc.) to form polymer-peptide
conjugates which in turn increases the
immunogenicity and the immunoactivity of the
antigenic peptides. These type of polymers work as
both a carrier and an adjuvant for the peptide
molecule. Binding synthetic peptides to natural or
synthetic macromolecules to form a conjugate is
practiced in medicine and biotechnology and can be
used in many important applications such as; drug
delivery systems, immobilizing enzymes, affinity
based immunoassay studies, synthetic vaccine
production. Binding peptides to polymer and/or
modifying them can benefit both in vivo and in vitro
applications [9-19].
The aim of this study is to conjugate synthetic
peptides with synthetic polymers via covalent
bonding and to investigate the physicochemical
structure of the water soluble polymer-peptide
bioconjugates synthesized in various ratios. In order
to accomplish these goals, bioconjugates were
synthesized with PAA a polyelectrolyte synthetic
polymer, which was covalently conjugated with
VKHHS SR[ GLVHDVHV¶ 3 PDMRU DQWLJHQV¶ -118
peptide series that was synthesized by us in prior
studies. These bioconjugates were formed in the
presence of water soluble cross-binder 1-ethyl-3-(3dimethylaminopropyl) carbodiimide hydrochloride
(EDC) with various peptide molar ratios and their
structures were analysed with GPC, Fluorescence
spectroscopy and ZetaSizer [3]. From the
synthesized bioconjugates, toxicity of the conjugate
with n=15 molar ratio was investigated comparative
to the peptide and the polymer with MTT (3-(4,5-

ABSTRACT
The aim of this study was to synthesize water
soluble conjugates with PAA polymer and synthetic
Sheep-SR[ YLUXVHV¶ -118 peptide series which
belongs to P32 major antigen. The synthesis of
conjugates
was
performed
with
various
concentrations of the components (n=1, 3, 5, 10, 15,
20). The synthesized conjugates were characterized
with Gel Permeation Chromatography (GPC),
ZetaSizer and fluorescence spectroscopy. Following
the analyses, the effect of n=15 conjugate on L929
mice fibroblast cells was investigated comparative
with free peptide and free polymer and its non-toxic
concentrations on the cell were established.
The obtained results showed that; the
conjugates were synthesized with high yield, all of
the peptide molecules have participated in
conjugation formation, the size of the conjugate
changes depending on peptide and polymer
concentration and the fluorescence intensity
decreases in every conjugation ratio. The results
indicate the conjugation reaction was performed
successfully and the n=15 conjugate was
biocompatible in every concentration studied.

KEYWORDS:
Sheep-pox (SP) disease, synthetic peptide, polymer,
conjugation, cytotoxicity

INTRODUCTION
Sheep-pox (SP) and Goat-pox (GP) and Lumpy
Skin Disease (LSD) viruses are members of the
Capri-pox virus genus of the Poxviridae family.
These viruses lead to the formation of skin lesions
and scars, reduction of milk production, reduction in
weight gain, increase in the premature birth,
decrease in wool quality, infection of the respiratory
tract of the cattle, sheep, goats [1,2]. P32 protein is a
structural protein contains immunogenic regions and
found in all Capri-pox viruses [3].
Binding synthetic peptides to polyelectrolytes
in order to increase their weak immunologic
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water and it consisted of 50 mM phosphate and 150
mM sodium chloride, the final pH of the buffer
solution was 7.2. For preventing biological
degradation of the columns 0.05% NaN3 was added
to mobile phase and this phase was filtered through
 ȝP 0LOOLSRUH FHOOXORVH QLWUDWH ILOWHU DQG
degassed before use.

dimethylthiazol-2yl)-2,5,
dipehnyltetrazolium
bromide) method on L929 fibroblast cell lines.

MATERIALS AND METHODS
Materials. 92-118 synthetic peptide series
from major antigen P32 of Sheep Pox Virus
(EAKSSIAKHFSLWKSYADADIKNSENK, NH2Glu - Ala - Lys - Ser - Ser - Ile - Ala - Lys - His - Phe
- Ser - Leu - Trp - Lys - Ser - Tyr - Ala - Asp - Ala Asp - Ile - Lys - Asn - Ser - Glu - Asn - Lys -COOH)
was obtained with solid phase peptide synthesis
(SPSS) in our previous studies [20]. Polyacrylic acid
(PAA) polymer which was used as carrier, the cross
binder 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) and [3-(4,5- Dimethylthiazole-2-yl)2,5-Diphenyltetrazolium Bromide] (MTT) dye were
obtained from Sigma, disodium hydrogen phosphate
(Na2HPO4) sodium hydroxide (NaOH), sodium
chloride (NaCl) were obtained from Fluka, sodium
dihydrogen phosphate (NaH2PO4) and hydrochloric
acid (HCl) were obtained from Riedel-de Haën.
Ultra-pure water obtained from Milipore MiliQ
Gradient system was used for solution preparations.

Fluorescence Spectroscopy Characterization of Peptide Polymer Conjugates. Fluorescence emission spectra of peptide, polymer and
peptide-polymer conjugates were obtained through
QM-4/2003 Quanta Master Steady State
Spectrofluorometer
(Photon
Technology
International, Canada). Analysis were run in quanta
counting mode with a slit gap of 3 nm for excitation
and emission monochromators. Excitation was
performed in 270 nm. and spectra were measured
between 280-QP¶V
Particle Size Analysis of Peptide-Polymer
Conjugates. Particle size analysis of peptide, PAA
and polymer-peptide conjugates were done with
Dynamic Light Scatter Method via ZetaSizer Nano
ZS device (Malvern Instruments, UK) equipped with
4.0 mV He-Ne laser lamp (633 nm.) in 25°C with a
sensitivity of ± 0.1°C. The viscosity of the solvent
was 0.8872 cP and the refractive index was 1.330, all
of the samples were filtered through Sartorius 0.20
μm filter prior to analysis. All analysis were
performed in triplicates.

Synthesis of Peptide-Polymer Conjugates. In
this study PAA-peptide bioconjugates were
synthesised via 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide cross binder with varying component
ratios (npeptide/ nPAA(n)=1, 3, 5, 10, 15, 20). PAA
polymer was dissolved in 0.1 M phosphate buffer
solution and the pH was set to 5. In order to activate
the carboxyl groups of the polymer dehydrated EDC
was added in a 2:1 ratio [EDC:PAA] and mixed in
room temperature for an hour. After activating the
carboxyl groups of the polymer by EDC synthetic
peptide solutions prepared in 0.1 M phosphate buffer
solution with varying concentrations were added on
top of the polymer and the solutions were mixed
overnight at 4°C with magnetic stirrer. pH of the
solutions were set to 7 and they were mixed for
another 4 hours at 4°C.

Cell Viability Assays. Before starting
experiments, L929 fibroblast cells were detached
from the wells with 1X Trypsin. The centrifuged
cells (1000 rpm for 5 min) were suspended and
harvested in 96-well plates, 5000 cells/1 mL of
supplemented of 10% FBS phenol-free media
(DMEM for L929) and incubated at 37 °C,
humidified atmosphere for 48 h. Following to
incubation, different concentrations of peptide,
polymer and conjugate (1000 ȝg/mL, 500 ȝg/mL,
250 ȝg/mL, 125 ȝg/mL, 60 ȝg/mL, 30 ȝg/mL, 15
ȝg/mL) were put into each wells of the microplate.
After 48 hours, MTT solution was added into each
well and incubated for 4 hours. In order to detect the
formazan crystals 100 μL DMSO was added onto the
cells after 30 min. Then cell viability results were
obtained by using ELISA-reader at 570 nm.

Size Exclusion Chromatography (SEC)
Characterization of Peptide Polymer Conjugates.
Size exclusion chromatography (SEC) with a triple
detector (refractive index (RI, 660 nm), right angle
light scattering (RALS, 670 nm) and ultraviolet
detector (UV, 280 nm)) was used for analyses of
PAA, peptide and polymer-peptide conjugates.
Peptide, polymer and peptide-polymer conjugates
were separated by using A Shim-Pack Diol 300
column (500 mm length, 7.9 mm inlet diameter).
Known molecular weight and size polymer
standards also were used to calibration of the
column. Chromatographic separations were carried
out at room temperature, Phosphate-buffered saline
(PBS) was used as a mobile phase with a flow rate
of 1.0 mL/min. PBS was prepared using ultra-pure

RESULTS AND DISCUSSION
GPC Measurements. PAA-peptide conjugates
obtained in this study were initially investigated with
GPC method to obtain the yield of conjugation
reaction and to characterize the physicochemical
properties of the conjugates. GPC chromatograms
obtained from UV and light scatter detectors of
PAA, peptide and conjugates are shown in Figure 1.
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according to the ratio. UV chromatograms obtained
from GPC analyses of conjugates show a peak at the
minute where PAA leaves the column. However, the
area of this peak increases as the n ratio increases.
The change in the peak dependent to the component
ratios is given in Figure 2. Because PAA has low UV
absorption, the increase in peak area can only happen
due to peptides added to the structure of the polymer.
The important point of UV chromatograms is at the
minute where peptide is eluted there are no peaks for
any ratios for conjugates. It is also important to point
out the conjugate peak has a polydisperse structure
such as PAA. It can be observed from the light
scatter chromatogram of the conjugates, that they
give peaks at the same moments where PAA show
peaks and the area of these peaks increase
proportionally to the conjugation ratio. There are no
other peaks observed in light scatter chromatograms.
The increase of light scatter peak area with the ratios
is shown in Figure 2.

Due to weak absorption that PAA has in UV region,
chromatograms obtained from UV detectors elute a
weak peak at 10th minute. Because the light scatter
detector is responsive to molecular weight, an
evident peak for PAA can be seen at the same
minute. However; it is important to specify that
because a PAA polymer with high polydispersity
was used, this peak of PAA has caused a trail which
is visible in the chromatogram. If the chromatograms
of the peptide are examined, it can be seen that the
peak for the peptide appear later compared to PAA
(at minute 23). Also because the peptide chain
contains amino acids such as tryptophan and
tyrosine, the peptide absorbs UV light which results
a clear peak in UV chromatogram. Because it has a
low molecular weight, the peptide shows peaks in
light scatter detector chromatogram.
PAA and peptide conjugates with varying
ratios of n were prepared with constant PAA
concentration and increasing peptide concentrations

FIGURE 1
GPC chromatograms of peptide, PAA and PAA-peptide conjugates (n=1, 3, 5, 10, 15, 20) acquired
from UV (a) and light scattering (b) detectors

FIGURE 2
Peak areas of bioconjugates (n=1, 3, 5, 10, 15, 20) obtained from GPC chromatograms from UV and
light scattering detectors
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However, once the chromatograms are examined, it
can be seen that the retention duration for conjugate
does not vary according to PAA and there are no new
peak formations indicating that the peaks express the
formation of conjugates alone. Also, even if peptide
oligomers are formed, their possibility of binding to
PAA should not be neglected. For conclusion;
peptides have formed conjugates with PAA and the
total molecular weight of the conjugate and the
quantity of peptide within the structure has increased
proportional to the amount of peptide within the
mixture.

MW and polydispersity index (PDI) values
obtained through calculations done using
chromatograms are shown in Table 1. All of the
conjugates have a higher MW value compared to
PAA and this value increases proportionally to
conjugation ratios. All of the conjugates and PAA
have a high PDI value. PDI value vary as the
conjugation ratios change however a direct
correlation between the change of PDI values and
ratios has not been found.

TABLE 1
Molecular weight and polydispersity of PAA and
its conjugates with peptide obtained from GPC
chromatograms
n (ratio)
PAA
1
3
5
10
15
20

Mw (kDa)
71.0
96.5
109.8
282.7
265.0
294.6
322.4

Mn (kDa)
13.55
24.94
26.85
45.38
56.26
67.57
79.21

Particle Size Measurements. The particle size
measurements of polymer, peptide and the peptidepolymer conjugates are given in Figure 3. Due to
bioconjugation reaction taking place between the
carrier polymer and the biomolecule, which
covalently binds these molecules to each other, the
size of the conjugate is expected to be greater
compared to the molecular sizes of free carrier
molecule and free peptide. From Figure 3 it can be
seen that every ratio of conjugate has a larger ZAverage (Z-Ave) value compared to free peptide and
free polymer. Comparing conjugate sizes with each
other shows that; conjugates with n=1, 3, 5 ratios
have a molecular size that is proportional to the ratio
of their components while the molecular size
becomes reversely proportional to the ratio of the
components at the subsequent ratios (n=10, 15, 20).
The fact that the largest size was measured with ZAve at the ratio n=5 coincide with GPC results. The
increase of peak area obtained from GPC RALS
chromatograms at the same ratio and the 2-fold
increase in molecular weight match the particle size
analyses. However; the decrease observed in the
conjugate size at ratios n>5 (n=10, 15, 20) suggests
that the conjugates start to have a more compact
conformation [21].

PdI=Mw/Mn
5.24
3.87
4.09
6.23
4.71
4.36
4.07

If the data from GPC analyses are observed, it
is possible to say that all of the ratios of PAA and
peptides formed conjugation. The chromatograms of
conjugates show no peaks where peptides show
peaks meaning all of the peptides have gone through
conjugation reactions. The most important point to
keep in mind at this stage is; the -NH2 and -COOH
groups on the peptide, which are abundant on the
molecule, allow it to bind to PAA, but these groups
on the peptide can also bind with each other.
Meaning polydisperse peaks could represent both
PAA-peptide conjugate and the peptide oligomer.

FIGURE 3
Particle size of the peptide, PAA and bioconjugates (n=1, 3, 5, 10, 15, 20)
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FIGURE 4
Fluorescence spectra of the bioconjugates with peptide comparative with equal amounts of peptide in
every concentration

FIGURE 5
Fluorescence spectra of the bioconjugates (n=1, 3,
5, 10, 15, 20)

FIGURE 6
Cell viability graph for the polymer comparative
with various concentrations

Fluorescence Measurements. Fluorescence
spectra of the pure peptide, PAA and conjugates
formed with different ratios of the components (n=1,
3, 5, 10, 15, 20) are given in Figure 4. Peptides show
fluorescence properties due to amino acids such as
tryptophan (trp, W), tyrosine (tyr, Y) and phenyl
alanine (phe, F) that they contain [22]. A decrease at
the fluorescence intensity or a shift at the Omax value
of the synthetic peptide was expected because of its
conjugation with the polymer (PAA) and because of
the changes caused by aqueous environment
interactions [23,24].
Because the synthetic peptide series which
EHORQJV WR WKH VKHHS SR[ GLVHDVHV¶ YLUXV FRQWDLQV
these amino acids it shows fluorescence properties.
When the fluorescence spectra of the conjugates are
compared with the peptide and the polymer that form
the conjugate a major shift in Omax value was not
observed. However, a clear decrease was seen in the
fluorescence value as a result of peptide-polymer

conjugation which allowed polymer molecules to
surround the peptide molecule, isolate it which in
turn move the peptide to a hydrophobic
environment.
If the fluorescence spectra of the synthesised
conjugates are compared with each other it can be
seen that fluorescence intensity increases as the
peptide ratio increases which causes an increase at
the amount of peptide that take place in the reaction
and the amount of peptide that bind to the polymer
(Figure 5).
Determination of cell viability. The cell
viability graphs for the n=15 conjugate ratio from the
obtained peptide-polymer conjugates comparative
with the peptide and the polymer has been given.
As it can be seen in Figure 6, all of the polymer
concentrations studied have lowered the viability of
the cells than those of control. The viability of the
cells decreases 20% with 30 μg/mL polymer
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how much they decrease the viability of the cells has
not been found. This shows that the IC50 value is
above 1000 μg/mL. We believe that because the cell
viability is not inhibited more than 50% at all
concentration values measured, there is no problem
with using the sample at these concentrations.

concentration while the viability of the cells
decreases 50% with 1000 μg/mL polymer
concentration which indicates the viability of the
cells decrease as the concentration of the polymer
increases. When the IC50 value of the polymer was
examined, it was found that this value corresponds
to 1000 μg/mL. These data indicate that if the
polymer is applied with concentrations over 1000
μg/mL it becomes lethal for the cells.

CONCLUSION
In this study conjugations of Sheep-pox
YLUXVHV¶-118 peptide which belongs to P32 major
antigen and PAA polymer via water soluble crossbinder EDC with n=1, 3, 5, 10, 15, 20 ratios. The
physicochemical
characterizations
of
the
synthesized conjugates were done with GPC,
ZetaSizer, fluorescence spectroscopy. After the
physicochemical analysis were performed, viability
tests on L929 mice fibroblast cells for n=15
conjugate with comparison to free peptide and free
polymer.
The analysis show that conjugates were
synthesized successfully. Additionally, the cell
viability analyses showed that the cell viability was
over 50% in all concentrations with the analysed
conjugate. In this study, the conjugate of the
synthesized sheep-SR[ GLVHDVHV¶ DQWLJHQLF HSLWRSH
and PAA was obtained for the first time, which was
characterized and its non-toxic concentrations on the
cell were established. It is believed that non-toxic
conjugates can be used as a vaccine model in the
future studies.

FIGURE 7
Cell viability graph for the peptide
comparative with various concentrations
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Cell viability graph for the n=15 comparative
with various concentrations
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CALCINATION CONDITIONS ON 1,2-DICHLOROBENZENE
REMOVAL
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many countries on the emission standards of these
Cl-VOCs. Developing the advanced technique for
pollutants discharge has become one of the research
hotspot, which also attracted highly public attention
in recent years [3].
Several techniques (typically high temperature
combustion, hydrodechlorination, biological process,
photocatalytic degradation etc.) have been adopted
to address the issue of the Cl-VOCs atmospheric
release. However, direct thermal combustion of these
pollutants will be a waste of energy because of the
required high temperature (above 1100 °C).
Unexpected dioxins formation may occur during the
incineration process [4]. Activated carbon
adsorption followed by baghouse filtration just
transfers the contaminants from vapor phase to solid
phase, which cannot realise complete destruction of
Cl-VOCs [5, 6].
Nowadays, the catalytic oxidation of Cl-VOCs
to HCl, carbon dioxide and water vapor has been the
most preferred technique [7]. Catalytic oxidation
achieves the complete mineralization of organic
compounds under relatively low operation
temperature [8, 9]. VWTi catalysts, which are
previously designed for the control of NOx
emissions by selective catalytic reductions (SCR),
have been also proved active catalysts for the
decomposition of polychlorodibenzo-p-dioxins and
dibenzofurans
(PCDD/F),
polychlorinated
chlorobenzenes (PCBs), polyaromatic hydrocarbons
(PAHs) and CBs [10, 11]. Due to the lowered
activation energy, higher oxygen uptake and stronger
vanadia-support interaction, TiO2 becomes one of
the most extensively used supports with significant
effects on the activity for oxidation compared to
alumina, zirconia, and silica [9, 12]. V2O5 provides
the active site for catalytic oxidation. WO3 is doped
DV D SURPRWHU WR PRGL¿HG DFLGLF FKDUDFWHU RI WKH
surface and increased catalyst resistance to SO2
attack [13].
Previous studies have shown that the catalytic
properties are markedly influenced by various
parameters, such as preparation methods, the
concentration of the active component, and the shape

ABSTRACT
Vanadia and tungsten oxide supported on TiO2
(VWTi) catalysts with various TiO2 carriers or
calcination temperature and atmosphere were
prepared to remove 1,2-dichlorobenzene (1,2-DCBz)
between 150 and 300 ºC. The elemental analysis and
structural parameters of synthesized catalysts were
characterized using EDS, SEM, XRD and N2
physisorption. The results showed higher removal
efficiency (RE) could be achieved from nano-scale
TiO2 carriers (<5 nm) with larger specific surface
area and smaller pore size. However, the increased
calcination temperature (above 450 ºC) decreased
RE by causing the collapse of micropore structure,
resulting in agglomeration of the particle at higher
calcination temperature. To the best of our
knowledge, this is the first attempt to optimize the
catalytic activity for 1,2-DCBz oxidation under
different calcination atmosphere (air, O2, O2+100
ppm O3). The surface chemical properties were
analyzed by XPS. The transformation of V4+ to V5+
and the concentration of surface chemisorbed
oxygen had been highly promoted with the increase
of O2 content in calcination atmosphere. The
addition of O3 further improved the transformation
of V3+ to V4+, both increased the average vanadium
oxidate state and catalytic properties.

KEYWORDS:
VWTi catalysts;
Characterization.

Wetness

Impregnation;

Ozone;

INTRODUCTION
Incineration is progressively becoming the
prevalent technique for waste abating [1]. However,
chlorinated volatile organic compounds (Cl-VOCs),
such as chlorobenzenes (CBs), are inevitably formed
and pose significant threats to human health [2].
Stringent regulations have been implemented in
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of the catalysts [14-16]. Djerad et al even found the
increased vanadia loading not only caused the
sintering of the TiO2 support, but also enhanced the
transformation of anatase to rutile TiO2 [17]. In order
to examine the influence on removal activity of
VWTi catalyst, various TiO2 carriers and calcination
temperature or atmosphere during the catalyst
preparation process were systematically investigated
in this study.
1,2-dichlorobenzene (1,2-DCBz) was selected
as probe analyte due to its higher concentration in
industrial flue gas and structural similarity compared
with PCDD/F [18]. In addition, CBs may act as the
precursors of PCDD/F formation through
homogeneous or heterogeneous catalytic reaction
even though these compounds may present less
toxicity than PCDD/F [19]. In this study, various
characterization techniques were also employed to
investigate the physicochemical and structural
characteristics of the prepared VWTi catalysts.

QUANTACHROME, USA). The SBET was
calculated by Brunauer±Emmett±Teller (BET)
method with P/P0 between 10í8 and 1. The pore
distribution was obtained from desorption data by
Barrett±Joyner±Halenda (BJH) method.
In addition, the microscopic structures and
surface morphology were also detected by the highresolution scanning electron microscope (SEM, SU70, Hitachi, Japan). X-ray diffraction (XRD) patterns
were collected with a Philips X-ray powder
diffractometer (PANalytical-;¶3HUW352+ROODQG 
X-ray photoelectron spectroscopy (XPS)
analysis were employed to analyze the
crystallization and the surface atomic state of
FDWDO\VW ZLWK $O .Į ;-rays (Thermo ESCALAB
250Xi), respectively. XPS data analysis was
performed using an XPS-Peak program, and the
spectra
were
fitted
with
the
optimal
Gaussian/Lorentzian ratio after subtracting a
Shirley-type baseline. All the binding energies were
calibrated by using C ls (284.8 eV) as a reference.

MATERIALS AND METHODS

Catalytic Oxidation System. Catalytic activity
tests were carried out at ambient pressure in an
experimental system depicted in Fig. 1. The 1,2DCBz standard solution was purchased from Aldrich
(Shanghai Hushi Laboratorial Equipment Co., Ltd).
1,2-DCBz was continuously fed into the reactor
system by introducing N2 stream through a saturator
maintained at 40 °C. All experiments were carried
out in a horizontal quartz tube, single-pass fixed-bed
reactor (44 cm length, 17.5 mm i.d.), with a sieve
plate in the middle. The reactor was then installed in
an electric furnace with heating system. The reaction
temperature was monitored by a K-type
thermocouple projecting into the catalyst bed. The
entire gas path was wrapped with heat preservation
jacket and heated to 80 °C in case of 1,2-DCBz
adsorption on the tube. The feed rates of mixed gases
were controlled by mass flow meter controllers
(MFCs, CS200, Sevenstar Electronics Co., Ltd.)
with 11 vol.% O2 + 89 vol.% N2 and a total
volumetric flow of 200 mL min-1(calculated at
atmospheric pressure and room temperature),
corresponding to a gas hourly space velocity (GHSV)
of 12000 h-1.
After reaching the reaction temperature, the
reactant gases were injected to start the oxidation
reaction. The exhaust gas was adsorbed by ethanol.

Catalyst Preparation. The vanadia and
tungsten loading in all catalysts were fixed to 1 wt. %
V and 6 wt. % W hereinafter. Amounts of
ammonium
metavanadate
and
ammonium
metatungstate were firstly dissolved in distilled
water. These aqueous solutions were heated slowly
with adding oxalic acid until all precursors were
completely dissolved. All catalysts were prepared by
impregnating various TiO2 carriers as listed in Table
1, and then stirred and heated (60 °C) until all water
was evaporated. The obtained materials were dried
overnight in an oven at 105 °C, and then slowly
heated to selected temperature and calcined in
corresponding atmosphere.
Catalyst
Characterization.
The
physicochemical properties of catalysts were
characterized with the following methods. Elemental
analysis was performed to show V, W and Ti
contents on all samples using X-ray Energy
Dispersive
Spectroscopy
(EDS,
EDAXGENESIS4000, USA).
The structural parameters of specific surface
area (SBET) and porous information of the catalysts
were determined by N2 physisorption (AUTOSORB,

Carriers
TiO2-1
TiO2-2
TiO2-3
TiO2-4

TABLE 1
The characteristic of TiO2 carriers applied in this study.
Purity
Grain size
BET surface area (SBET)

<5 nm
200 m2 g-1

QP
210 m2 g-1

15~25 nm
120 m2 g-1

Non-nanoscale particle
50 m2 g-1
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FIGURE 1
Schematic diagram of the experimental system.
(1, O2; 2, N2; 3, 1,2-dichlorobenzene solution; 4, Oil-bath; 5, Silica wool; 6,
Catalyst; 7, Ethanol; 8, Ice-bath)
TABLE 2
Characteristics and catalytic performance of synthesised catalysts based on various TiO 2 carriers.
Catalysts
A1
A2
A3
A4

V

W

˄wt.%˅
1.3
6.8
0.79 6.48
1.01 6.15
0.99 6.17

Ti

SBET

Vtot

D

Removal efficiency ˄%˅

57.48
56.5
58.6
59.65

˄m2 g-1˅
90.37
77.52
61.8
9.29

(cm3 g-1)
0.21
0.35
0.34
0.14

(nm)
9.07
18.13
22.21
57.63

150 °C
42.10
35.75
26.56
15.13

େ ିେ౫౪
େ

ൈ ͳͲͲΨ

Eq. (1)
Where Cin was the concentration from
generator; Cout was the concentration in ethanol.

RESULTS AND DISCUSSION
Effect of Various TiO2 Carriers on 1,2-DCBz
Removal. Even though there are different catalyst
preparation methods, the obtained microstructure is
highly dependent on the applied TiO2 carriers.
Normally, the mass of TiO2 carriers account for the
most part of the VWTi catalysts. Thus, the price of
various TiO2 carriers should be considered for cost
saving during catalyst preparation. Four kinds of
1631


250 °C
84.02
82.10
72.10
53.89

300°C
92.44
92.33
87.96
57.66

TiO2 carriers were selected in this section to explore
their RE in 1,2-DCBz. All catalysts were calcined at
450 °C in ambient atmosphere. A1-A4 represented
the TiO2-1 to TiO2-4 applied in catalysts (Table 1),
respectively.
It has been extensively accepted the pore
properties of catalysts play an important role in
catalytic oxidation reaction. The characterization of
constituent concentration, SBET, total pore volume
(Vtot), and average pore diameter (D) were listed in
Table 2. The results showed slight differences
between the measured and intended vanadium and
tungsten contents in all laboratory-prepared catalysts.
However, the SBET of the catalyst was significantly
lower than that of corresponding TiO2 carriers. This
phenomenon could be ascribed to the inclusive
vanadium oxide and tungsten oxide had blocked
micropores in the carriers or even encouraged
sintering of the smaller pores [20]. The SBET of other
metal oxides deposited on TiO2 presented similar
surface characteristics in previous study [21].
The SBET of applied TiO2 was larger in A2 (210
m2 g-1) than in A1 (200 m2 g-1). Conversely, the
prepared catalyst of A2 (77.52 m2 g-1) was relatively
lower in SBET result of A1 (90.37 m2 g-1). This may
be related to the pore size distribution, namely lower
pore diameter was beneficial for achieving higher
SBET. Additionally, the V concentration was also
higher in A1 (1.30 wt.%) than A2 (0.79 wt.%), which
means TiO2-1 increased the dispersion of the VOx
species. This promoting dispersion of the active

The RE was obtained after 30 min of reaction time
on stream at each temperature. Blank experiments
(without loading catalysts) conducted in the 100400 °C temperature range indicated no gas-phase
homogeneous or catalytic reactions occur. Analysis
of the 1,2-DCBz were performed off-line with a gas
chromatography (GC 6890A, Agilent) coupled with
an electron capture detector (ECD) and a 30 m DB5 column. At each reaction temperature, the
concentration of 1,2-DCBz in the mixed steam was
calibrated 170 ppm with less than 2 ppm deviation in
outlet concentration over 30 min.
The RE (Ʉ୰ ) is defined by the following Eq. 1:
Ʉ୰ ൌ

200 °C
58.29
52.63
43.21
29.96
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Normally, the oxidation of 1,2-DCBz on the
catalysts can be divided as follows: (1) the aromatic
compound was firstly adsorbed by a nucleophilic
attack on the chlorine position, and (2) the following
catalytic oxidation of the remaining aromatic ring
[22]. A4 presented the lowest RE among the four
catalysts at 150-300 °C, only achieved 57.7% at
300 °C. The main reason may be ascribed to the
application of non-nanoscale TiO2 carrier in A4,
which produced the weakest adsorption ability.
Hence, it is crucial for a catalyst to hold strong
adsorption ability for realising high RE. The
microstructure characteristic played a critical role in
the adsorption ability of catalyst. The particle
reunion phenomenon on the fresh catalyst (A4)
posed a negative impact on the removal property.
Even though there are no big differences
between TiO2-2 and TiO2-3 on grain size and purity,
the SBET of TiO2-2 was obviously higher than TiO23. Thus, A2 exhibited higher RE than A3 during the
whole temperature range (150-300 °C). The above
results showed the microstructure of carriers played
a significant role in removal activity.

phase on a highly porous and surface area support
will finally result in higher RE advantages as shown
in Table 2. A1 showed the highest RE among the
four catalysts in the whole reaction temperature
window.
In many ways, metal oxide-support interactions
will strongly influence the catalytic activity. SEM
shows mainly morphological information with
magnification ranging from 200 to 50,000. The
micrographs obtained by SEM (Fig. 2) at 10,000
magnification showed significant differences
between A4 and the other three catalysts. There was
a marked particle reunion phenomenon in A4.
However, there were no obvious differences
observed among A1, A2 and A3. All of them had
optimal particle distribution, even though the
obtained average particle size was slightly different
(A1<A2<A3). Additionally, they also had developed
pore structure without collapse. SEM showed that
the grain sizes of VWTi catalysts were evidently
decreased with the addition of TiO2-1. The above
results indicated that TiO2-1 performed as the best
dispersing agent to prevent agglomeration of TiO2
and V2O5, resulting in a better dispersion of the VOx
species and high active surface area.

FIGURE 2
SEM images of fresh catalysts prepared by various TiO 2 carriers.
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TABLE 3
Characteristics and catalytic performance of synthesised catalysts at different calcination temperatures.
Vtot
D
Removal efficiency ˄%˅
V
W
Ti
SBET
Catalysts
˄wt.%˅
˄m2 g-1˅ (cm3 g-1)
(nm)
150 °C
200 °C
300 °C
B1
1.03
6.2
59.83
77.52
0.35
18.13
42.50
80.66
96.23
B2
0.97
5.81
60.12
76.45
0.34
18.16
35.39
76.73
87.43
B3
1.12
6.27
59.61
74.02
0.33
18.3
23.74
65.29
83.66
The prepared catalysts calcined at 450, 500 and
550 °C were referred to B1, B2 and B3, respectively.
Table 3 summarizes the structural parameters of the
laboratory-prepared VWTi catalysts under different
calcination temperatures.
The average pore diameter (D) increased from
18.13 nm to 18.3 nm with the increasing calcination
temperature. On the contrary, SBET and Vtot decreased
when the calcination temperature increased from 450
to 550 °C. The above results were in good consistent
with the experiments conducted by Li et al. [26]. The
material grain size would gradually grow up with the
increase of the calcination temperature. Micropores
and mesopores were plugged or sintered by the
thermal effect, resulting in agglomeration of the
particle at the higher calcination temperature. Finally,
the SBET of catalyst was reduced, and then led to poor
removal performance.
Table 3 also showed RE of synthesised
catalysts at different calcination temperatures. The
VWTi calcined at 450 °C showed the best removal
activity in a wide reaction temperature of 150-300 °C.
The catalysts calcined at higher temperature resulted
in the decrease of removal activity.

Higher specific surface area and smaller average
pore diameter were beneficial for achieving higher
RE of 1,2-DCBz. Furthermore, TiO2 with larger
surface areas will enhance dispersion of the active
component and offer more active sites for reaction
[13, 23].
There was no significant difference between A1
and A2 in RE, basically similar when the
temperature was above 250 °C. Murillo et al.
revealed that organic pollutants were inclined to be
absorbed by the catalysts whose average pore
diameter was close to the molecular size of target
molecules [24]. The molecular size of 1,2-DCBz is ~
1 nm. Hence, the average pore diameter of prepared
catalysts should be close to 1 nm to the greatest
extent. This may be another reason for A1 holding
the highest RE with the lowest pore diameter.
However, the price of TiO2-1 is more than ten times
higher than TiO2-2. Thus, TiO2-2 holds preferable
advantage in view of cost saving during industrial
application.
Influence of Calcination Temperature on
1,2-DCBz Removal. Active components are
obtained by thermal degradation of precursors
during calcination process. Meanwhile, the
calcination process will not only evaporate volatile
components and chemical combined water, but also
achieve stable structure of catalysts. Furthermore,
Djerad et al. suggested that the staged calcination
procedure could achieve the desired pore size
distribution [17]. The SBET, crystallite size, oxidation
valences and the catalytic activities are strongly
dependent on the calcination temperature. TiO2anatase has been broadly applied in industry as an
optimal carrier in various catalysts. However, high
calcination temperatures (>600 °C) will make TiO2anatase transform into a more stable rutile phase due
to its metastablity [25]. Moreover, industrial
municipal solid waste incinerators may appear
unsteady operation conditions, resulting in the
structural transformation or even deactivation of
catalysts. Hence, it is crucial to investigate the
reactive characteristics of VWTi catalysts calcined at
different temperatures.
The V and W loading content were still
constant in all catalysts, namely 1 wt.% and 6 wt.%,
respectively. TiO2-2 was applied on account of its
relatively lower price and higher catalytic activity.

Influence of Calcination Atmosphere on 1,2DCBz Removal. There are few literatures involved
the influence of calcination atmosphere on removal
activity during the catalyst preparation. Due to the
tremendous oxidation ability, ozone was utilized in
many fields. In this study, the prepared catalysts
calcined at ambient air, O2 and O2+100 ppm O3 were
referred to C1, C2 and C3, respectively. TiO2-1 was
applied on account of its highest RE. As shown in
Table 4, very limited effect was elicited on the
structure parameters from different calcination
atmosphere.
The XRD profiles of VWTi catalysts were
investigated for exploring the alterations of VWTi
catalysts structure under different calcination
atmosphere. The only peaks detected during the
XRD characterization were the ones attributed to
anatase TiO2 carriers. Hence, there was no
transformation from anatase to rutile TiO2 under the
conditions employed in these studies. The XRD
analysis also revealed no obvious changes in the
relative intensity of the diffraction peaks, which
confirmed the stability of TiO2-1 during the
preparation process. There were no obvious signals
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transformation from V4+ to V5+ when the calcination
atmosphere was changed from ambient air to O 2.
And little V3+ was also developed to V4+, with the V
aos increased from 4.43 to 4.50. Accordingly, the
ratio of OĮ concentration was also increased. By
further adding 100 ppm O3 into O2 atmosphere, a
great transformation was observed from V 3+ to V4+,
meaning O3 can oxidize the lower valence of
vanadium oxide species. The V aos and OĮ
proportion both increased from C1 to C3. The shift
of the O 1s peak to a higher binding energy suggested
a weak interaction between metal atoms and lattice
oxygen, which could be beneficial for redox circle
and the oxidation of 1,2-DCBz.
Table 4 showed the 1,2-DCBz RE of VWTi
catalysts prepared from different calcination
atmosphere. C1 showed poor activity for the removal
of 1,2-DCBz at every temperature points (150300 °C) compared with C2 and C3. The RE of 1,2DCBz only reached 36.97% at temperature of 150 °C.
However, when the calcination atmosphere was
changed into O2, the removal activity increased
remarkably to above 44.95% (C2) and 48.82% (C3)
at 150 °C. All the REs were increased as the rising
reaction temperature. These all indicated that the
increased V aos and OĮ/(OĮ+Oȕ) could promote the
catalytic activity of 1,2-DCBz, which are
corresponding with the characteristic results.
This mechanism proceeds as follow: in the first
step, the vanadia phase provides its active lattice
oxygen atoms to oxidize the 1,2-DCBz following a
Mars and van Krevelen mechanism. The second step
is the regeneration of the reduced vanadia sites
(V4+Ox species) under oxidation of O2 and recovered
to V5+Ox species [28]. V5+ groups are more powerful
oxidants in catalytic oxidation. The formation of V5+
on the VWTi catalyst resulted in a higher catalytic
activity because of promotion of the electron
mobility and oxygen transfer.

of active phase in obtained diffraction data. The
above results mean that no big crystals were formed
and vanadia was well dispersed on the carrier surface.
Neither crystalline V2O5 nor rutile TiO2 phases could
be identified in these patterns. WO3 also presented
mainly as amorphous phase.
As a highly sensitive surface analysis technique,
XPS is applied for effective examining the chemical
state of all elements on the catalysts surface. The
binding energy of the V 2p3/2 core level depends on
the oxidation state of the V cation. Thus, curve fitting
of the V 2p3/2 XPS signal is used to analyse the
different vanadium states present in vanadium
oxides. The V 2p3/2 and O 1s XPS spectra of all
laboratory-prepared catalysts were analysed for
determining the vanadium oxidation state and
surface oxygen species, respectively. The obtained
data were summarized in Table 5.
The V 2p3/2 XPS spectra were wide and
asymmetric, demonstrating at least two V chemical
states existed according to the binding energy range
from 512.0 to 520.0 eV. The main contribution was
from V2O5. The other minor peaks for the V2O5/TiO2
catalyst surface could be assigned to V2O4 and V2O3.
Therefore, the V 2p3/2 XPS spectra were adjusted to
the three chemical states using Origin software based
on Gaussian rule. The binding energy references of
the V 2p3/2 line for identifying the vanadium average
oxide states (V aos) in the catalysts were calculated
based on the data. The O 1s spectra of catalysts are
fitted with two peak contributions. The peak with a
binding energy of 529.6~530.0 eV is attributed to the
lattice oxygen (hereinafter denoted as Oȕ). Another
peak at around 531.3~531.7 eV belongs to the
surface chemisorbed oxygen (OĮ) resulting from the
adsorbed oxygen and weakly bonded oxygen species.
It is reported that the concentration of surface oxygen
species plays a significant role in the catalytic
oxidation [27].
As shown in Table 5, there was an obvious

TABLE 4
Structural parameters and catalytic performance of the prepared catalysts under
different calcination atmosphere.
SBET
Vtot
D
Removal efficiency ˄%˅
Catalysts
˄m2 g-1˅
(cm3 g-1)
(nm)
150 °C
200 °C
250 °C
300 °C
C1
90.37
0.21
9.07
36.97
57.01
82.35
91.93
C2
90.42
0.20
9.06
44.95
69.85
89.77
97.79
C3
90.65
0.21
9.16
48.82
72.36
90.21
98.28

Catalysts
C1
C2
C3

TABLE 5
Quantitative results of XPS analysis of prepared catalysts.
V5+ (%)
V4+ (%)
V3+ (%)
V aos
65.67
11.95
22.39
4.43
70.80
8.57
20.63
4.50
71.89
20.91
7.20
4.65
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The REs of C2 and C3 have become basically
equal at higher reaction temperature. The main
reason can be ascribed to the nearly unchanged V5+
concentration between C2 and C3. The addition of
100 ppm O3 only transformed V3+ to V4+ and
increased the V aos. But V5+ groups are more
powerful oxidants leading to enhanced catalytic
reactions, and are a significant factor in catalytic
oxidation. However, only V5+ played an efficiently
catalytic activity. In addition, the O3 tended to be
decomposed under higher temperature. Thus, O3
may only has an effect during the slowly warming
period and after natural cooling segment. These two
points induced the catalytic property was improved
but not obvious with the addition of O3 in the
calcination atmosphere.
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of nanomaterials are very important for the
performance and property in specific application.
Meantime, studies have shown that the Co3O4
nanostructures have outstanding properties that are
superior to their bulk counterparts. In recent years,
lots of research works were focused on designing
effective
methods
to
synthesize
Co3O4
nanomaterials with controllable nanostructures,
including nanosheets, nanocubes, nanotubes,
nanoboxes,
and
nanobelts
such
as
hydrothermal/solvothermal method [8], sol-gel
method [9], microwave-assisted process[10],
thermal decomposition [11] ˈ chemical vapor
deposition [12], template synthesis [13],
electrochemical synthesis [14], precursor conversion
processes [15], and soft-chemical growth routes [16].
For fabrication, the nanomaterials with
different structures and morphologies, the ecofriendliness and compatibility ways with utilizing
the natural and environmentally benign materials
have great vitality and exhibit broad application
prospect. MubarakAli et al. [17] synthesized the
silver and gold nanoparticles with the plant extract,
Mentha piperita (Lamiaceae). Huang et al. [18]
prepared Au@Pd core-shell nanoparticles (Au@Pd
NPs) with assisted of bayberry tannin (BT) in
aqueous solution at room temperature. The BT can
be served as a reducing agent and stabilizing agent.
Nadagouda et al. [19] fabricate core (Fe and Cu)shell (noble metals) metal nanocrystals with aqueous
ascorbic acid (vitamin C).
Polyphenols, widely exists in the fruit,
vegetable, tea and grains, are a structural class of
mainly natural organic chemicals characterized by
the presence of large multiples of phenol structural
units. In commonly, polyphenols exhibit a wide
range of biological effects as a consequence of their
antioxidant properties. Alam et al. [20] used the

ABSTRACT
Natural grape polyphenols has been used to
induce chemical attraction towards cobalt ions (Co2+)
and bring together square planar cobalt-grape
polyphenol complexes due to its extensive
polyphenolic ring system. By then, these complexes
can be formed spherical Co3O4 nanoaggregates with
direct decomposition at 500 °C in air. As prepared
Co3O4 nanoaggregates with assist of grape
polyphenol exhibited good catalytic effect for
degradation of organic dyes. With the
peroxymonosulfate (PMS) as oxidative activator and
the dye Orange II as model organic dye, the Orange
II in solution can be completely removed in the first
20 min, 25 min 35 min and 45 min at the initial
Orange II concentration of 0.1 mM, 0.2 mM, 0.3 mM
and 0.5 mM, respectively.

KEYWORDS: Grape polyphenols; Co3O4; Orange II;
PMS; Degradation

INTRODUCTION
Transition metal oxides, Co3O4, having a
spinel-type structure, in which Co(II) ions
tetrahedron surrounded by oxygen and Co (III) ion
octahedral surrounded by oxygen atoms. Due to its
controllable morphology and unique physical and
chemical properties, it is widely used for many
applications, e.g., heterogeneous catalysts [1], gas
sensors [2], Li-ion battery electrodes [3],
supercapacitors [4], magnetic materials [5],
photocatalysts [6], and solar energy absorbers [7].
As is well-known that the structure and morphology
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The precursor then was dried in vacuum at 60 °C for
12 h. After that, the resulting product was calcined
at 500 °C for 3 h in muffle furnace and the Co3O4
nanoaggregates were finally obtained.

coffee and tea extract to synthesis bulk quantities of
nanocrystals of noble metals, silver (Ag) and
palladium (Pd) nanoparticles. With the assist of
polyphenols from coffee and tea extract, the
nanoparticles can be crystallized in face centered
cubic symmetry with the size range of 20-60 nm.
Afterward, the polyphenols also can be used for
³JUHHQ´V\QWKHVLVRIAu and Ag nanoparticles-based
composites. Lately, Yuvakkumar et al. [21] found
that the polyphenol compounds of Nephelium
lappaceum L. peel-waste resources can be used to
fabrication of Co3O4 nanorods via cobalt-polyphenol
complex obtained by the complexing action.
Actually, natural grape polyphenols, extracted
from grape seeds, mainly consist flavonoid and nonflavonoid compounds. In fact, the phenolic hydroxyl
groups of polyphenol compounds can be utilized to
form stable complexes with metal ions such as
copper ions, zinc ions and others. Based on the
consideration, we reported a green method for the
synthesis of Co3O4 nanoaggregates by using natural
grape polyphenols extracted from grape skins and
grape seeds. In addition, the catalytic performance of
the Co3O4 nanoaggregates was also investigated in
degradation of aqueous typical azo dye Orange II in
the presence of PMS.

Instruments and Characterization. The
samples were characterized by powder X-ray
diffraction (Bruker-D8) with Cu kĮ radiation
Ȝ  c . Thermogravimetric analysis (TGA)
was performed with Netzsch STA 409 PC/PG
thermal analyzer. Fourier transform infrared (FT-IR)
spectra were recorded on a Shimadzu FTIR-8400S
spectrometer. Raman spectrum measurement was
applied with a JobinYvonSpex 1403 Raman
spectrometer. Scanning electron microscopy (SEM,
JEOL JSM-5600LV) at an acceleration voltage of
20.0 kV and high-resolution transmission electron
microscopy (FE-HRTEM, JEOL JEM-2100F) at an
accelerating voltage of 200 kV were measured to
investigate the sizes and morphologies of the
samples. X-ray photoelectron spectroscopy (XPS)
was applied using an ESCALAB250 spectrometer
equipped with Al Ka (1486.6 eV) as the X-ray source.
Catalytic
Performance.
Orange
II
degradation tests were carried out in a 250 mL glass
vessels. In the typical reaction of Orange II
degradation with 0.1, 0.2, 0.3 or 0.5 mM, 0.05 g/L of
catalyst and 0.5, 1.0, 1.5 or 2.5 mM of oxone were
added. Commericial oxone can be used to generate
PMS, and 1 M oxone is necessary to release 2 M
PMS. Firstly, a certain amount of oxone was added
into the solution with a constant stirring of 15min at
25 °C in constant temperature water bath shaking
table. Then, the pH value of the reacting solution is
adjusted to 7 by saturated sodium bicarbonate
solution. Catalyst was added into the solution to start
the oxidation reaction of Orange II. Sample solution
(4 mL) were withdrawn by a syringe filter of 0.22
ȝP ILOWHU DQG WKHQ EH LQMHFWHG LQWR D VPDOO EHDNHU
mixed with isopyknic pure methanol to quench the
reaction. The concentration of sample was analyzed
using UV-vis spectrophotometer (UV2550,
Shimadzu) by measuring the maximum absorbance
band at 485.6 nm and record data at a 5 min interval.
And most of the experiments were conducted in
triplicate.

EXPERIMENTAL
Materials. Cobalt nitrate hex hydrate
(Co(NO3)2·6H2O) and natural grape polyphenols
were purchased from Aladdin Chemical Reagent Co.,
Ltd. (Shanghai, China). PMS, available as a triple
salt of sulfate commercially known as oxone
(2KHSO5·KHSO4·K2SO4, 4.5% to 4.9% active
oxygen), was obtained from Shanghai Ansin
Chemical Co. Ltd. Ultrapure water was used for all
experiments.
Synthesis of Co3O4 nanoaggregates.
Hydrothermal method was used to prepare the Co3O4
nanoaggregates. In brief, 2.5 g of Co(NO3)2·6H2O
was first dissolved in 20 mL of water to form a
homogeneous pink solution. Then, the natural grape
polyphenols water solution with a certain
concentration was gradually added into the above
solution. After stirring for 1 h at room temperature,
the mixture solution was then hydrothermally treated
in a Teflon lined stainless steel autoclave at 150 °C
for 8 h. The precipitate was collected by filtrating
and washed repeatedly with water and ethanol after
the mixture solution was cooled to room temperature.

RESULTS AND DISCUSSION
Synthesis of Co3O4 nanoaggregates.
Polyphenols are a structural class of mainly natural,
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but also synthetic or semisynthetic, organic
chemicals characterized by the presence of large
multiples of phenol structural units. There are a
number of phenolic antioxidants in natural grape.
The grape polyphenols mainly consist flavonoid and
non-flavonoid compounds. In fact, the phenolic
hydroxyl groups of polyphenol compounds can be
utilized to form stable complexes with metal ions
such as copper ions, zinc ions and others. As shown
in Fig. 1, with the interaction of cobalt ions (Co 2+)
and phenolic hydroxyl groups of grape polyphenols,
the cobalt±grape polyphenols complexes were
formed through complexation reaction with Co 2+
bridges. With the Co2+ fixed by polyphenolic ring
systems of grape polyphenols, the spherical Co3O4
nanoaggregates can be prepared with direct
decomposition of precursor for cobalt ions-grape
polyphenol complexes at 500 °C for 3 h.

Fresenius Environmental Bulletin

FT-IR spectrum of precursors for cobalt-grape
polyphenols complexes was basically the same as
grape polyphenols because of the complexation
reaction between phenolic hydroxyl groups and
cobalt ions. The absorption peaks of ±OHˈC-Cˈ
C=C and C-H vibrations still appeared in the Co3O4
nanoaggregates. It is attributed to the residual carbon
compounds of polyphenols in the final Co3O4
nanoaggregates. The strong peak observed in the
hydroxyl region of 3400-3500 cm-1may be due to the
phenolic ±OH groups, supporting the possible
mechanism of Co3O4 formation [21]. When the
cobalt ions were interacted with phenolic ±OH
groups, the stable complexes of grape polyphenols
and cobalt ions were formed. From the TGA and
DTG curves, as shown in Fig. 3a and 2bˈthe thermal
performance was significantly improved after the
formation of the complexes. In the mass loss
temperature around 300 °C, the percentage of
residual increased from ~ 80.7 to 86.4% after
introduction of cobalt ions. From the DTG curves
(Fig. 3b), the maximum decomposition temperature
also increased from 289 °C of grape polyphenols to
330°C of the precursors. The results demonstrated
the cobalt ions can be bonded with grape
polyphenols due to the acidic property of phenolic ±
OH groups. After calcination, the peaks of 663 and
576 cm-1 were attributed to the absorption
characteristic peaks of Co3O4 [23].

Characterizations of composites. FT-IR
spectra were used to characterize the combination of
cobalt ions (Co2+) and phenolic hydroxyl groups.
From Fig. 2, there is a strong peak of 3442 cm-1 in
the FT-IR spectra of grape polyphenols. It is
attributed to the stretching vibrations of phenolic
hydroxyl groups of grape polyphenols. The C±H
stretching vibrations of aromatics and alkanes were
located at 2920 and 2840 cm-1, respectively. The
peak at 1622 cm-1 was ascribed to the stretching
vibration of C=C groups of aromatic ring [22]. The

FIGURE 1
Co3O4 Nanoaggregatesformation mechanism with assist of natural grape polyphenols.
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FIGURE 2
FT-IR spectra for natural grape polyphenols, precursor and Co3O4 nanoaggregates.

FIGURE 3
TGA (a) and DTG (b) curves for natural grape polyphenol and precursor.

FIGURE 4
XRD pattern of Co3O4 nanoaggregates.
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FIGURE 5
XPS spectra of Co3O4 nanoaggregates. (b) Co 2p and (c) O 1s XPS spectra of Co 3O4 nanoaggregates.

The crystal structure of the as-prepared Co3O4
nanoaggregate was characterized by X-ray
diffraction (XRD), with the typical diffraction
pattern is shown in Fig.4. Obviously, the obtained
Co3O4 nanoaggregates exhibit the diffraction peaks
DWș ° (111), 31.08° (220), 36.7° (311), 44.67°
(400), 55.56° (422), 59.36° (511) and 65.13° (440),
which are attributed to the spinel phase of Co3O4[24].
The calculated lattice parameter for the Co3O4
nanoaggregates was found to be ~8.084 Å, which is
in good agreement with the Joint Committee on
Powder Diffraction Standards (JCPDS) card 421467. There are no characteristic peaks
corresponding to other cobalt oxides are detected,
indicating the high purity of the final samples. The
sharp diffraction peaks indicate that the as-prepared
product has good crystallinity. According to the line
width analysis of the diffraction peaks, the average
crystallite size of the Co3O4 particles were calculated
using Debye±Scherrer equation and was found to be
in the range of 6-10 nm for all the samples.
For further demonstrating the formation of
Co3O4 nanoaggregates, XPS measurements were
carried out to further confirm the chemical states of
element of Co3O4 (Fig. 5). The binding energies in
the XPS analyses were corrected for specimen
charging by referencing the typical C1s peak to
284.6 eV [25]. As shown in Fig. 5a, it is clearly that
the sharp peaks at 284.8, 531.0, and 780.8 eV are
attributed to the C 1s, O 1s, and Co 2p characteristic
peaks [26]. The Co 2p XPS spectra of the Co3O4

nanoaggregates exhibited two peaks at 795 and
780.1 eV, corresponding to the spin-orbit peaks of
Co 2p3/2 and Co 2p1/2, respectively [27]. The
presence of Co3O4 for the Co3O4 nanoaggregates can
be further determined by the O 1s XPS peak at 529.8
eV, which corresponds to the two oxygen species in
the Co3O4 phase (Fig. 5c) [28].

FIGURE 6
Raman spectra of Co3O4 nanoaggregates.
For further demonstrating the formation of
Co3O4, Raman spectrum was also used to
characterize the Co3O4 nanoaggregates. From Fig. 6,
the Raman spectrum for the Co3O4 nanoaggregates
shows five obvious Raman peaks located at 187, 467,
507, 608, and 671 cm-1. There are attributed to
typical F12g, Eg, F22g, F32g, and A1g Raman-active
modes of Co3O4, respectively [29]. However, it is
worth noting that there is an evident red-shift for
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whole wavelengths of five active modes compared
to the literature value of bulk Co3O4 obtained at
300 °C calcination temperatures. It is maybe
attributed to the effects of the agglomeration
aggregates of Co3O4 nanoparticles.
Successively, the morphologies for Co3O4
nanoaggregates were characterized by SEM and
TEM images. As shown in Fig. 7a and 7b, with assist
of grape polyphenols, the Co3O4 nanoparticles
assembled and formed into spherical Co3O4
nanoaggregates with size of ~600 nm. From inset
image of Fig. 7c, the sizes of irregular spherical
Co3O4 nanoparticles were ranged from ~10 to 30 nm.
Obviously, the Co3O4 nanoparticles aggregated and
assembled into hollow nanoaggregates with the
complexation action between grape polyphenols and
cobalt (II) ions during the synthesis process. Fig. 7d
displays the HRTEM image of Co3O4 nanoparticles
with spaced lattice fringe of 0.244 nm, corresponded
to the (331) plane of cubic Co3O4[30].

Fresenius Environmental Bulletin

respectively. The solution with a higher
concentration demand longer time to reach the
complete degradation of Orange II when others
parameters are uniform [31]. Compared to
commercial Co3O4, the Co3O4 nanoaggregates
showed good effect of Orange II degradation (Fig.
9a). As shown in Fig. 9b, the pure PMS and adjusted
PMS with NaHCO3 (pH=7) exhibited certain
catalytic effects for degradation of Orange II. When
Co3O4 nanoaggregates were introduced into the
catalytic system, the degradation of Orange II
obviously improved. It has been proposed that
activation of PMS was induced by redox reactions.
Transition of Co3+/Co2+ involving a single electron
transfer is responsible for catalytic reaction. For
Co3O4/Oxone, Co3O4 can induce the decomposition
of PMS and produce sulfate radicals as shown in the
following equations [32].
Co2+ + H22ĺ&R2++ + H+
(1)
+
+
í
±
CoOH + HSO5 ĺ&R2 + SO4 +2O (2)
CoO+ + 2H+ ĺ&R3+ + H2O
(3)
Co3+ + HSO5í ĺ&R2+ + SO5í++
(4)
SO4íOrange II ĺLQWHUPHGLDWHSURGXFWVĺ
CO2 + H2O
(5)
With the oxidation of Co(II) to Co(III), PMS
can be reduced to sulfate radical. The generation of
PMS radicals involves the reduction of Co(III) to
Co(II). Sulfate radical is the major strong oxidant for
degradation of organic dyes. Apart from the
experimental parameter, other factors were fixed: pH
= 7.0, [PMS] = 2 mM, [Co3O4 nanoaggregates] =
0.05 g/L and T = 25 °C.

Catalytic performance. As is well-known that
Co3O4 can be commonly used as catalyst for organic
dyes. Orange II was chosen as model organic dye for
determining the catalytic performance of Co3O4
nanoaggregates with PMS as oxidative activator
obtained by the assist of grape polyphenols. From
Fig. 8, the Co3O4 nanoaggregates exhibited good
catalytic performance for Orange II. The dye in
solution was completely removed in the first 20 min,
25 min 35 min and 45 min at the initial Orange II
concentration of 0.1, 0.2, 0.3 and 0.5 mM,

FIGURE 7
(a, b) SEM images for Co3O4 nanoaggregates with different magnification, (c) TEM image for Co3O4
nanoaggregates and (d) high resolution transmission electron micrograph (HRTEM) image for Co3O4
nanoaggregates.
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FIGURE 8
Ultraviolet-visible spectra of Orange II solution after different degradation times with different
initialconcentrations of Orange II, (a) 0.1 mM, (b) 0.2 mM, (c) 0.3 mM, (d) 0.5 mM

FIGURE 9
Comparison diagram of degradation performance for commercial Co 3O4 and Co3O4 nanoaggregates
with different initial concentration.

0.1, 0.2, 0.3 and 0.5 mM, respectively. Therefore, we
have reason to believe that the polyphenol can be
used for fabrication of nanomaterials with various
structures and high-performance for catalyst, energy
storage and electric battery, etc.

CONCLUSIONS
In conclusion, the Co3O4 nanoaggregates were
successfully prepared based on the complexing
actions between phenolic hydroxyl groups and
cobalt ions. Bridged with cobalt ions (Co2+), the
square planar cobalt-grape polyphenol complexes
were used as precursor for Co3O4 nanoaggregates by
direct decomposition at 500 °C in air. Used Orange
II as model dye, the Co3O4 nanoaggregates exhibited
good catalytic performance with the PMS as
oxidative activator. The Orange II solution can be
totally degraded in the first 20 min, 25 min 35 min
and 45 min at the initial Orange II concentration of
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Recently, Langeveld at all show that two
peptides from VP2 capsid of Canine parvovirus,
1L15 (MSDGAVQPDGGQPAV) and 7L15
(QPDGGQPAVRNERAT), with the partially
overlapping sequence have different potencies in
inducing virus-neutralizing antibodies, produce
good immune response in mice and immunogenic in
several animal species [5,6].
Conventional CPV vaccines are based upon
live or inactivated virus and recombinant vaccine
[7], in contrast to some disadvantage of these
vaccine, synthetic peptide vaccines are safe and easy
to produce [6]. However, synthetic peptides are
poorly immunogenic without adjuvant, in order to
elicit a higher immune response and improve the
efficiency of peptide-based vaccine, it is generally
necessary to use a carrier system such as protein,
polymer or nano-micro particles.
Nanoparticles (NPs) have been used as
adjuvants in vaccine [8] and have novel
physical/chemical properties as effective carriers
[9]. In recent years, PLGA and PLA (poly lactic
acid) micro-nanoparticles for administrations of
vaccine antigens have received much attention.
In particular, biodegradable PLGA based
polymeric nanoparticles are used as carriers for
controlled delivery and targeting of anticancer drugs,
analgesics, antibiotics and macromolecular drugs
such as proteins, peptides, genes, vaccines, antigens,
human growth factors, vascular endothelial growth
factors etc. [10,11]. In this respect, nanoparticular
carriers may offer some advantages for site-specific
delivery, an increased intracellular penetration, a
protection of the antigenic peptides against
enzymatic and hydrolytic degradation [12,13].
PLGA or poly(dl,lactic-co-glycolic acid) is
approved by Food and Drug Administration (FDA)
and widely used copolymer for therapeutic devices,
owing to its biodegradability and biocompatibility
[14].
Cell viability assays are widely used to evaluate
the safety of biologically applied materials [15].
Nanomaterials of the same composition would have
different biologic responses for different
morphologies. The advantages of the in vitro
approach includes simplicity, consistency of the
experimental setup, and the reproducibility of the

ABSTRACT
Canine parvovirus (CPV) is a viral disease
which is seen widely worldwide and infects puppies.
Current vaccines which developed against this
infection have several disadvantages. The antigenic
property of different peptide sequences on VP2
capsid protein which belongs to CPV has been
shown in different studies. However, carriers or
adjuvants are also required for peptide antigens
which have small molecular size and weak
immunogenicity.
Recently, nanoparticulate vaccine studies have
begun against variety of infectious diseases. But,
there is no vaccine study based on nanoparticle in
CPV infections. In this study, cytotoxicity of W1L19 peptide loaded poly(lactide-co-glycolide)
(PLGA) nanoparticle systems was examined for the
first time on mouse fibroblast L929 cell lines. A
microculture tetrazolium salt reduction assay was
used to determine the cellular toxicity of the CPV W1L19 synthetic peptide and PLGA nanoparticles
[empty (NP1), peptide loaded (NP2) and
peptide+FITC dye loaded (NP3)]. The obtained
results showed that the toxicity of free peptide is
enhanced by loading to biocompatible PLGA
nanoparticles. For the first time in this study it is
shown that W-1L19 peptide loaded PLGA
nanoparticle systems are non-toxic. Thus, these
results suggest that it is possible for use these
nanoparticular system as a vaccine candidate in
future.

KEYWORDS:
Canine parvovirus, poly(lactide-co-glycolide) nanoparticles, L929 cell line, in vitro cytotoxicity, PLGA

INTRODUCTION
Canine parvovirus (CPV) remains a significant
worldwide canine pathogen [1], is the cause enteric
and myocardial disease in dogs [2,3]. In
experimentally affected dogs, mortality without
treatment has been reported as high as 91% [1,4].
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out using micro tip probe sonicator set at 55 W of
energy output (Bandelin-sonopuls) for 2 min over an
ice-water bath. The double emulsion (w/o/w) was
diluted in 80 ml PVA (% 0.5 w/v) solution and the
emulsion was stirred overnight on a magnetic stirrer
plate at room temperature for evaporation of organic
phase. The resulting dispersion of nanoparticles
were centrifuged at 10.000 x g for 20 min (SartoriusBiofuge), washed three times with ultra-pure water
to remove PVA and then lyophilized for 2 days.

experimental results [10]. The colorimetric MTT [3(4,5-dimehtylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay is widely used in vitro for measuring
cellular metabolic activity, proliferation of living
cells, and cytotoxicity of new materials [16,17]. The
MTT is a soluble yellow tetrazolium salt which is
broken by the active mitochondrial dehydrogenase,
forming insoluble, purple formazan crystals. The
concentration of crystals
can be
read
spectrophotometrically. The viable cells are detected
through a colored signal depending on their
mitochondrial activity compared with a nonirradiated control [18].
In this study, cytotoxicity of W-1L19 synthetic
peptide loaded (PLGA) nanoparticle systems was
examined first time in literature on mouse fibroblast
L929 cell lines. Thus, in this study the effect of
empty (NP1), peptide loaded (NP2) and
peptide+FITC loaded (NP3) nanoparticles and W1L19 peptide on L929 cell line examined by using
light microscopy, cell survival-proliferation and
standard cytotoxicity assays. Furthermore, the
relative biocompatibility of these nanoparticles is
discussed in comparison to peptide.

Morphologic Analysis Using an Inverted
Microscope. Morphological investigations of
nanoparticles and L929 mouse fibroblast cell line
(treated with peptide, NP1, NP2 and NP3) were
carried out using a phase-contrast inverted
microscope (Olympus, CKX41, Germany) at 20x
and 40x magnification to observe morphological
properties of nanoparticle in solutions and
morphological changes of cells such as; the cell
shrinks, defect or deformation, differentiation and
loses contact to its neighboring cells. Nanoparticles
and peptide were used at 0.05; 0.1; 0.2; 0.4 and 0.5
mg/ml concentrations and the untreated cells served
as the control. Photographs were taken with an
Olympus C-5050 digital camera, using both light
tubes.

METHODS

Investigation of toxic effects of PLGA
nanoparticles on L929 cells with MTT Assay. The
cytotoxicity profile of peptide and the nanoparticles
was studied by the colorimetric MTT assay which
described by Mosmann [19]. In MTT assay,
respiring cells (live cells) reduce the yellow 3-[4,5dimethylthiazol-2-yl]-2,5diphenyltetrazolium
bromide (MTT) to purple formazan crystals by
dehydrogenase enzyme secreted by the mitochondria
of metabolically active cells [20].
104 cells/mL were seeded into 96-well plates
(Greiner Bio-One GmbH) and kept under 5% CO2 at
37 °C for 24 h. After 24 h., cells were attached as
controlled by microscopy and treated with the
different compounds resulting in a final volume of
ȝ/SHUZHOO$OOWKHFRPSRXQGV 3HSWLGH13
NP2, NP3) treated with the same concentrations of
0.5; 0.4; 0.2; 0.1; and 0.05 mg/mL. After 48 h.
LQFXEDWLRQȝ/RI077VROXWLRQZKLFKSUHSDUHG
from thiazolyl blue tetrazolium bromide powder
(Sigma M5655) (10 mg/mL) were added to each
well. After 2-4 h incubation with MTT solution
whHQWKHIRUPD]DQQHHGOHVZHUHIRUPHGȝ/RI
100% dimethylsulfoxide (DMSO) were added to
each well and incubated for 30 min in dark and room
temperature. For evaluation of interaction of the
compounds with the medium, the same procedure
was conducted without cells. Optical density was
measured at 540 nm wavelength with micro plate
photometer (ThermoLabsystem, Multiskan Ascent).
All assays were performed in triplicate. The
mitochondrial function was calculated, as a

Materials. Poly (DL-lactic-co-glycolic acid)
(50:50) >Ș@ 0.45-0.60 dL/g, Mw ~ 38-54 kDa), 3(4,5-dimetil
triazol-2-il)-2,5difeniltetrazoliumbromid
(MTT),
dimethyl
sulfoxide (DMSO), Fluorescein isothiocyanate
(FITC) and polyvinyl alcohol were purchased from
Sigma Aldrich (St. Louis, USA), dichloromethane
(DCM) was purchased Ridel de Haen. Synthetic
peptide representing W-1L19 from the VP2 capsid
protein
of
Canine
Parvovirus
(WMSDGAVQPDGGQPAVRNERA) was synthesized
via solid phase peptide synthesis method by Caslo
Laboratory ApS (Denmark). The L929 mouse
fibroblast cell line was kindly provided by the
Department of Bioengineering, Ege University,
Izmir, Turkey. Ultra-pure water was obtained from
Millipore MilliQ Gradient system.
Preparation of PLGA Nanoparticles. PLGA
nanoparticles [empty (NP1), peptide loaded (NP2)
and peptide+FITC loaded (NP3)] were prepared
with double emulsion solvent evaporation method.
Briefly, 150 mg PLGA were dissolved in 2 ml DCM
and emulsified with 200 μl of a peptide aqueous
solution (5 mg/ml) in an ice-water bath to form
primary oil-in-water emulsion (for NP1 200 μl ultrapure water, for NP3 200 μl of a 5mg/ml
peptide+0.1mg/ml FITC solution were used).
Thereafter, the resulting emulsion (w/o) was poured
into 4 ml PVA (% 2,5 w/v) aqueous solution and
emulsified in an ice-water bath to form the double
emulsion (w/o/w). The emulsifications were carried
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images which include highest and the lowest
concentration values with comparatively to control
are given below (Fig. 2, 4, 6, 8).
The MTT test is an assay for proliferation and
cell viability by measuring the mitochondrial
activity of cells. In this assay the live cells are able
to convert the yellow water soluble tetrazolium salt
to a water insoluble purple formazan [15]. Thus, the
amount of formazan crystals formed is proportional
to the number of viable cells. Cytotoxicity of NP1,
NP2, NP3 samples and free W-1L19 peptide against
L929 cells was evaluated for in vitro
biocompatibility and the cell viability graphics are
given below (Fig. 3, 5, 7, 9).
Morphology by inverted light microscopy of L
929 cells showed a characteristic spindle-shaped
¿EUREODVWLF PRUSKRORJ\ )LJ  D   ,Q FRQWUDVW
incubated with a solution of free peptide at the
lowest concentration (0.05 mg/mL) morphological
structure of cells was observed similar to the control
group (Fig. 2 b), but at the highest concentration (0.5
mg/mL), unlike typical morphological image cells
defects and spaces was observed. When the
cytotoxic profile of the peptide was investigated, at
the highest concentration (0.5 mg / mL) the cell
survival is reduced to below 38 %, and this appears
to be consistent with the morphological investigation
(Fig. 3).

percentage of the control group, considered as 100%.
The percentage viability of cells was calculated
according to following equation:
 
ͳͲͲ
Ψ ൌ
  
RESULTS AND DISCUSSION
Morphological
investigation
of
nanoparticles. The morphology of nanoparticles
was examined by using a phase-contrast inverted
microscope. Light microscopic images for aqueous
suspension of nanoparticles in solution shown Fig. 1.
In Fig. 1 (a, b, c), homogeneous nanoparticles
dispersions in the aqueous solutions are seen clearly.
Morphological investigation of Mouse
Fibroblast L 929 Cells and in vitro Cytotoxicity
Study of Nanoparticles. The morphology of L929
cells treated with different concentration of (0.05;
0.1; 0.2; 0.4 and 0.5 mg/ml) free peptide, NP1, NP2
and NP3 nanoparticle solutions were examined by
using a phase-contrast inverted microscope. All the
morphological changes in L929 cells were
investigated after incubation of cell with NP1, NP2,
NP3 and free peptide by light microscope. Only the

(a)

(b)
(c)
FIGURE 1
The light microscope (20x) image of aqueous suspension of nanoparticles NP1 (a), NP2 (b), NP3 (c)

(c)
(b)
FIGURE 2
Comparison of the cytotoxic effects of W-1L19 peptide solutions on cell viability of mouse fibroblast
L929 cell line. Morphological changes of cells after treatment with different concentration of w-1l19
peptide solutions for 48 hours, control (a); 0.05 mg/ml (b); 0.5 mg/ml (c) with 20x magnifications
(a)

1648

© by PSP

Volume 26 ± No. 2a/2017, pages 1646-1653

Fresenius Environmental Bulletin

100

% Cell Viability

80
60
40
20
0
0

0,1
0,2
0,3
0,4
Peptide concentration (mg/ml)

0,5

0,6

FIGURE 3
Cytotoxicity tests: cell viability of L929 cells (n =3) treated with different concentrations (0.5 mg/mL;
0.4 mg/mL; 0.2 mg/ml; 0.1 mg/mL; 0.05 mg/mL) of W-1L19 synthetic peptide solutions

(a)

(b)
(c)
FIGURE 4
Comparison of the cytotoxic effects of NP1 solutions on cell viability of mouse fibroblast L929 cell line.
Morphological changes of cells after treatment with different concentration of NP1 solutions for 48
hours, control (a); 0.05 mg/ml (b); 0.5 mg/ml (c) with 20x magnifications
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80
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0,1
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Empty NPs (NP1) concentration (mg/ml)
FIGURE 5
Cytotoxicity tests: cell viability of L929 cells (n =3) treated with different concentrations (0.5 mg/mL;
0.4 mg/mL; 0.2 mg/ml; 0.1 mg/mL; 0.05 mg/mL) of NP1 solutions
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(peptide loaded nanoparticles) solution at lowest
concentrations (0.05 mg/mL) the morphological
structure was similar to the control group (Fig. 6 b),
and at the highest concentrations (0.5 mg/mL) it
seem different from morphological image but
compared with free peptide less cell defects and
spaces were observed (Fig. 6 c).

L929 cells incubated with NP1 (empty
nanoparticles) solution and the morphological
characteristics shown similar result to the control
(Fig. 4) both of morphological investigation and
cytotoxic analysis. And even at high concentrations
the cell viability was observed as 70 % (Fig. 5).
The cells which were incubated with NP2

(a)

(b)
(c)
FIGURE 6
Comparison of the cytotoxic effects of NP2 solutions on cell viability of mouse fibroblast L929 cell line.
Morphological changes of cells after treatment with different concentration of NP2 solutions for 48
hours, control (a); 0.05 mg/ml (b); 0.5 mg/ml (c) with 20x magnifications

100

% Cell Viability

80
60
40
20
0
0

0,1
0,2
0,3
0,4
0,5
Peptid loaded NPs (NP2) concentrations (mg/ml)

0,6

FIGURE 7
Cytotoxicity tests: cell viability of L929 cells (n =3) treated with different concentrations (0.5 mg/mL;
0.4 mg/mL; 0.2 mg/ml; 0.1 mg/mL; 0.05 mg/mL) of NP2 solutions

(a)

(b)
(c)
FIGURE 8
Comparison of the cytotoxic effects of NP3 solutions on cell viability of mouse fibroblast L929 cell line.
Morphological changes of cells after treatment with different concentration of NP3 solutions for 48
hours, control (a); 0.05 mg/ml (b); 0.5 mg/ml (c) with 20x magnifications
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FIGURE 9
Cytotoxicity tests: cell viability of L929 cells (n =3) treated with different concentrations (0.5 mg/mL;
0.4 mg/mL; 0.2 mg/ml; 0.1 mg/mL; 0.05 mg/mL) of NP3 solutions

In
studies
the
sequences
1L15
(MSDGAVQPDGGQPAV)
and
7L15
(QPDGGQPAVRNERAT) at VP 2 capsid proteins
which belongs to canine parvovirus was shown to be
immunogenic and created an immune response [5,6].
However, the uses of synthetic peptides as vaccine
candidates and for increasing their immune response
various carrier molecules are needed. PLGA is the
most commonly used polymer in the nanoparticulate
systems for loading of weak antigenic peptide, drug,
or protein. And also, PLGA is biocompatible,
biodegradable and approved by FDA. In literature
many infections vaccine candidates based on the
nanoparticulate system is seen to be studied
[8,21,22]. However, in contrast to this, there has not
been any study in literature about nanoparticulatebased vaccines in the CPV infection.
Therefore, in this study for the first time the
biocompatibility
of
CPV
W-1L19
(WMSDGAVQPDGGQPAVRNER A) peptide loaded
nanoparticulate systems were investigated on L929
mouse fibroblast lines. According to literature, from
the obtained results it was found that empty PLGA
nanoparticles is non-toxic [23]. The cytotoxic effect
of free peptide and also peptide-loaded PLGA
nanoparticles were investigated on the L929 mouse
fibroblast lines and results showed that cell viability
and proliferation was not significantly affected to
addition of peptide-loaded PLGA nanoparticles.
The enhancement of peptide biocompatibility
by loading PLGA nanoparticles suggests the
effectiveness of PLGA as a delivery system for
development of Canine Parvovirus vaccine
candidate. Studies are currently in progress to test
the immunogenicity and efficiency of W-1L19
loaded nanoparticles as a vaccine candidate against
Canine parvovirus infections.

The cytotoxicity assay results of NP2 (peptide
loaded nanoparticles), the highest concentration (0.5
mg / mL) the cell viability was 55 % and seems
compatible with morphological investigation (Fig.
7).
As a result of microscopic examination at the
cells incubated with NP3 (Peptide + FITC loaded
nanoparticles) solution, the cell morphology (Fig. 8)
and cytotoxicity analysis (Fig. 9) gave similar results
with the cells which were incubated with NP2
solution.
This condition could describe by that FITC has
not got a significant effect at very low
concentrations.
In conclusion; cytotoxicity profile of the
nanoparticles on mouse fibroblast L929 cell line was
studied using MTT Assay. Five different
concentrations of each samples (free W-1L19
peptide, empty nanoparticle, peptide loaded
nanoparticle and peptide FITC loaded nanoparticles)
were used for the cytotoxicity studies. After 48 hours
of incubation at the highest concentration (0.5
mg/mL) of the all nanoparticles showed viability
more than % 55 on the other hand the peptide
showed only % 38 viability (Fig. 3). Similarly, there
were no significant differences at the lowest
concentrations (0.05 mg/mL) of these samples. This
could be explained by increase in the
biocompatibility of peptide which is encapsulated
into FDA approved PLGA nanoparticles.
Thus, in this study, with the aim of developing
peptide-based nanoparticulate vaccine against CPV,
the peptide sequence of CPV W-1L19 (WMSDGAVQPDGGQPAVRNERA) was loaded into
PLGA nanoparticles. It has been determined that
these nanoparticles are not toxic on the L929 cell line
and are suitable for in vivo investigation.
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development. Therefore, this is not surprising that
they are in the center of environmental problems and
they have the disturbance effect in natural habitats
[1]. Roads, which cause major negative ecological
effects in natural habitats especially in the forests
and forest edges by generating edge effects [2, 3, 4,
5, 6, 7, 8].
A multidisciplinary effort is required to
evaluate the potential ecological effects of roads on
natural habitats and necessary strategies should be
developed to control current situation, and to prevent
further damage. Thus, forest engineers, biologists,
wild life researchers, veterinarians, civil engineers,
and other related specialists should come together
and introduce low-cost solutions to decrease
negative effects of road networks on ecosystems [8,
9]. Road ecology ± a multidisciplinary approach ±
comprises a range of methods used to decrease the
direct and indirect negative ecological effects of
roads in the light of comprehensive qualitative and
quantitative research studies [5]. This approach
includes putting forward all the solution suggestions
needed to protect natural habitats along the road
alignments in the context of human and nature-based
ecological concept [4, 10, 11]. Evaluating the
relationship between human and nature requires a
rather difficult definition and an ability to
comprehend. This complex task is rather a simple
procedure when decision support systems are
utilized effectively during solution process. Remote
Sensing (RS) and GIS which are parts of the decision
support system are the most important components
in sustainable management and usage of natural
resources and in introducing real, effective, and
comprehensible solutions and modellings [12, 13,
14, 15]. Especially, forest ecosystems, as a whole,
have a system that consist of factors such as plant
cover, wild animals, water, soil, rock and
engineering structures (roads, dams, hydroelectricity centers, wind tribunes, etc.). Those factors
are complicated yet in harmony with one another.
Since all these factors (alive or not) are matters that
reflect colors and heat naturally, and it is easy to
determine their status.
Evaluating the road networks by using RS
systems integrated with GIS is applied in many
activities such as production planning in forestry,

ABSTRACT
Remote sensing (RS) techniques and
Geographical
information
system
(GIS)
applications, which provide more economical and
time saving methods
than
ground-based
measurements, have been widely used for earth
observation and environmental assessments. Thus,
consider Landsat 7 Enhanced Thematic Mapper Plus
(ETM+) images, the present and past conditions of
the coniferous species and land change that are
within 100 meters away from the road alignment
were evaluated to explain the changes in the roadeffect zone. Normalized Difference Vegetation
Index (NDVI) obtained from Landsat images of the
years between 2000 and 2015 were performed by
using thresholds to estimate temporal and spatial
changes of the coniferous species. The value of
thresholds (0.45<NDVI<0.65) for the NDVI
reflections from healthy coniferous species have
been taken into consideration in summer season.
Binary classification was applied for NDVI
reflection values of productive coniferous forests
(PcF) and degraded coniferous forests (DcF), and
then comparisons were performed to investigate
temporal and spatial changes. The results
investigated that approximately 18 % of the
coniferous forests within the 100 m road buffer zone
were turned into DcF. Beside beekeeping, grazing
and social activities are defined as disturbances in
research area. In conclusion, current roadside
forestry applications and managements for road
edges needs improved techniques and planning for
sustainable management in forest road zones.

KEYWORDS:
Road-effect zone, Coniferous forests, Degradation,
Landsat, Remote sensing, Sustainability

INTRODUCTION
Road networks are candidate for the biggest
engineering structures of the world when
considering its coverage surface on ground surface,
and are often perceived as the initial stage of
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TM/ETM+. The results produced a linear equation
for pine forests in summer months. Types of land
cover could be determined by using the threshold
values obtained from such studies. Beside the
threshold value method which is traditionally
preferred in determining the temporal and spatial
changes is still preferred widely as a practical
classification method [37, 38].
In the context of this study, the change that the
100 m road-effect zone in the stands of coniferous
forests was evaluated for minor road. Temporal and
spatial change analysis was performed by using
NDVI reflection obtained from Landsat 7 ETM+
images. The 100 m width buffer zone applied to the
road was determined as research area. While
determining this zoning, the road-effect zones
mentioned in [3] were taken into consideration.
Productive coniferous forests (PcF) and Degraded
coniferous forests (DcF) classifications were
performed by using NDVI thresholds. Next,
obtained data from field studies related to the type,
location, height, diameter, and the general condition
of the tree were evaluated in terms of calculated
NDVI results by both performing statistical and
accuracy assessments.

forest protection, mapping of vegetation cover and
etc. [16, 17, 18, 19, 20, 21]. Especially, economical
satellite images, such as those obtained from
Landsat, are used as RS methods in determining the
changes that occur in forest ecosystems [22].
Landsat images are among the satellite images that
are preferred widely for many scientific studies
related with nature [23, 24]. United States
Geological Survey (USGS) offers free Landsat
products that have sensors with different
characteristics for researchers to search its archive.
Landsat, which is the pioneer in monitoring the
global changes worldwide, detects energy
reflections with different wave lengths thanks to its
sensors that have enough resolution. With the help
of these reflections, by developing techniques for the
aim of the research and, thus, enriching the images
temporal and spatial changes can be monitored. The
evaluation process of reflections obtained from
satellite images are divided in two parts: the pre- and
post-studies in the use of the reflections. During
these processes, the reduction of possible loses that
occur in reflection values as a result of factors such
as the shape of the earth, the distance difference to
the sun, and the atmosphere and exoatmosphere [25,
26, 27, 28]. Temporal and spatial changes are
investigated in two ways: (1) by classifying and
analyzing the images of two different time periods
separately, and (2) by evaluating the results obtained
from the procession of multi-time images [29].
RS studies are performed to determine the land
cover and its change by using reflections received in
visible intervals and thermal intervals, and by
making predictions about NDVI and surface
temperature data [30, 31, 32, 33, 34, 35]. For
example, according to [36], NDVI radiance value in
coniferous forest (PcF) areas active in the summer
season is 0.61 in average. For example [16]
determined the NDVI radiance values of forest areas
in Mediterranean coastal regions by using Landsat-

MATERIALS
Study area and database. The study area is
selected from KSU Baskonus Research and
Application Forest which is located in a
Mediterranean city of Kahramanmaras in Turkey
(Fig. 1). The study area was totally 41.5 ha. The
platform of the road which is subject to the roadeffect zoned was 2045.90 m long and paved with
asphalt. This road is open both summer and winter
months for public transportation from the city center
to the districts.

FIGURE 1
Geographical location of study area and current land cover types
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TABLE 1
Basic description of Landsat images
Acquisition date
June 22, 2000
June 16, 2015
July 02, 2015a
a
b

Type of imagery
ETM+ 7
ETM+ 7
ETM+ 7

Path/row
174/34
174/34
174/34

Nominal spatial resolution (m)
30
30
30

System and Version
LPGSb_12.5.0
LPGS_12.6.1
LPGS_12.6.1

This scene dataset was used only for gap free improvements to make image process done scientifically realistic.
Landsat Product Generation System

FIGURE 2
General input and output schema for method

present situations of the study area and the road
route.

The main types of coniferous trees in the area
are black pine (Pinus nigra), firs (Abies cilicia) and
cedars (Cedrus libani). The altitude of the research
area is about 1300 m. The administration, planning
and monitoring of the forest areas where the research
is conducted is realized by Kahramanmaras Forest
Regional
Head
Office,
Kahramanmaras
Administration Directory, and Baskonus Forest
Chief. The principals and procedures are suggested
for various silvicultural and road edge stand
planning by [39] and [40] for various
recommendations are considered in practice
standards in the study area.
In this study, satellite images were used as a
baseline in determining the effect of the roads on the
areas of coniferous forests. Zoning analysis and
image processing were performed by using GIS±
supported computer programs (ArcGIS 10 and
ERDAS 9.1). In the formation of the digital database
of the area the following were used: Topographic
maps of 1/25000 scale, forest management maps,
Google Earth (version: 7.1.5.1557) and Landsat 7
ETM+.
Landsat 7 ETM+ and related metadata were
obtained from the web-site: http://earthexplorer.
usgs.gov. Some technical characteristics related with
satellite images were given in Table 1 [42]. In the
field studies, hand GPS (Garmin Oregon 650) was
used to determine locations; a laser measurement
instrument (Leica Disto-D3) was used to measure
angles and distances; and a digital camera (Nikon
CoolPix L320 26X) was used to determine the

METHOD
Temporal change detection was performed by
using two Landsat scenes (the first scene on June
2000 and the second scene on June 2015) with
different characteristics. The first scene was of SLCoff (SLC-off data refers to all Landsat 7 images
collected after May 31, 2003 and these products have
data gaps, but are still useful and maintain the same
radiometric and geometric corrections.) and dead
pixels (cells with no data) have been improved. To
improve the images, ERDAS Imagine was used by
taking into consideration the acceptable working
principles of scientific research techniques. The
algorithm used for the image equality and
overlapping which are equivalent to all bands that
are defined as two raster data in the model builder
function of ERDAS program was formed such that
if the first image is bigger than zero value, then it
will use Data A (June 16, 2015) or Data B (July 2,
2015); and the dead pixels with no data have been
filled [41, 42]. To make geographical corrections in
the satellite images, the method of the nearest
neighbor was employed and Root Mean Square
Error (RMSE) was determined to be 0.5 pixel at
least. The flow diagram of processes related with
satellite images were shown in Fig. 2. The data
obtained from the field were transferred into GIS and
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As indicated in the Eq. (3) below, in order to
determine vegetation cover near-infrared (NIR) and
red (R) bands which are easy to use and very
common, were used [26, 31]. It was determined that
NDVI = (Band 4-Band 3) / (Band 4+Band3) using 43-2 bands of Landsat 7 ETM+ images [29]. NDVI
values determined using this equation range from -1
to +1. It will be understood that the related areas with
a positive value are covered with a vegetation cover
while the areas with a negative value are deprived of
a vegetation cover and covered with water, arid soils,
and surfaces with clouds and snow. In the equation
below, the multiplication and addition operations
with +100 value were performed just to increase the
visuality in mapping studies.
(3)
ª (U  U )
º

were put into the feature tables prepared for the each
specified spot.
Radiance Data Calculations (Top-ofAtmosphere-ToA radiance). The conversion of
Digital Numbers (DN) to radiance (Lω) values was
performed using the Eq. (1). According to this
equation, gain and bias constants of Landsat 7 ETM+
value (Qcal) of the each band in the image were used.
These calculations were applied to both image
versions of LPGS_12.5.0 and LPGS_12.6.1. The
gain constant is the scaling factor for the radiance
multiplication coefficient and is the equivalence of
RADIANCE_MULT_BAND_x in the *.MTL file.
Bias factor is the added constant in the radiance
scaling and this constant functions as the
equivalence of RADIANCE_MULT_BAND_x in
the *.MTL file. The current file of the constant
values used in the calculations were obtained from
the web-site: http//earthexplorer.usgs.gov
(1)
LO ( gainO u Qcal )  biasO

R
NDVI = « NIR
u 100 »  100
¬ ( U NIR  U R )
¼

U NIR = Pixel values from the infrared band (band 4)

U R = Pixel values from the red band (band 3)
Threshold values were used as reference points
to learn about the maximum and minimum indicator
values obtained from Landsat based derived NDVI
calculation and the current situation of coniferous
forests. According to [36], NDVI value of coniferous
forest areas (PcF) in the summer season was
determined as 0.61 in averages. [16] proposed NDVI
values explained by a linear equation for the pine
trees along the Mediterranean coastal regions in the
summer months. Thus, it was accepted that threshold
values for PcF vegetation index of coniferous
species ranged from 0.45 to 0.65. PcF and DcF areas
were determined after performing binary
classification.

Values recorded by Landsat ETM+ sensors
were normalized by being converted into ToA (Top
of Atmosphere) radiance values. This procedure is
vital in that it compares the images obtained from
different sensors and eliminates the differences that
occur between the images because of the differences
in solar zenith angle [43, 44]. The Apparent
Reflectance model which does not require a field
study for the data converted into ToA radiance
values were based on. Dark Object Subtraction
method which was developed on this basis and is
preferred widely due to its easy use in scientific
studies were applied [27, 45]. According to this
method, in homogenous atmosphere conditions it is
accepted that there are dark objects whose radiance
values are very low in images. The minimum
radiance values in the image histogram are identified
by using water that has a very dark color or the dark
colored regions which are in the shade and for each
band all pixel values are subtracted Eq. (2) [26, 46].
(2)
S u ( LO s  LO h ) u d 2
RO

Accuracy assessments. Error matrix table
were used to check the PcF and DcF predictions
determined by pixel-based binary classifications of
NDVI predictions obtained from Landsat satellite
images [48]. The vegetation cover taken from
randomly selected 145 reference control points
obtained from field studies and old and new forest
plan maps were checked for general health
conditions, such as presence, diameter, height, age
class, the condition of the crown, and the damage
evidences from insects. With the results obtained
from the studies in the field the PcF and DcF
conditions of the control points were determined and
Accuracy assessments were performed for the values
observed and predicted using GIS.

EsunO u cos T s

RO = Planetary To$UHÀHFWDQFH

ʌ &RQVWDQWYDOXHHTXDOWR
LO s = Spectral radiance at the sensor's aperture
(W/(m2x μm x ster))
LO h = Radiance resulted from the interaction of the
electromagnetic radiance with the atmospheric
components (molecules and aerosols)
d= Earth±Sun distance (astronomical units)
EsunO = Mean exoatmospheric solar irradiance (W/

RESULTS AND DISCUSSION

(m2x μm)
T s = Solar zenith angle (degrees)

By using different Landsat image data set for
the minimum and maximum NDVI values with the
dates of June 2000 and June 2015, it was proved that
there were temporal and spatial changes in
coniferous forests [29, 33]. The NDVI values of the
study area in 2000 were minimum of 0.10 and

NDVI calculations and classifications. NDVI
calculations were performed by using Image
Analysis function with ArcGIS 10.0 software [47].
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Locations between the indexes with 0.45 to
0.65 interval values were determined in order to
detect PcF areas using NDVI. Conditional
statements applied to detect the PcF areas were very
helpful approaches in spatial determination and
modelling of the years 2000 and 2015. It was
determined if the coniferous forests were productive
or degraded. The maps showing the spatial
distributions of NDVI values calculated for the years
2000 and 2015 were given in Fig. 3.
Spatial and temporal changes were shown by
putting symbolic dark and light black tree figures for
PcF and DcF areas in Fig. 3c. The light black tree
figures represent the PcF areas while the dark black
ones indicate DcF areas. The dark black figured
areas were PcF in 2000, but they turned into DcF
areas as of 2015 (Fig. 3c). It was determined that the
other areas turned into forest openings without a
vegetation cover that cannot perform production or
arid areas such as road, forest soil, rock, water, and
etc.
Of the 414900 m² of the study area represents
176400 m² was PcF in 2000 while 101700 m² was
PcF in 2015. It was found that 74700 m² of the
coniferous forest areas underwent a change during a
period of 15 years (Table 3). The area types indicate
DV ³RWKHU´ LQ WKH WDEOH FROXPQ ZHUH QRW GLVSOD\HG
with a symbol as they had already been degraded
before 2000 (Fig. 3c).

maximum of 0.70 while the NDVI values in 2015
were minimum of -0.23 and maximum of 0.55. The
NDVI values calculated for the years 2000 and 2015
and the NDVI values compared at the confidence
interval of 5 % for the year of 2000 reflect a normal
distribution considering the statistical distribution
models (Table 2). When taking the Skewness and
Kurtosis factors into account, it can be said that both
of the NDVI values calculated showed a
symmetrical distribution. Besides, the results of the
Ordinary Least Square (OLS) analysis performed for
the NDVI values for both years showed that there
was a strong positive correlation (r² = 0.81) between
them.
TABLE 2
Descriptive statistics for calculated NDVI values

Year
Min.
Max.
Mean
Std. Dev.
Skewness
Kurtosis
Median

NDVI
2000 2015
0.103 -0.225
0.704 0.548
0.428 0.309
0.168 0.154
-0.15 -0.56
1.64
2.48
0.44
0.33

(a)

(b)

(c)

FIGURE 3
Calculated NDVI maps (a), (b), and the spatial distribution of detected PcF and DcF (c)
TABLE 3
Calculated areal percentages of land covers and DcF ratio
Year
Surface
NDVI

2000 2015
PcF (%)
42.5 24.5

DcF (%)
18.0
1658

Others (%)
57.5

Total Area (%)
100
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TABLE 4
Accuracy assessment matrix table for PcF and DcF classification

PcF
DcF
Overall accuracy

2000
Producer's accuracy User's accuracy
71.11%
68.08%
85%
86.73%
80.69%

2015
Producer's accuracy User's accuracy
71.00%
71.01%
87.00%
87.00%
82.06%

(a)

(b)
FIGURE 4
Wire fence at the road edge (a) and beekeeping activity site view from study field (b)

It should be some errors in the results, and it is
quite normal as the pixel values of the Landsat
images with 30 m resolution used for NDVI
calculation. Simultaneously, this situation is
especially inevitable for the pines which are species
of coniferous trees because they are very sensitive to
biological changes, such as the humidity, human
pressure and other biological changes, in their
habitat [35]. For this reason, measurements should
be performed in ground control points by using
spectroradiometers and satellite images with high
resolution if sensitive data is to be obtained for the
classification of NDVI radiance values [16, 13].
There were scarcely cedar trees which are
barely noticed in the 100 m road±effect zone. The
NDVI calculations of such areas indicated that these
areas turned into DcF in time. According to the
comparisons of the NDVI, the farthest north of the
study area was determined to be DcF and the
observations performed in the area confirmed that
the area is DcF (Fig. 3a, 3b). It was noticed that
people built wire fences without plans to prevent
entrance especially into the recreational areas for
picnic and camping that are within the study area
(Fig. 4). Thus, the entrance of people to the stands
were limited in the areas (the southeast of the road)
where the wire fences were built (Fig. 4a). As a
result, this has eliminated the indirect effects of the
road such as illegal logging, deforestation to gain
farming fields, over-grazing, beekeeping, and daily
picnics on the roadside (Fig. 4b). However, people
may enter or exit at many places of the stand. There
were many places within the 100 m wide road±effect

This study makes it possible to perform
effectively and rapidly evaluations for spatial and
temporal changes of the coniferous forest areas in the
Mediterranean region by using remote sensing based
techniques [12, 13, 14,19, 49]. In the scope of road
ecology, NDVI predictions can be used as a rapid
method to determine the changes that the potential
negative ecological effects of the roads bring about
in coniferous forest areas. On the other hand,
different methods to catch higher accuracy such as
RGB-NDVI approach can be examined in analysis
of change detection [33]. However, in the general
concept of road ecology, it is essential that
multidisciplinary studies should be performed
collaborate with experienced specialists in biology,
engineering, social and political sciences that are
focused on environment [8, 9].
Accuracy assessments for the classified images
were performed using the data compiled from 145
local points and new and old forest plan maps. PcF
and DcF areas were predicted by classifying the
observed and predicted NDVI radiances with an
overall accuracy of 80.69 % for 2000 and 82.06 %
for 2015 (Table 4).
The NDVI results of the Landsat satellite
images have been used to monitor the changes all
over the world and also they have proved to be useful
remote sensing data in estimating the changes that
occur in the forests [20, 21, 33]. The level of success
in the NDVI results obtained from satellite images
will without a shadow of a doubt quite effective
results in the areas that are more extensive than the
area preferred in this study [16] (Table 4).
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areas in a time interval of 15 years under normal
conditions in the coniferous forests of the roads
inside the forests. At the same time, it was
determined that there were other important factors
such as topography, geological structure, land use,
plant species and the structure of the stands while
determining the effects of the roads. It is clearly
understood from these results that there is a
relationship between the roads and the stands along
the roadsides. In order to continue this relationship
in a balanced and regular way, it is necessary apply
site-specific ecological techniques, social awareness
in addition to sustainable road network planning
under the eco-technological approaches.
As a continuation of this study, further studies
should be performed to determine the relationship
between the roads and the stands which are along the
roads in the forests and along the forest-edge roads
in a more detailed way by making use of different
remote sensing techniques and efforts requiring
multidisciplinary cooperation.

zone which are used for grazing, bee-keeping, illegal
cutting, and grilling. The areas where such indirect
effects are common were measured and it was
determined that negative effects were intense in the
areas 20 m away from the road edge in average [11].
It was observed that rocky and steep side areas
where the main rock emerged obstructed the
entrance of the stand and these areas were the roadeffect zone that was least affected and degraded
during the construction of the road [5]. The
observations made along the road indicated that cut
slopes of steep slopes decreased the possibility of
forest degradation while fill slopes of steep slopes
caused the degradation and destruction of the forest
during the road construction [3]. The roads that are
in the areas which are flat or almost flat are exposed
to mainly human damage and all the other indirect
factors [10].
Revealing results by using NDVI threshold
values is an employable method in the studies related
with road ecology [37]. In forests, especially the
determination of the change of vegetation cover can
be performed thanks to remote sensing methods
which are quite economical and be verified [12, 17].
The application of different hypotheses and
scenarios using NDVI threshold values to determine
and verify the change of forest areas could also be
used for the road ecology as well. PcF and DcF
change determined by NDVI has produced fast,
reliable and economical results that will help the
explanation by modelling of the relationship
between the road - effect zone and the stands of
coniferous trees (Table 4). For this reason, that these
methods of remote sensing are effective in
monitoring the change and degradation in forest
areas will be beneficial for local administrators and
other institutions to use these methods [22, 32].
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ATTENUATED BY SOLENOSTEMMA ARGEL EXTRACTS ON
CARBOHYDRATE METABOLISM OF MALE ALBINO RATS
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tests. Cyfluthrin is commonly used in Egypt,
however, no or very little data are available in the
literature on Egyptian environment. Guidelines that
limit pesticide residues in food are developed and
enforced by public health agencies worldwide.
These guidelines incorporate data from many
sources into the risk assessment process, including
high-dose animal toxicity studies. Pyrethroid
insecticides such as Cyfluthrin inhibit acetylcholine
esterase as a toxicological endpoint (2). However,
the possible protective roles of safer preventative
compounds, offering least amount of side effects are
warranted to be explored. A few studies have
suggested agent as beneficial form during
peroxidative damage (3-5). Plants photochemicals
show antioxidant activity (6, 7). Recently, interest
has been increased considerably in finding naturally
occurring antioxidants for use in foods or medicine
to replace synthetic compounds which are being
restricted due to their carcinogenicity. Natural
antioxidants can protect the human body from free
radicals and arrest the progress of many chronic
diseases as well as retard lipid oxidative rancidity in
food (8). Argel (Solenostemma argel) is a desert
plant used in folk medicine in different places in the
world especially in African countries (9). Argel
leaves are used in herbal medicine for the treatment
liver and kidney diseases. Argel has antibacterial and
antifungal prosperities also antispasmodic, antiinflammatory and antirheumatic agent (10, 11). Also
the whole plant used against hyperlipidemia and
diabetes with possesses insecticidal effect and used
to compact insect pests (12, 13). The aim of the
present studies is to evaluate Argel (Solenostemma
argel) in vivo ameliorated cyfluthrin toxicity
induced alterations in glycolytic enzymes and
metabolites of carbohydrate metabolism in liver,
brain and kidneys tissues and antioxidant potential
activity in vitro.

ABSTRACT
This study aimed to evaluate the toxic
influences of cyfluthrin pesticide and ameliorated
their effects by Solenostemma argel as antioxidant
agents on blood glucose, liver glycogen, lactate
dehydrogenase (LDH), pyruvate kinase (PK), and
hexokinase (HK) activities as well as lactate and
pyruvate contents of liver, brain and kidneys. The S.
argel potency as antioxidant was determined by
DPPH and ABTS in aqueous and methanolic
extracts. Results showed that pesticide ingestion
increased blood glucose but decreased liver
glycogen. Activity of LDH was inhibited but HK and
PK activities were stimulated also lactate and
pyruvate content were reduced in all tissues.
Treatments reduced these disturbances of the
cyfluthrin effects on above glycolytic enzymes and
metabolites in the all organs tissue. It can be
concluded that S. argel methanolic extract
treatments as antioxidant agent improved the
disturbed carbohydrate metabolism induced by
cyfluthrin than aqueous extract.

KEYWORDS:
Cyfluthrin,
Solenostemma
metabolism, toxicity, rats

argel,

carbohydrate

INTRODUCTION
Cyfluthrin is a pyrethroid pesticide that is nonsystemic insecticide with contact and stomach
action. Acts on the nervous system with rapid
knockdown and residual activity uses as insecticide
effective against many pests especially Lepidoptera,
Coleopetra, Homoptera and Hemiptera on cereals,
cotton fruit and vegetables, also against migratory
locust's grasshoppers. It used against Blattellidae,
Calicidae and Muscidae in public health situation
stored products, domestic use and animal health. It
has a rapid knockdown effect and long lasting
residual activity (1). To establish any toxicological
data, acute toxicity tests are considered to be the base
line or preliminary studies for chronic toxicity

MATERIAL AND METHODS
Materials. Preparation of argel (Solenostemma
argel) extracts as the following, the argel leaves
were obtained from Wadi Allaqi in Aswan. The
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enzymatically according to Trinder (15) method.
Liver glycogen was determined according to Reruo
and Lundquist (16). Cytosol fractions of liver, brains
and kidneys tissue homogenates were prepared as
described by Bergmeyer (17). Also, in cytosol
fractions, pyruvate kinase (PK), hexokinase (HK)
and lactate dehydrogenase (LDH) activities as well
as pyruvate and lactate content were determined
according to the procedures described by Bergmeyer
(17). Proximate analysis was done in argel leaves
powder for moisture protein, crude oil, crude fiber
and ash contents according to the description of
AOAC (18) but total carbohydrates were calculated
by differences the following equation:
- Total carbohydrate = 100- (moisture+
ash+protein+oil+fiber)
Total phenolic contents of whole leaves as well
as their methanolic and aqueous extracts were
determined using Folin-Ciocalteu assay (19). Also
the total flavonoid contents were determined in the
samples by AlCl3 colorimetric assay (20). Total
tannins contents were determined in the same
samples using the Folin-Ciocalteu reagent assay
(21). Phenolic compounds were fractionated and
determinate by HPLC (22). Quantification of
antioxidant activity as free radical scavenging was
determinate using the free radical generator DPPH
(2,2-diphenyl-1-picrylhdrazyl) assay based on slight
modification (23). Also, the total capacity assay was
carried out by the ABTS method (24).

dried leaves were ground, powdered and extracted
by soaked (10g) of the powdered leaves in 100 ml of
methanol 80% or distilled water at room temperature
for two days. The different two extracts resulted
from whole leaves powders were used in the
biological experiments and for the determination of
phytochemical analysis and antioxidant activities.
Animals and diets. For the biological
evaluation of argel samples as antitoxic agent, 48
healthy adults male albino rats (Rattus norvegicus)
Sprague Dawley strain, weighing (100+10g) were
obtained from the animal house of Nutrition
Institute, Cairo, Egypt. The animals were kept under
normal healthy laboratory conditions for two weeks
in their cages prior to the experiment for
acclimatization. They housed individually in a well
aerated cages under hygienic conditions in the
animal house of Faculty of Agriculture Cairo
University. Rats were allowed free diet and water ad
libitum and divided into 8 groups (6 rats each) six of
them were intoxicated rats and two were normal rats.
Rats were fed on a standard diet consisting of a
mixture of 20 % casein, 10% cotton seed oil, 5%
cellulose, 4% salt mixture 1% vitamins mixture and
60% corn starch (14). The first group (G1) served as
normal control fed on standard diet and the second
group (G2) fed on semi-modified argel diet (2%
powdered leaves argel+ 98% standard diet). The
third group (G3) was ingested with the sub-lethal
dose of cyfluthrin (1/20 oral LD50) and fed on
standard diet (intoxicated control group). Fourth
group (G4) was intoxicated rats fed on the semimodified argel methanolic extract, one dose every 48
hours. Fifth group (G5) was intoxicated rats ingested
orally with 50 mg of dried argel methanolic extract
one dose every 48 hours. The six group (G6) was
intoxicated rats injected I.P with 50 ml dried argel
methanolic extract, one dose every 48 hours. The
seventh group (G7) intoxicated rats ingested 50 mg
dried argel aqueous extract one dose every 48 hours.
The eighth group (G8) was intoxicated rats injected
I.P 50 ml dried argel aqueous extract one dose every
48 hours. For oral ingestion and I.P injection either
with the pesticide or plant extracts the dose was
emulsified in 0.5 ml distilled water. One dose was
administrated every two days during the
experimental period (90 days) for all eight groups'
diets (standard and semi-modified 2% argel diets)
and water were supplied ad libitum. At the end of
experimental period animals were killed by
decapitation, blood was collected and livers, brains,
kidneys of all subjected rats were removed and
chilled up for biochemical analysis.

Statistical analysis. The experimental results
were expressed as mean standard deviation (SD) of
triplicate measurements. The data were subjected to
one way analysis of variance and the significance of
differences between means were calculated by
'XQFDQ¶V PXOWLSOH UDQJH WHVW XVLQJ 6366 IRU
Windows, standard version 10, and the significance
accepted at P < 0.05.

RESULTS AND DISCUSSION
Blood glucose and Liver glycogen. The
present studies were done to evaluate the technical
cyfluthrin pyrethroid insecticide toxicity and the
alleviated effects of different treatments of argel
leaves against the induced toxicity of the pesticide in
male albino rats. These related to that pyrethroid
pesticides are widely used for variety of public
health and agricultural applications (25). The
pyrethroid insecticides produced a wide range of
toxicity in animals. Few or no attentions have been
focused on the harmful biological activities of
cyfluthrin pyrethroid pesticide and uses of argel
antioxidant agent to ameliorate this harmful toxicity
of the present pyrethroid pesticide in male albino
rats.

Biochemical analysis. The collected blood
samples were allowed to coagulate and centrifuged
at 3000 g for 10 min to separate the serum fraction
which used to determine blood glucose levels
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FIGURE 1
Blood glucose and Liver glycogen of experimental male albino rats.
Values are expressed as mean± SEM (n=6). Values not sharing the same superscript letters
were significantly different (P<0.05). G1: Control; G2: Control + 2% argel; G3:
Intoxicated; G4: Intoxicated + 2% argel; G5: Intoxicated + ingested methanolic extract;
G6: Intoxicated + methanolic extract; G7: Intoxicated + ingested aqueous extract; G8:
Intoxicated + ingested aqueous extract.
liver, kidneys and brain tissues cytosol (Fig.2), data
clearly showed that the both HK and PK activities in
cytosolic fractions studied of liver, kidneys and brain
tissues were significantly stimulated under the effect
of cyfluthrin ingestions relative to normal control. In
contrast, LDH activity was significantly inhibited
under the same conditions. The harmful of these
toxic effects of the present pyrethroid insecticide on
the glycolytic enzymes was reduced and ameliorated
by the all three kind treatments of argel (feeding,
ingestion and injection) of plant leaves as well as
their methanolic and aqueous extracts as antioxidant
agents with insignificant variation between the
treatments each other of the intoxicated animals. It
means that argel treatments are protective in animals
subjected to cyfluthrin pyrethroid insecticide.

The data of Figures 1 (A and B) showed elevation in
blood glucose level of intoxicated control group rats
accompanied with sever reduction in liver glycogen
content relative to normal control. These harmful
effects were alleviated in intoxicated rats by argel
different treatments with about insignificant
variation between each other of treatments. These
results are in agreement with previous study, who
found that the induction of pyrethroid (Lamadacyhalothrin) pesticide increased blood glucose then
readjusted by the antioxidant against S. nigrum (4).
Also, the elevated blood glucose and reduction of
liver glycogen by chlorpyrifos ingestion was
alleviated by the antioxidant of carrot (26).
Glycolytic enzymes activity. In the case of
glycolytic enzymes (HK,PK and LDH) activity in
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FIGURE 2
Glycolytic enzymes activity (mmol/min/mg protein) of the experimental rats.
Values are expressed as mean± SEM (n=6). Values not sharing the same superscript letters were
significantly different (P<0.05). G1: Control; G2: Control + 2% argel; G3: Intoxicated; G4: Intoxicated +
2% argel; G5: Intoxicated + ingested methanolic extract; G6: Intoxicated + methanolic extract; G7:
Intoxicated + ingested aqueous extract; G8: Intoxicated + ingested aqueous extract.
processes and conversion of glycogen to glucose
then to energy compounds consequently the enzyme
controlling the limit of hexokinase reaction might be
enhanced. The observed increases in pyruvate levels
and stimulation in HK activity in liver, kidneys and
brain organs of intoxicated rats are matching
stimulation of glycolysis connected by PK and HK
stimulation paralleled with LDH inhibition (27). In
order to the alleviation and improvement of argel
treatments (either semi-modified diet or the
methanolic and aqueous extracts) for intoxicated
rats, argel contains a large amount of antioxidant
compounds especially phenolic or flavonoid
compounds, which play important roles in various
stage of toxicity through its contribution to immune
competence, membrane and DNA repair as
decreasing oxidative stress (10, 28). These were
done by their biological antioxidants which can
prevent the uncontrolled formation of free radicals
and activated oxygen species or inhibit their reaction
with biological structures (29, 30).

Glycolytic
metabolites
content.
In
connection, Fig (3) observed the results of pyruvate
and lactate contents in cytosolic fractions of liver,
kidneys and brain tissues which showed significant
decreases in the both pyruvate and lactate content in
the three organs tissue of cyfluthrin intoxicated rats
relative to normal control. Feeding of argel leaves or
ingestion and injection of their methanolic or
aqueous extracts reduced these toxicity influences of
cyfluthrin for lactate and pyruvate contents
decreased in intoxicated rats tissues. Regarding to
normal rats, the semi-modified diet (2% argel leaves)
did not change any of the all studied parameters
which showed insignificant changes relative to those
of health normal control. The results of the present
work of glycolitic enzymes activity and their
metabolites confirmed each other, where the
pyruvate and lactate contents in the different organs
depended on the rate of glycolysis and in particular
the stimulation of PK and HK as well as the
inhibition of LDH. These may be explained the
decreases in pyruvate and lactate contents in the
studied organs tissue due to the pesticide induction,
which may be due to hormonal regulations which
govern nucleic acids and protein biosynthesis (4).
The increase of glucose uptake requires greater flow
glucose through glycolytic

Antioxidant activity of Solenostemma argel
extracts. The results of total phenolic and flavonoid
compounds as well as total tannins (mg/g D.W) of
argel leaves and their extracts, also the total yield of
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FIGURE 3
Glycolytic metabolites content (mmol/100 mg tissue) of the experimental rats.
Values are expressed as mean± SEM (n=6). Values not sharing the same superscript letters were
significantly different (P<0.05). G1: Control; G2: Control + 2% argel; G3: Intoxicated; G4: Intoxicated +
2% argel; G5: Intoxicated + ingested methanolic extract; G6: Intoxicated + methanolic extract; G7:
Intoxicated + ingested aqueous extract; G8: Intoxicated + ingested aqueous extract.
observed in crude extract followed by methanolic
extract but aqueous one had the lowest value. The
capacity of phenolic compounds from leaves
materials is considerably depend on the type of
solvent. The best extraction efficiency was achieved
by methanol whereas water resulted in lower
phenolic values. The technique of phenolic isolation
from the leaves sample including the methods and
type of extracting solvent depends generally on the
type of phenolic compounds and solvents (32). The
same trend was found with total flavonoids and
tannins obtained by methanolic and aqueous
extracts. The highest value was gained in methanolic
extract but lowest one was observed with aqueous
extract. The obtained results showed that the type of
extraction had different total phenolic, total
flavonoids and total tannins values. The variation
may be related to the polarity of the type of
extraction used in the present study (33). These
indicate that phenolics, flavonoids and tannins
compounds of argel are better extracted by
methanolic than aqueous one (34).

methanolic and aqueous extracts (Fig 4A) showed
that the methanolic extract yield (11.42%) was
higher than the yield of aqueous extract (8.53%) as
dry weight. In connection, total tannins, total phenols
and total flavonoids amount contents of 5.64, 8.72
and 3.80 for leaves juice and 4.31, 6.32, and 2.40 for
methanolic extract but for aqueous extract were 3.39,
4.57 and 1.84 mg/g respectively. The antioxidant
activity results showed that (Fig. 4B), the DPPH
scavenging activity represented as 97.64, 81.72 and
90.11% but for total antioxidant capacity using
ABTS showed 91.23. 80.0 and 90.11% respectively
for methanolic and aqueous extracts and ascorbic
acid as standard. Review the aforementioned results
it is obvious that the different argel treatments
proved to be effective which were defective and
differed according to variation in bioactive
compound types. For that, the use of botanical
treatments against pesticide toxicity depends on
knowing their chemical constituents, thus it is
important to undergo preliminary phytochemical
screening and determination for these plants. Argel
used in the present study alleviated the toxic
damages produced by cyfluthrin pesticide in albino
rats, therefore, our studies were investigated their
phytochemical constituents.
The dried powder of the tested plant and its
extracts were subjected to the biochemical and
antioxidative analysis and the results were presented
in Figure (4 A and B). The different results of yields,
tannins, phenols and flavonoid were related to the
using different solvents and the polarity solvent used
(31). These results are similar to those of Ibrahim et
al. (30). The highest value of total phenolic acids was

Identification of phenolic and flavonoid
compound by HPLC. HPLC was identified and
quantitative analyzed of the phenolic compounds of
argel leaves extracts. Table 1 presents the
composition the phenolic compounds of argel
methanolic and aqueous extracts. The present
extracts were fractionated into 25 compounds. The
composition of phenolic substances in the
methanolic extract was similar to those of aqueous
extract except catechins which presented in aqueous
but not in methanolic extract.
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FIGURE 4
(A) Extract yield%, total tannins (mg tannic acid /g DW), phenolic (mg gallic acid /g DW) and flavonoids
(quercetin mg/g DW) contents of argel extracts. (B) Free radical scavenging activity of different extracts
of Solenostemma argel and ascorbic acid as standard by DPPH and ABTS radicals. Data with different
VXSHUVFULSWOHWWHUVLQWKHVDPHFROXPQZHUHGLIIHUHGVLJQLILFDQWO\ S (DFKYDOXHLVH[SUHVVHGDV
mean of triplicate determinations ± SD.
In the case of flavonoid compounds mg/100g
dry weight (Table 2), methanolic extract of argel
leaves had high levels of hisperdin (366.7), narengin
(138.7), quercetin (114.95), hispertin (94.0), rutin
(89.32) and apigenin (74.1), but for the aqueous
extract of argel leaves had high amount of narengin
(308.75), hisperdin (201.4), rosmarinic acid (142.0),
and rutin (74.11) as the major amount. Gallic acid,
protocatechuic acid, epicatechin, caffeine, caffeic
acid, isoferulic acid, p-coumaric acid and coumarin
had the moderate amounts which ranged between
74.1 and 37.03 mg/100g dry weight for methanolic
extract, while for aqueous one the moderate levels
were observed for protocatechuic acid, chlorogenic
acid, epicatechin, isoferulic acid, 3,4,5 methoxy

In addition the levels of these phenols of the
both extracts can be divided into three categories
which were major, moderate and minor. The results
of Table (1) pointed out that methanolic extract of
argel leaves had high levels (mg/100g dry weight) evanillic acid (602.6), pyrogallol (465.5) ellagic acid
(336.99), ferulic acid (259.11), benzoic acid
(220.12), 3-hyroxy tyrosol (157.14), 3,4,5-methoxy
cinnamic acid (143.11), catechol (130.12) and
vanillic acid (94.0) but the aqueous extract of the
same plant leaves contained high amounts of evanillic acid (1200.1), catechol (232.5), pyrogallol
(230.0), ferulic acid (177.2), saiycilic acid (150.1),
caffeine (105.9), vanillic acid (96.0) and 3-hydroxy
tyrosol (88.41).
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cinnamicacid, p-coumaric acid and coumarin which
ranged from 70.0 to 30.02 mg/100g dry weight. The
3ed category (minor group) was found in case of 4amino-benzoic acid, revestrol, p-coumaric acid and
cinnamic acid, which ranged between 26.5 to 12.03
mg/100g dry weight for the methanolic extract, but
aqueous extract showed gallic acid, 4- aminobenzoic acid, p- hydroxyl-benzoic acid, caffeic acid,
revestrol, p-coumaric acid and cinnamic acid as the
minor levels of phenolic compounds. Only salicylic
acid was determined as a trace component in the
methanolic argel leaves extract.

TABLE 2
Flavonoids compounds of argel with different
extracts (mg/100g DW).
Flavonoid
compounds
Narengin
Rutin
Hisperdin
Rosmarinic acid
Quercetric acid
Quercetin
Narengenin
Kampferol
Hispertin
Apigenin
7-hydroxyflavone
Luteolin

TABLE 1
Phenolic compounds of argel with different
extracts (mg/100g DW).
Phenols
compounds
Gallic acid
Pyrogallol
4-amino benzoic
acid
3-hydroxy tyrosol
Protocatechuic acid
Catechin
Chlorogenic acid
Catechol
Epicatechin
Caffeine
p-hydroxy bezoic
acid
Caffeic acid
Vanillic acid
Ferulic acid
Isoferulic acid
Reverstrol
Ellagic acid
e-vanillic acid
Į-coumaric acid
Benzoic acid
3,4,5-methoxy
cinnamic acid
Coumarin
Salicylic acid
p-coumaric acid
Cinnamic acid

Methanolic
extract
43.47±0.78
465.49±2.5
20.14±0.53

Aqueous
extract
10.01±0.22
230.00±2.16
5.02±0.29

157.14±1.4
67.61±0.63
250.18±2.17
130.12±1.43
74.10±1.06
44.14±0.65
190.32±2.07

88.41±1.2
60.11±0.44
290.11±2.33
70.02±0.49
232.50±1.86
47.00±0.82
105.86±0.93
25.02±0.25

62.09±0.58
94.00±0.63
259.11±2.42
37.01±0.29
12.03±0.19
336.99±3.37
602.60±4.54
62.98±0.47
220.12±2.18
143.11±1.78

20.11±0.32
95.99±0.71
177.21±2.18
48.01±0.36
12.49±0.12
280.21±3.12
1200.10±5.59
31.46±0.29
495.19±3.20
35.02±0.37

37.03±0.41
0.04±0.002
17.79±0.41
26.50±0.25

30.02±0.36
150.11±1.08
14.41±0.30
7.01±0.19

Aqueous
extract
308.75±2.45
74.11±0.62
201.40±2.07
142.00±1.31
57.91±0.42
39.92±0.24
18.02±0.17
7.92±0.11
58.31±0.55
6.72±0.21
0.93±0.08
1.94±0.16

Data expressed as mean of triplicate determinations
± SD.
aqueous extract, quercetin, quercetric acid and
hispertin showed the moderate levels. Dealing with
the minor category narengenin and luteolin had
levels of 19.99 and 9.40 mg/100g dry weight
respectively for the methanolic extract. Also,
narengenin, kampferol and apigenin showed
amounts of 18.02, 7.92 and 6.72 mg/100g dry weight
respectively for the aqueous extract. 7-hydroxy
flavone and luteolin of aqueous extract were
determined in trace level which had 0.93 and 1.94
mg/100g dry weight. These different results between
methanolic and aqueous extracts may be due to the
different constituents and their different
concentrations in the two extracts and related to the
different amount of total phenol and flavonoid in the
both extracts which produced activity closed to
ascorbic acid. These results are confirmed by the
present results of total tannins, phenols and
flavonoids in which, the antioxidant capacity was
increased paralleled with the increasing in contents
of the antioxidant constituents (11). Also, methanol
might be the suitable solvent for antioxidant
extraction from argel leaves and the antioxidant
compounds of different extracts induced different
reactions with free radicals scavenging activity (30).
In general, there is a good relationship between the
chemical structures of their moieties in methanolic
and aqueous extracts with their anti-oxidative
activities. The Number of hydroxylic groups and
their location at the aromatic ring has a profound
influence on the antioxidant phenomenon. Several
researchers established that chlorogenic acid and
flavonoids particularly quercetin and their glycoside
derivatives are the main constituents responsible for
the antioxidant characters and properties (35). The
phenolic and flavonoid constituents have a broad
spectrum of biological activities such as free radical
scavenging activity (36, 37). Finally, it may have
been possible that the phenolic components of argel
inhibited the enzymes involved in the generation of
free radicals, and thereby, reduced the level of free

Data expressed as mean of triplicate determinations
± SD.
Regarding to the phenolic compounds of
methanolic and aqueous extracts, one can deduce the
following observations, protocatechuic acid, vanillic
acid, revestrol, coumarin and p-coumaric acid were
found nearly in equal quantities in the both extracts.
These results showed that there were vast differences
between the phenolic compounds of the both
methanolic and aqueous extracts. In addition,
rosmarinic acid, quercetric acid, kampferol and 7hydroxy flavone observed amounts ranged between
65.55 and 32.31 mg/100g dry weight for the
methanolic extract, while for
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Methanolic
extract
138.7±1.24
89.32±0.67
366.71±3.18
32.31±0.23
65.55±0.56
114.95±1.19
19.99±0.15
35.11±0.37
94.05±0.91
74.11±0.61
57.01±0.27
9.40±0.12
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Biological Trace Element Research 160, 400408.
[8] Jang, I.C., Jo, E.K., Bae, M.S., Lee, H.J., Jeon,
G.I. and Park, E. (2010) Antioxidant and
antigenotoxic activities of different parts of
persimmon (Diospyros kaki cv. Fuyu) fruit.
Journal of Medicinal Plants Research 4, 155160.
[9] Fabricant, D.S. and Fansworth, N.R. (2001) The
value of plants used in traditional medicine for
drug
discovery.
Environmental
Health
Perspectives 109, 69-75.
[10] Shafik, R.E. and Michael, H.N. Antibacterial
and antioxidant activity of two new kaempferol
glycosides isolated from Solenostemma argel
stem extract. (2012) Asian Journal of Plant
Science 11, 143-147.
[11] Shyoub, M., Haj, E., Makawy, A., Rasha, R. and
Mona, A. (2013) Adverse reaction of
Solenostemma argel leaves, extraction and
alkaloids tables administration to patients.
Global Journal of Traditional Medicinal
Systems 2, 14-18.
[12] Al-Deen, A.T. and Al-Naqeb, G. (2014)
Hypoglycemic effect and in vitro antioxidant
activity of methanolic extract from Argel
(Solenostemma argel) plant. International
Journal of Herbal Medicine 2, 128-131.
[13] Osman, H.M., Shayoub, M.E., Munzir, M.E.A.
and Babiker, E.M. (2015) The effect of
Solenostemma argel leaves extract on status of
induced lipid constituents in albino rats
International Journal of Development Research
5, 3828-3830.
[14] Lane-Pert, W. and Pearson, A.E. (1971) Dietary
requirements. In: Laboratory animal principles
and practice. Academic Press, London and New
York, pp. 142.
[15] Trinder, P. (1969) Determination of glucose in
blood using glucose oxidase with an alternative
oxygen acceptor. Annals of Clinical
Biochemistry 6, 24-25.
[16] Rerup, E. and Lundquist, S. (1967) Precipitation
and purification of liver glycogen in rats. Acta
Pharmmic Tox 25, 47-51.
[17] Bergmeyer, U.H. (1974) Methods of enzymatic
analysis. 2nd ed. Academic Press, Inc., New
York, San Francisco and London.
[18] AOAC. (2010) Official Methods of Analysis of
AOAC Intl. 20th ed. Association of Official
Analytical Chemists, Washington DC, USA.
[19] Singleton, V.L. and Rossi, J.A. (1965)
Colorimetry of total
phenolics
with
Phosphomolibdic-phspho-tungestic
acid
reagents. American Journal of Enology and
Viticulture 16, 144-158.
[20] Zhishen, J., Mengcheng, T. and Jianming, W.
(1999) The determination of flavonoid contents
in mulberry and their scavenging effects on

radicals generated (38, 39). In this concern,
phenolics and flavonoids were ranged between
plants and their parts according to the genus species,
varieties and cultivars (40).

CONCLUSION
It can be concluded that Solenostemma argel
treatments against cyfluthrin pyrethroid insecticide
toxicity as antioxidant agent improved the disturbed
carbohydrate metabolism induced by the pesticide.
The solvent used in the extraction play an important
role for plant constituents extracted of S. argel.
These compounds especially phenolic and
flavonoids may be acted as antioxidant agent against
the xenobiotic induced into animals.
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ABSTRACT

INTRODUCTION

Toxic substances, including heavy metals,
may be present in foods; they may also enter the
food chain as a result of human activities, including
industrial or agricultural processes. Mercury, lead,
arsenic and cadmium, among others, rank as some
of the most hazardous metals as they accumulate in
biological tissues in a process known as
bioaccumulation. This process is common among
all living organisms and happens due to the
exposure to metals in the food and environment.
Humans as well as animals suffer the consequences
of heavy metals in their diets. Therefore, it is
crucial to have the heavy metals levels in foods
under control, so as to ensure that human health is
not adversely affected.
In this study, we determined the levels of zinc,
copper, lead and cadmium in potato samples in
Kastriot, a town where .RVRYR¶Vtwo power plants
are situated. We also determined the bioavailability
of these elements from soil samples which can enter
the food chain. For the determination of heavy
metals in bioavailable form, we used the
inductively coupled plasma ± optical emission
spectrometry (ICP-OES) technique; whereas for the
determination of heavy metals in potato we used the
AAS method.
The results of this study show that the
concentration of heavy metals in potato samples are
from 0.78 to 32.25 mg kg-1 for zinc, copper as of
2.34 to 7.55 mg kg-1 and lead from 0.34 to 1.84 mg
kg-1. On the other hand, cadmium was below the
minimal detectable value. Overall, certain
agricultural zones are considered risky to the health
of the local consumers.

Different studies around the world show that
power plants can cause heavy metal pollution.
Pollution can come from atmospheric emission,
coal combustion, industry and domestic emission
etc. [1-4].
3RWDWRHV PDNH XS WKH ZRUOG¶V IRXUWK ODUJHVW
food crop production (after maize, wheat and rice).
They are essential in many diets around the globe
[5-6]. In addition to being a source of highly
digestible carbohydrate and nutritionally complete
protein, the potato is also an excellent source of
other essential nutrients [7-8]. In recent years
different scientists including Farkas et al. [9],
Mansour et al. [10] and Moiseenko et al. [11] has
been increasingly focused on heavy metals
concentrations in vegetables.
Metals like iron, copper, zinc and manganese
are essential for the wellbeing of humans, since
they play an important role in biological systems.
However, the essential heavy metals can also
produce toxic effects, provided that their intake
surpasses the suggested upper limits [12-14]. In
contrast, Alturiqi and Albedair [15] concluded that
mercury, lead and cadmium are toxic and this holds
true even for trace amounts. Hence, inspecting the
trace heavy metals content in potatoes is
imperative. Heavy metals concentrations in plants
is directly linked to their concentrations in soils, but
their levels significantly differ with plant species²
in fact, they may even be affected by genotypes
within the same species [16]. The transfer of metals
from soils to plants is the most common means of
human exposure through the food chain [17, 18].
The concentration of heavy metals in soil is
for the most part a direct result of anthropogenic
pollution. The bioavailability of these elements in
the plants chiefly depends on the physiological
properties of the plants, as well as their cultivation
conditions, soil properties, meteorological weather,
and in particular, the ratio of nutrients. The mobility
of pollutants depends on their type and the pH

KEYWORDS:
heavy metals; pollution; coal power plants; food;
bioavailability.
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value in soils. In this sense, the mobility of lead,
cadmium, zinc and copper is higher in acidic soils.
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

MATERIALS AND METHODS
Area of study. In this study, we specifically
chose an area which is widely known to be a heavy
metal and toxin releaser, due to the coal power
plants residues which are located in the area. To be
specific, the area under consideration is the town of
Kastriot (about ten kilometers from the Kosovar
capital, Prishtina) ZKLFKLVKRPHWR.RVRYR¶VRQO\
two power plants upon which supplies the entire
Kosovar electric system. The objective of this
research work was to monitor the influence of zinc,
copper, lead and cadmium in the potato samples
and its bioavailable form in those samples.
Sampling and preparation of samples. The
soil samples were collected within a horizon of 30
centimeters in depth using the Global Positioning
System (GPS); the potato samples were also taken
in those areas. The potatoes cultivated by smallscale local producers (domestic users) were
analyzed exclusively. The soil and potato samples
were initially dried in room temperature, and then
to 105 oC until constant weights were reached. The
samples were afterwards milled and grinded for
further analysis.

The toxicity and mobility of heavy metals is higher
in acidic soils. The decrease of the pH value
dictates the increase of the metal absorption, thus
increasing their toxicity due to the organic matter
solution. The desorption of metals decreases with
the increase of the pH value due to the irreversible
bond of metals and the formation of complex
compounds [16]. The pH value in our samples
ranges between 5.98 to 7.14 in water and 6.99 to
8.20 in 1 M KCl solution, respectively, thus
showing that the pH value of soil revolves around
the neutral value. (Table 1) The concentrations of
zinc, copper, lead and cadmium in the potato
samples and the bioavailability is shown in Tables 2
and 3, respectively.

Sample digestion. The soil samples were
digested with a variety of acids, including HNO3,
HCl, HF and HClO4 according to the standard ISO
14869-1:2001 [19] while the potato samples were
treated in microwave digestion system using HNO 3
and H2O2. Samples were filtered and leveled up to
50 milliliters with double-distilled water. The
bioavailability was determined by taking ten grams
of dry soil and adding 20 milliliters of 1 M HCl.
The solution was mixed for about two hours, and
was then filtered and leveled up to 50 milliliters.
Finally, the heavy metals were measured with the
inductively coupled plasma ± optical emission
spectrometry (ICP-OES).

TABLE 2
Bioavailability (in mg/kg)
Sample
Cu
Zn
Pb
1
11.84
16.7
25.71
2
11.93
12,64
24,19
3
12.93
24.77
54.21
4
6.88
4.38
12,88
5
11.74
65,0
181.5
6
10.05
8,41
24,48
7
9,16
4,60
20,60
8
13.26
12.71
21.28
9
10.85
8.90
19.94
10
8.53
13.78
37.99
11
12.16
7.83
16,22
12
9.03
12.08
27.84
13
12,00
23,64
206,9
14
14.72
3.68
30.82
15
11.61
3.94
22.53
16
14.45
2.18
19.92
17
11.67
1.01
21.41
18
15.77
3.61
22.60
19
9.44
9,51
24,73
20
8.28
8,18
28,39
21
8,98
64,23
140.9

RESULTS AND DISCUSSIONS
In order to determine the bioavailability, we
used inductively coupled plasma optical emission
spectrometry (ICP-OES). Furthermore, we made
use of atomic absorption spectroscopy for the
determination of heavy metals in potato samples.
Table 1 presents the pH measurements of soil (in
distilled water and 1 M KCl) using the Methrom
instrument.
The pH value in agricultural lands in most
cases varies between the limits of 3.5 to 9.5.
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TABLE 1
pH value in soils
pH in KCl
pH in H2O
7.38
6.69
7.83
6.95
8.02
6.75
8.20
7.14
7.85
6.98
7.32
6.58
7.83
7.10
7.87
6.43
7.92
6.85
7.06
6.05
7.24
5.98
7.41
6.24
7.22
7.09
6.99
6.51
7.52
6.66
7.09
5.98
7.33
6.44
7.16
6.22
8.05
6.92
7.72
7.07
7.91
7.05

Cd
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
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TABLE 3
Potato samples (in mg/kg)
Sample Cu
Zn
Pb
1
5,67
9.65
<0.001
2
4.87
6.42
<0.001
3
6,05
14.05
0.34
4
2.34
2.21
<0.001
5
4,62
18.65
1.47
6
4.94
4.18
<0.001
7
4,69
3.35
<0.001
8
6,54
5.46
<0.001
9
5,32
4.19
<0.001
10
4,61
7.38
0.22
11
6,07
3.87
<0.001
12
4.03
5.69
<0.001
13
5,61
14.62
1.84
14
6,75
1.86
<0.001
15
5,45
2.18
<0.001
16
7,16
1.01
<0.001
17
4,76
0,78
<0.001
18
7,55
2.06
<0.001
19
4,91
5.01
<0.001
20
4,82
3.81
<0.001
21
4,91
32.25
1.02



Cd
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001


 
   



 
 



 




 
   



 
 



 




Previous studies have shown that the lands in
the Kastriot area in which the samples were
collected are contaminated with heavy metals [20].
The concentration of heavy metals, namely Pb, Zn,
Cu and Cd and the bioavailability were determined
in the soil and potato samples collected from the
southern region of the Kosova A power plant,
which is known to be contaminated due to the plant
activity and the ash deposit located in the vicinity.
There are a wide range of reagents which are
appropriate for extraction by ion exchange in
buffered or not buffered mediums [21]. Extraction
with acid reagents is often used to displace forms
that are potentially not easily extracted. In this
context, hydrochloric acid is used to extract Cu, Ni,
Zn, Cd, Pb or Hg [22]. For all of these reasons, the
extraction for plant-available elements in soil
samples in our study was performed in 1 M HCl. A
previous study [20] has shown that copper, whose
maximal concentration in soil was 49.3 mg/kg, was
extracted at 15.77 mg/kg or 31.99%. Similarly,
lead, whose maximal concentration in soil was 425
mg/kg, was extracted at 206.9 mg/kg or 48.67%.
Moreover, zinc, whose maximal concentration in
soil was 583 mg/kg, was extracted at 65 mg/kg,
making for a rate of extraction of 11.15%. And
finally, despite the fact that cadmium was present in
the soil samples, it was not extracted with 1 M HCl.
Therefore, the rank of extraction in 1 M HCl was
Pb>Cu>Zn>Cd. Figure 1 shows a chart of the
extraction capacities of lead, copper and zinc in the
soil samples analyzed in the study.
The Pb concentration in soil depends on
natural factors, but it can also result from the
anthropogenic pollution. It is believed that when
lead is absorbed into plants it cannot be removed by
washing the fruits and vegetables [23].



 
   



 
 




 

FIGURE 1
Extraction capacity in the soil samples for lead,
copper and zinc
The accumulation of Pb in plants depends on the
distance between the plant and the lead emitting
epicenter, as well as on vegetation and its longevity,
wind direction and strength. The Pb accumulation
in plants is more intensive in the roots, as opposed
to the parts above surface. The Pb accumulation
ability of plants may also serve as a prevention
measure for the plant organs growing above
ground. It is assumed that wheat and soy have a
relatively high tolerance towards lead. And in this
sense, potatoes are among those plants with only a
medium Pb accumulation coefficient [24].
The maximum allowed Pb concentration in
fruits and vegetables according to Slovenian
legislation is 0.10 mg/kg in liquid mass and 0.50
mg/kg in solid mass. Comparing the laboratory
results of our measurements with the maximum
allowed Pb content in vegetables, we may conclude
that lead was recorded in five samples and its
concentration ranged between 0.22 mg/kg to 1.84
mg/dm3, while it exceeds the tolerated upper
concentration limit in three samples, thus
suggesting that these potato samples are
contaminated with Pb.
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region under study²that is, the Kastriot area has
become increasingly contaminated in terms of the
pollution levels during the past 50 years due to the
effects of the power plants operating in the zone.
In order to have a clear view of this region, it
is strongly suggested that the zone be monitored
periodically. In this context, water, soil and the
agricultural crops should all be observed, whereas
the farmers in the area are advised not to consume
the fruits and vegetables harvested in the areas
surrounding the ash deposits, unless the zone is
cleaned of pollutants.

The concentration of copper in plants depends
on its concentration in soil. Generally, the solubility
(and mobility) of copper in the ground increase as
the soil acidity also increases; and decreases with
the increase of the pH values of the soil (e.g. by
adding calcium). The mobility of copper in plants
varies between three to 15 milligrams in dry matter.
The concentration of Cu, which is above 15 mg/kg,
is relatively high. This element can prove to be
toxic if its total concentration in the soil varies
between 25 to 40 mg/kg, and if the soil pH value is
smaller than 5.5 (which was not the case in our
study).
Zinc belongs to the group of elements with
high plant mobility. When the Zn concentration in
the environment is high, it gets deposited in the
roots of the plants. The concentration of zinc in the
plant¶V dry matter ranges between 15 to 150 mg/kg,
and is usually between 20 to 50 mg/kg. On another
note, zinc is a heavy metal with medium toxic
effects, and its potential hazards for plants are
smaller than those of copper. The symptoms of its
high concentration in plants occur more often in
acidic lands and are noticeable only when its
concentration in the dry matter exceeds 300 mg/kg.
The resulting values from our study show that the
concentration of zinc in our samples ranges
between 0.78 mg/kg to 32.25 mg/kg. Once the
concentration of zinc exceeds 150 mg/kg in the dry
matter, it is safe to assume that one is dealing with
critical values. None of the samples in our study
showed a zinc concentration above the upper limit.
Cadmium is an element with a strong toxic
impact on plants. Some plants possess the ability to
accumulate cadmium absorbed from the soil. The
maximum allowed concentration of Cd in fruits and
vegetables is 0.050 mg/kg in liquid mass. Similarly,
the maximum allowed Cd concentration in certain
other vegetables (including potatoes) is 0.10 mg/kg
in liquid mass. The laboratory results from the
studied samples show the concentration of Cd to be
smaller than 0.001 mg/kg, regardless of the fact that
this metal was found in the soil samples in
significant concentrations.
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BACTERIOPLANKTON CHARACTERISTICS AND WATER
CHEMISTRY IN TWO MAJOR TRIBUTARIES OF
DRINKING WATER SOURCE
Slavica S Ciric*, Bozidar N Milosevic, Zoran Z Ilic, Zvonko Lj Spasic, Nadica D Tmusic
University of Pristina, Faculty of Agriculture, Lesak, Serbia

Measurement of the physical and chemical
parameters of a river can serve as indicators of some
form of pollution. Higher level of turbidity are often
associated with higher levels of disease causing
microorganisms such as viruses, parasites and some
bacteria. Increases in concentrations of phosphorus
are caused by point and diffuse emissions from the
river catcments such as wastewater inlets and
agriculture intensely using fertilizers and manure
[4]. Nitrogen compounds come into water supplies
with fertilizers, manure and urine from feedlots and
pastures, sewage, and landfills [5]. High nitrate level
in surface water may result in elevated levels of
disinfection by-product in treated drinking water
which is linked to many health problems in humans
[6].
Heterotrophic bacteria play a decisive role in
river ecosystems in degrading organic matter that is
derived rather from allochthonous than from
autochthonous sources [7]. Their contribution to
self-purification processes of rivers is of great
interest within the scope of water quality assessment.
Bacteria are ideal sensors because of their fast
response to changing environmental conditions. It is
well known that although biological and chemical
water quality may be acceptable, bacteriological
parameter might be detected in critical
concentrations [8]. Important parameter in the
description of bacteria is shape (rods, cocci, curved
forms). It is believed that changes in morphology of
prokaryote cells can be a sensitive indicator of
changes in aquatic and terrestrial environment [9].
Prevention of river pollution requires effective
monitoring of physico-chemical and microbiological parameters [10].
The main points addressed in this paper are: (1)
to determine the main physical and chemical
parameters of the water in investigated rivers during
all seasons of the year, (2) to determine the total
count of bacteria in the rivers, (3) to examine the
morphological structure of bacterioplankton, (4) to
examine whether there were significant correlations
among physical, chemical and bacteriological
characteristics of water, and (5) to examine whether
there was a significant difference in water quality
between sampling sites.

ABSTRACT
5DVLQDDQG%ODWDãQLFDWZRPDMRUWULEXWDULHVRI
GULQNLQJ ZDWHU VRXUFH UHVHUYRLU ûHOLMH ZHUH
sampled during one year investigation. The
parameters that were determined were as follows:
water
temperature,
KMnO4
consumption,
concentrations of nutrients (total phosphorus,
orthophosphates, ammonia nitrogen, nitrites,
nitrates), and total bacterial count. Also, the
morphotype diversity of bacterioplankton was
LQYHVWLJDWHG%DVHGRQWKHVHSDUDPHWHUV%ODWDãQLFD
had significantly poorer water quality than Rasina,
primarily due to increased levels of total phosphorus,
orthophosphates, ammonia nitrogen, and total
bacteria. Also, Rasina had a worse quality of water
DIWHUWKHLQIORZRI%ODWDãQLFDWKDQPRUHXSVWUHDP
The dominant bacteria morphotype at all sites
were rods, followed by cocci and curved forms.
Abundance of the rods was positively correlated
with water turbidity, KMnO4 consumption and
concentration of ammonia nitrogen. Abundance of
cocci was also correlated with these parameters,
including total phosphorus, orthophosphates and
nitrites, but negatively. Curved bacteria were the
only bacterial type showed positive correlation with
water temperature.
KEYWORDS:
Bacterioplankton, water chemistry, rivers, pollution

INTRODUCTION
Rivers are waterways of strategic importance
across the world, providing main water resources for
domestic, industrial and agricultural purposes [1].
Contamination of river systems by point and
non-point sources of pollution degrades water
quality and affect its use for domestic, agricultural
and recreational purposes [2]. Pollution of
freshwater bodies such as rivers, streams, lakes and
ponds is mostly experienced as result of industrial
discharge, municipal waste disposal and surface runoff [3]. This is particularly important when it comes
to the water that are sources of drinking water or
directly affect them.
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Reka and Burmanska Reka. After the merger of
these two rivers, the Rasina river is formed. It is 92
km long river, and has a catchment area of 981 km2.
At the intersection of the Razbojna - Brus - Blace
URDG %ODWDãQLFD IORZV LQWR WKH 5DVLQD %ODWDãQLFD
springs on the southern slopes of the mountain
Jastrebac. It is 18 km long river, and has a catcment
area of 115 km2. Immediately after the inflow of the
BlataãQLFDWKH5DVLQDIORZVLQWRWKHUHVHUYRLUûHOLMH
 NP IURP WKH WRZQ RI .UXãHYDF 7KH UHVHUYRLU
ûHOLMHZDVIRUPHGE\GDPPLQJWKHULYHU5DVLQDDQG
serves as drinking water source for the population of
this region. In its upper course the Rasina is largely
spared from the effects of anthropogenic factor of
pollution, until the Brus, where the river receives the
wastewater of different origins. Going downstream,
the risk of pollution reduces and the river gradually
recovers, but going into the valley it receives
industrial and municipal wastewater from the
catchment area Brus - Blace, through its tributaries,
SULPDULO\IURPWKH%ODWDãQLFD

a)

Sampling. The sampling sites of the rivers are
VKRZQLQ)LJE%ODWDãQLFDZDVVDPSOHGEHIRUHWKH
inflow into the Rasina (B; 43°35'99''N, 21°17'49''E),
at a depth of about 20 cm. Rasina is sampled at two
ORFDOLWLHV 5, EHIRUH WKH LQIORZ RI WKH %ODWDãQLFD
(43°34'55''N, 21°13'10''E), and RII, after the inflow
RIWKH%ODWDãQLFDDQGMXVWEHIRUHWKHHQWHULQJRIWKH
Rasina into the reservoir (43°37'86''N, 21°16'48''E).
At both sites, the samples were taken from a depth
of about 40 cm. Sampling was done once a week,
from January to December of 2014.
Samples were taken into a Van Dorn type 3-L
plastic bottle, and sub-samples of 10 ml each were
fixed in 1% buffered glutaraldehyde. Prior to
fixation, the samples were diluted (1 ml of the
sample was added to a test tube with 9 ml of the
solution for dilution). Solution for dilution was made
as described by Kepner and Pratt [11].

b)

Physical and chemical analyses. Water
temperature was measured in situ by using a
mercury-filled Celsius thermometer, with 0.1 °C
precision.
Turbidity of water was measured nephewlometrically, using Eutech Instr. TN-100, and
expressed as nephelometric units - NTU.
KMnO4 consumption was determined by
cooking in an acid medium and titration using the
Kübel-Tiemann method, which is based on the
principle that an oxidating organic matter reduces
KMnO4 [12].
The concentrations of inorganic nutrients (total
phosphorus, orthophosphates - PO4-P, ammonium
nitrogen - NH4-N, nitrite nitrogen - NO2-N, nitrate
nitrogen - NO3-N) were determined spectrophotometrically, as described by APHA-AWWA-WEF
[13], and expressed as mg.L-1.

FIGURE 1
Geographic location of investigated area (a) and
sampling sites: B - %ODWDãQLFD5,- Rasina I and
R II - Rasina II (b)

MATERIALS AND METHODS
Study area. 7KH%ODWDãQLFDDQGWKH5DVLQDDUH
the rivers in south central Serbia (see Fig. 1a).The
Rasina springs on the slopes of the mountains RI*Rþ
DQGäHOMLQIURPWKHKHDGZDWHUVRIWKHULYHUV9HOLND
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Bacterioplankton
abundance
and
morphology. Staining of samples was carried out
with buffered acridine orange solution (final
concentration: 100 μg.ml-1). Two ml of diluted
sample was mixed with the same volume of the dye.
After 5 min of staining, 2 ml of each sample was
filtered through a black membrane filter
ISOPORETM (Millipore Corp.) with a diameter of 13
mm and pore diameter of 0.2 μm. These filters have
filtration field area of 78.54 mm2 [14]. As a
supporting filter, a white nitrocellulose filter
Sartorius, with diameter of 13 mm and pore diameter
of 0.45 μm, was used. The stained samples were
filtered using a Millipore filtration device made of
stainless steel, with a filtration sieve of 13 mm in
diameter as well as sterile, plastic disposable 10-ml
syringes. After the filtration of samples, filters were
rinsed with a small amount of distilled water,
previously sterilized by membrane filtration.
Filters were viewed under an Olympus BX51
epifluorescence microscope equipped with 100-W
mercury lamp and UPLFLN 100x objective lens.
Immersion oil with low fluorescence, produced by
ROTH (Germany), was used. Total bacteria were
counted under a UV-2A filter (Ex 330-380). Bacteria
were counted from twenty fields of each filter, and
the average number was taken as the average number
of bacteria per field. The total number of bacteria in
1 ml of water sample was calculated by the formula:

ܶ ൌ 

ேൈΤ


(1)

where: T = total bacterial count per ml; N =
average number of bacteria per field; A = filtration
field area (78.54 mm2); a = the field of view area
(0.031416 mm2); V = volume of filtered sample.
Within bacteria, three morphotypes were
distinguished: rods, cocci and curved forms (C shaped and S - shaped cells).
Statistical analyses. One-way analysis of
variance (ANOVA) was applied and resulted F
values showed the significance of differences in
physical, chemical and bacterioplankton parameters
between sampling points.
Pearson coefficient correlation model was
applied and r values were computed to find
significant correlation among different physical,
chemical and bacteriological parameters of examined sites.

RESULTS AND DISCUSSION
Water chemistry. Seasonal distribution of
some physical and chemical parameters of
investigated rivers are shown in Table 1. The water

TABLE 1
Seasonal distribution of some physical and chemical parameters of investigated rivers
Season
Sampling
Parameter
site
Winter
Spring
Summer
Autumn
B
2.9
11.0
16.7
10.2
Water
RI
3.1
11.1
16.4
10.3
temperature (°C)
RII
3.1
11.3
16.4
10.3
B
5.97
34.80
3.60
2.60
Turbidity
RI
1.40
7.43
3.93
2.20
(NTU)
RII
1.85
13.77
3.80
2.13
KMnO4
B
23.83
25.90
19.05
24.34
consumption
RI
11.54
10.72
11.96
13.06
RII
12.81
12.50
11.33
11.36
(mg.L-1)
B
0.804
0.437
0.793
2.040
Total phosphorus
RI
0.066
0.040
0.090
0.076
(mg.L-1)
RII
0.109
0.070
0.127
0.152
B
0.594
0.270
0.685
1.703
PO4-P
RI
0.051
0.019
0.051
0.057
(mg.L-1)
RII
0.084
0.047
0.096
0.152
B
2.467
1.209
2.637
2.206
NH4-N
RI
0.126
0.031
0.051
0.064
(mg.L-1)
RII
0.311
0.111
0.116
0.143
B
0.036
0.067
0.243
0.132
NO2-N
RI
0.006
0.005
0.016
0.006
(mg.L-1)
RII
0.009
0.016
0.033
0.013
B
0.788
0.936
1.313
1.141
NO3-N
RI
1.061
1.227
1.081
0.713
(mg.L-1)
RII
1.283
1.448
1.052
0.810
B - %ODWDãQLFDRI - Rasina I, RII - Rasina II
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10.2
10.22
10.67
11.74
3.74
5.39
23.28
11.82
12.02
1.019
0.068
0.115
0.813
0.044
0.095
2.129
0.068
0.170
0.120
0.008
0.018
1.044
1.021
1.148
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temperature reached the maximum in June (17.0 °C,
at all three locations), and the minimum in January
(0.0 °C), which was correlated with air temperature
(data is not shown). The average annual value of the
water temperature, and average seasonal values
among the examined sites showed no significant
differences (Table 2). Water temperature was not
correlated with any physicochemical parameter
(Table 3).
Turbidity is a measure of the transparency of
water, which depends on the presence of suspended
particles: phytoplankton, sediments incurred as a
result of erosion, water contamination by different
wastes, etc. The suspended particles absorb heat
from sunlight which makes the water warmer and
reduces the concentration of oxygen in the water.
Also, the suspended particles allow for heavy metals
and many other toxic organic compounds and
pesticides to be attached. Water turbidity ranged
from 1.00 NTU (September, RI and RII) to 88.00
NTU (March, B), with a mean of 5.57 NTU. In
relation to the season, significantly the highest value
of turbidity was reached in the spring, while among
the other seasons these values did not vary
significantly. Spring is a wet season in this region,
and this water along with waters incurred by snow

melting carried different material from the riversides
and entered it into the rivers increasing their
turbidity. Higher turbidity in the wet than dry season
has also been observed by Ogbuagy et al. [15]. Water
turbidity of river Rasina was noticeably lower than
LQWKH%ODWDãQLFDDQGVLJQLILFDQWO\ORZHUSULRUWRWKH
LQIORZRI%ODWDãQLFD 7DEOH  %ODWDãQLFDUHFHLYHV
wastewaters from the settlements through which
passes and flows into the Rasina increasing its
turbidity. Therefore, the turbidity of Rasina after the
inflow of tributary was higher then before, although
this difference was not statistically significant.
Turbidity was correlated only with KMnO4
consumption among physicochemical parameters.
The highest average value of KMnO4
consumption, as a measure of the organic load of
ZDWHU ZDV QRWHGLQ%ODWDãQLFD PJ/-1), and
was significantly higher then in the two localities of
Rasina, between which the differences were
negligible. Based on average annual value of
KMnO4 FRQVXPSWLRQULYHU%ODWDãQLFDEHORQJVWRWKH
watercourses of class IV, and Rasina falls in the class
of II [16]. Besides turbidity, KMnO4 consumption
was strongly correlated with concentration of total
phosphorus, orthophosphates and ammonium
nitrogen (Table 3).

TABLE 2
Results of variance analysis of physical and chemical parameters at three sampling points
Parameter
Water temperature
(°C)

Turbidity (NTU)

KMnO4 consumption
(mg.L-1)
Total phosphorus
(mg.L-1)
Orthophosphates (PO4P)(mg.L-1)
Ammonium nitrogen
(NH4-N)(mg.L-1)
Nitrite nitrogen (NO2N)(mg.L-1)
Nitrate nitrogen (NO3N)(mg.L-1)

Compared sampling
points

Calculated
F-value

B vs. RI

0.00

B vs. RII
RI vs. RII

0.00
0.00

B vs. RI

5.29

B vs. RII
RI vs. RII

3.74
0.39

B vs. RI

62.08

B vs. RII
RI vs. RII

60.80
0.05

B vs. RI

14.42

B vs. RII
RI vs. RII

13.12
6.94

B vs. RI

11.40

B vs. RII
RI vs. RII

9.91
9.04

B vs. RI

18.63

B vs. RII
RI vs. RII

16.80
6.77

B vs. RI

5.29

B vs. RII
RI vs. RII

4.41
4.58

B vs. RI

0.01

B vs. RII
RI vs. RII

0.20
0.63

Tabulated
F-value IRUĮ 

Tabulated
F-YDOXHIRUĮ 

4.30

7.95

NS
NS

4.30

7.95

NS
NS

4.30

7.95

4.30

7.95

4.30

7.95

4.30

7.95

4.30

7.95

4.30

7.95

NS

S

GS
GS
NS
GS
GS
S
GS
GS
GS
GS
GS
S
S
S
S
NS

NS - Non-significant; S - Significant; GS - Greatly significant
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TABLE 3
Average coefficient of correlation (r) among physical and chemical parameters
of three different sites
KMnO4
Total P
PO4-P
NH4-N
NO2-N
Parameters
Temp.
Turbidity
consump.
1
Temp.
- 0.22
1
Turbidity
KMnO4
1
- 0.19
0.45b
consump.
0.11
- 0.04
0.62c
1
Total P
0.14
- 0.12
0.57c
0.99c
1
PO4-P
0.66c
0.67c
1
0.043
- 0.07
0.63c
NH4-N
0.29
- 0.09
0.30
0.55c
0.57c
0.73c
1
NO2-N
- 0.03
0.18
- 0.01
0.14
0.14
- 0.21
0.24
NO3-N
b

1

c

p<0.01; p<0.001
location of RI. The average annual value of
orthophosphates in Rasina was 0.070 mg.L-1, which
puts this river in the waters of class II, while
%ODWDãQLFDIDOOVLQWRFODVV9>@,QWKHSHULRG2007, the mean value of orthophosphates in Rasina
was 0.110 mg.L-1 and showed a declining trend [22].
This trend obviously continued further. In the period
1971-2011 erosion rate in the Rasina watershed
decreased and the sediment yield also decreased
[23]. The reason for this was the decreasing in the
population in this region. The percentage of the
population engaged in agriculture also decreased, as
did the general activity of the population. Besides
KMnO4 consumption, the concentration of
orthophosphates and total phosphorus, significant
correlated with ammonia and nitrite nitrogen (p <
0.001).
In addition to phosphorus, nitrogen is another
important element that significantly affects the
eutrophication of aquatic ecosystems. Mineral
nitrogen compounds in the water usually occur as a
result of the degradation of proteins discharged from
municipal and industrial wastewater. Nitrites are one
of the nodal points in the ecological transport of
nitrogen as intermediate products of mineralization
on one side, and denitrification on the other. As a
very unstable oxidizable compounds, nitrites may
point to the intense mineralization and hypoxia.
Since they were constantly present in the rivers, they
indicated the intense processes of detritus decay and
semianaerobic status [24].
Of the total mineral nitrogen at the site B the
lion's share belonged to the ammonia nitrogen
(65%), while at the sites RI and RII the nitrate
nitrogen was the most represented (93% and 86%,
respectively). The nitrite nitrogen had the smallest
share at all locations (4%, 0.7% and 1%). According
WR 0DOMHYLü DQG %XJDUVNL >@ LI WKH ZDWHU LV
polluted in recent past, almost all the nitrogen is in
the form of ammonium ions. The presence of nitrites
together with ammonium ions,

Phosphorus is an essential element for the
growth of organisms in the water, and is the nutrient
that limits the primary production in aquatic
ecosystems. The amount of phosphorus in the water
depends on the input of this element from the
catchment area through wastewaters or drainage
from agricultural land [17]. During the year, both
rivers showed the large fluctuations in the amount of
phosphorus, which was connected to the flow and to
their main polluters ie. the settlements of Brus and
%ODFH7KHDPRXQWRIWRWDOSKRVSKRUXVLQ%ODWDãQLFD
ranged from 0.437 mg.L-1 in spring (min. 0.420
mg.L-1, March) to 2.040 mg.L-1 in the autumn (max.
3.260 mg.L-1, September), and in Rasina from 0.040
mg.L-1 in spring (min. 0.038 mg.L-1, RI, March) to
0.152 mg.L-1 in the autumn (max. 0.174 mg.L-1, RII,
October). According to the average annual values of
WRWDOSKRVSKRUXV 7DEOH %ODWDãQLFDEHORQJVWRWKH
waters of class V, and Rasina to the class II [18]. In
another Serbian river, Velika Morava, significantly
higher concentrations of phosphorus compounds in
all seasons have been reported, especially in the fall
(on average 35.8 mg.L-1), when intensive
agricultural activities are happening and comes to
the significant input of fertilizers [19]. The content
of the total phosphorus in Rasina, at both sites, was
very close to that recorded in some German rivers,
ZKLOHLQ%ODWDãQLFDLWZDVVLJQLILFDQWO\KLJKHU>@
$FFRUGLQJ WR 6DYLü HW DO >@ WKH FRQWHQt of
phosphorus in natural watercourses is less than 0.025
mg.L-1, and concentrations over 0.05 mg.L-1, which
is the case with 100% of the samples from the sites
B and RII, and 70% of the samples from the site RI,
are the result of the extensive human impact.
Orthophosphates made the highest percentage
share of all the phosphorus compounds, especially in
%ODWDãQLFD DQG DW WKH VLWH DIWHU LWV LQIORZ 5,, 83%). The highest concentration of orthophosphates
ZDV UHFRUGHG LQ %ODWDãQLFD  PJ/-1);
significantly higher than in Rasina. Under the
influence of tributary, site RII had a significantly
higher content of orthophosphates in relation to the
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TABLE 4
Results of variance analysis of bacterioplankton at three sampling points
Tabulated
Tabulated
Compared
Statistical
Calculated
F-value for
F-value for
Parameter
sampling
conclusion
F-value
Į 
Į 
points
B vs. RI
25.21
GS
Total bacterial count
4.30
7.95
B
vs.
RII
16.60
GS
(TBC.ml-1)
RI vs. RII
1.81
NS
B vs. RI
1.07
NS
B vs. RII
0.55
4.30
7.95
NS
Rods (cells.ml-1)
RI vs. RII
0.15
NS
B vs. RI
6.75
S
B vs. RII
0.93
4.30
7.95
NS
Cocci (cells.ml-1)
RI vs. RII
2.27
NS
B vs. RI
5.20
S
B vs. RII
0.01
4.30
7.95
NS
Curved (cells.ml-1)
RI vs. RII
7.39
S
NS - Non-significant; S - Significant; GS - Greatly significant
DPPRQLDQLWURJHQ%ODWDãQLFDEHORQJHGWRWKHZDWHUV
of class V, while Rasina changed from the class of II
(RI) to the class of III (RII). Based on the average
DQQXDO YDOXH RI QLWULWH %ODWDãQLFD EHORQJHG to the
class of III, and Rasina changed from the class of I
(RI) to the class of II (RII). In the case of nitrates,
both rivers were classified into class of I. In most
cases, the main reason for the poor quality of surface
waters are high concentrations of nitrate and
phosphate [26, 27].

indicates that some time has passed since the
pollution. If nitrate is present only, it means that it's
long time from entering of pollution and that there
has been autopurification by oxidation of ammonia
and nitrite to nitrate. Since the rivers contained all
three forms of mineral nitrogen, this indicates to a
constant and long-term pollution. The concentrations
RIDPPRQLDDQGQLWULWHQLWURJHQLQ%ODWDãQLFD were
significantly higher than in the Rasina (both sites).
The high content of these forms of nitrogen in
%ODWDãQLFD FRQWULEXWHG WR D VLJQLILFDQWO\ KLJKHU
content at the site RII in relation to the site RI. The
content of some forms of
nitrogen suggests tKDW%ODWDãQLFDLVWKHPDLQGRQRU
of nitrogen compounds into the Rasina. In addition,
it is believed that the presence of the ammonium
compounds in a concentration greater than 0.2 mg.L1
can be toxic to fish and other living organisms [21].
,Q %ODWDãQLFD all samples exceeded this limit. In
Rasina, 10% of the samples at the site RI, and 30%
of the samples from the site RII, exceeded limit.
Based on the concentrations of

Bacterioplankton characteristics. The total
bacterial count at three locations by months is given
in Fig. 2. The total abundance of bacteria ranged
from 6.06x106 cells.ml-1 in Rasina (RI; December) to
a maximum of 2.75x107 cells.ml-1 LQ%ODWDãQLFD %
-XQH 
%ODWDãQLFD
ZDV
PRUH
EXUGHQHG
bacteriologically with an average bacterial
abundance of 1.88x107 cells.ml-1. This is because
this river receives municipal and industrial
wastewater, and there are waste dumps on its
riverbanks.

FIGURE 2
Total bacterial count (TBC, cells.ml-1; mean values) in rivers by months
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FIGURE 3
Percentage of bacteria morphotypes in rivers
bacteriologically than the site RI, but this difference
was not statistically significant.
The total abundance of bacterioplankton in
Rasina was similar to the other rivers in the region,
ZKLOH%ODWDãQLFDVKRZHGKLJKHUEDFWHULRORJLFDOORDG
[30].
In the Serbian legislation, there is no
classification of waters based on direct
(microscopic) number of bacteria, but only on the
basis of cultivation methods results. According to
$PEUD]HQH >@ %ODWDãQLFD 5LYHU EHORQJHG WR WKH
class of very polluted waters, which is a class "purer"
water than previously established [29]. This is
probably due to the closure of factories in the region,

In addition, there is pollution from agricultural areas,
by which the large amounts of fertilizers and
pesticides enter into the water [28]. Rasina also
receives wastewater along its course, but it is less
polluted because it is larger river and has a much
greater amount of water, so this pollution is
somewhat
diluted.
Earlier
studies
of
bacterioplankton in these rivers have shown the
similar results [29]. The average number of bacteria
at the site RI was 1.09x107 cells.ml-1, and at the site
RII 1.24x107 cells.ml-1. These values were
significantly lower than the number of bacteria at the
site B (Table 4). Due to the influence of the tributary,
the site RII was more burdened
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as well as reducing the number of residents who are
engaged in agriculture and declining population in
general. Rasina, going downstream, changed from
class of moderately polluted waters (RI) to the class
of very polluted waters (RII).
Bacteria were differentiated into morphotypes
of rods, cocci and curved bacteria. Presentation of
the individual bacterial morphotypes in the rivers is
shown in Figs. 3 and 4. At all locations, the rods
dominated ranging from 49.59% at the RI site
(December), to 79.18% at B site (March). Cocci
ranged from 19.05% at B site (March), to 47.63% at
the RI site (December), while the curved bacteria
were present from 0.96% at B site (February), to
11.77% at the same site in April.
In the rivers, the rods were dominant (59.8762.75%), followed by cocci (30.27-35.85%) and
curved bacteria (4.28-6.98%) (Fig. 4). Very similar
diversity of bacteria morphotypes has been observed
LQ WKH UHVHUYRLU ûHOLMH >@ ZKRVH PDLQ WULEXWDU\
rivers were investigated in this study.
There was no statistically significant difference
in the number of rod-shaped bacteria between
sampling sites (Table 4). The only significant
difference in the number of cocci was observed
between sites B and RI, ie. it was significantly
VPDOOHUQXPEHURIFRFFLLQ%ODWDãQLFDWKDQLQ5DVLQD
before the inflow of BODWDãQLFD
As far as the curved forms, they were present at
least at the site RI, significantly less than at the sites
B and RII. There was no statistically significant
difference in the number of curved bacteria between
sites B and RII.
Quantitative
data
on
bacterioplankton
morphology are lacking for Serbian rivers. Araújo
and Godinho [33] found predominance of rod shaped
bacteria in almost all their sampling, with the second
most abundant being cocci. Farjalla et al. [34] found
predominance of rods, representing up to 90% of
density. In contrast, Teixeira et al. [35] noted that
cocci were more abundant and vibrio shape never
represented more then 25% of density.


FIGURE 4
Contribution of bacteria morphotypes in the
total bacterial counts of rivers

TABLE 5
Average coefficient of correlation (r) among
physical, chemical and bacteriological
parameters of three different sites
Parameters
Temperature
Turbidity
KMnO4
consumption
Total P
PO4-P
NH4-N
NO2-N
NO3-N

TBC
0.31
0.47b

Rods
0.25
0.60c

Cocci
0.30
- 0.49b

Curved
0.44b
- 0.30

0.56c

0.53c

- 0.56c

0.33a

0.26
0.22
0.40a
0.37a
0.07

0.17
0.12
0.41a
0.29
0.24

- 0.42a
- 0.41a
- 0.57c
- 0.48b
- 0.14

0.32
0.35a
0.48b
0.39a
- 0.26

Relationships between physicochemical
parameters and bacterioplankton. The highest
average number of bacteria in rivers was recorded in
March, 1.88x107 cells.ml-1, when the average water
temperature was 4.3 °C, while the lowest number of
bacteria was recorded in December, with an average
water temperature of 6.8 °C. Statistical analysis
showed that the bacterioplankton abundance was not
correlated with temperature (Table 5), which means
that bacterioplankton growth was well adapted to
ambient temperatures [36]. This is consistent with
some results of Maqbool et al. [37]. Some authors

TBC - Total Bacterial Count; a p<0.05; b p<0.01;
p<0.001

c
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observed a positive relationship between water
temperature and the abundance of bacteria [30, 38].
A significant positive correlation of bacterial
count was observed with turbidity, KMnO4
consumption and mineral forms of nitrogen
(ammonia and nitrite nitrogen). There was no
significant correlation between the bacterial count
and concentrations of phosphorus compounds (Table
5). This has been observed in other Serbian rivers,
too [19]. In the months in which the greatest bacterial
abundance was recorded, the content of phosphorus
compounds was very low, and vice versa. This
negative influence of phosphate concentration on
abundance can indicate competition, because these
conditions
would
increase
phytoplankton
development. Bacterioplankton is more efficient in
assimilating nutrients in low concentrations, and in a
rich environment it could be suppressed by
phytoplankton growth [39, 40]. The results are
consistent with findings of other authors. Huitu and
Arvola [41] recorded a positive correlation between
the abundance of bacteria and nutrient content
(nitrogen and phosphorus), and that the correlation
between abundance of bacteria and nitrogen content
was much stronger.
The number of rod-shaped bacteria
significantly positively correlated with turbidity,
KMnO4 consumption and content of ammonium
nitrogen, while the correlation of the number of
cocci with these parameters was also significant, but
negative. In addition, cocci showed significant
negative correlation with the content of the
phosphorus compounds, as well as with nitrites.
Curved bacteria were the only showed a
significant positive correlation with water
temperature. Also, they correlated with KMnO4
consumption, orthophosphates, ammonia and nitrite
nitrogen.
Relatively few studies have so far dealt with
bacterial shape in relation with environmental
parameters. Significantly greater presence of cocci,
in relation to the rod-shaped bacteria, in
environments less burdened with pollution, has been
UHFRUGHG LQ WKH UHVHUYRLU ûHOLMH >@ $FFRUGLQJ WR
Sigee [42], the shape of cells can be related to
nutrients availability in the system, because the
variation in the surface/volume ratio implies directly
in the capacity of nutrients absorption. Considering
this, the distribution of cocci in this work might be
explained with better adaptation to water containing
low organic substrates by their better surface to
volume ratio when compared with rod-shaped and
curved bacteria [43]. In the Warta River, it was
observed dominance of cocci (56.8%), and much
lower values of nutrients, primarily orthophosphates
and ammonia nitrogen, in relation to the rivers in this
work [30].

CONCLUSIONS
In this paper, the quality of the main tributaries
RI GULQNLQJ ZDWHU VRXUFH RI UHVHUYRLU ûHOLMH ZDV
H[DPLQHG %ODWDãQLFD KDG XQVDWLVIDFWRU\ TXDOLW\
while Rasina had much better quality. The main
causes of poor water quality were high
concentrations of total phosphorus, orthophosphates
and ammonia nitrogen as well as a great number of
total bacteria.
A significant difference in the water quality of
the river Rasina between two sites, was noted. After
the inflow of tributary, in the water of Rasina the
content of total phosphorus, orthophosphates,
ammnia and nitrite nitrogen, increased. Also, the
total bacterial count increased significantly. Because
of that, after the inflow of the tributary, Rasina
changed from the class of IV to the class of V.
Among the physical and chemical parameters
of the rivers, the significant positive correlations of
KMnO4 consumption with turbidity, total
phosphorus, orthophosphates and ammonia
nitrogen, were observed. Total phosphorus and
orthophosphates were significantly positively
correlated with ammonia and nitrite nitrogen.
Significant positive correlations between total
phosphorus and orthophosphates, as well as between
ammonia and nitrite nitrogen were recorded, too.
The total number of bacteria was significantly
positively correlated with turbidity, KMnO4
consumption, ammonia and nitrite nitrogen.
Morphologically, at all sites, rods were
dominant, followed by cocci and curved bacteria. It
was found that the increase of organic pollution of
the water led to a significant increase in number of
rod-shaped bacteria and the simultaneous significant
decrease in the number of cocci.
7KLVVWXG\VKRZHGWKDWWKHULYHURI%ODWDãQLFD
significantly jeopardized the quality of the river of
Rasina, which directly flows into the reservoir. It is
necessary to take measures to protect BlataãQLFD
from further pollution, in order to avoid endangering
the water supply of a large number of inhabitants.
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can affect food quality and safety, increasing
incidences of cancer, leukemia, reproductive
disorders, and kidney or liver damage [8].
Wastewater irrigation contribute significantly
to the heavy metal contents of soils [9]. The
excessive accumulation of heavy metals in
agricultural soils through wastewater irrigation, may
not only result in soil contamination, but also lead to
elevated heavy metal uptake by crops and thus affect
food quality and safety [10]. Certain trace metals are
vital for plants playing important tasks in plant
metabolism and biosynthesis both as cofactors for
enzymes and as metabolic yields [11]. The economic
development of the society towards large-scale
urbanization and industrialization is leading to
production of huge quantities of wastewaters [12].
The sewage effluents are considered not only a rich
source of organic matter and other nutrients but also
they elevate the level of heavy metals in receiving
soils [13]. Sediments have been widely used as
environmental indicators and their ability to trace
contamination sources and monitor contaminants is
largely recognized. They play an important role in
the assessment of metal contamination in natural
waters [14]. The main objective was to investigate
the concentration of heavy metals in the amended
industrial polluted soil and to compare the soil
collected from two different fields.

ABSTRACT
Heavy metal concentrations in the industrially
polluted soils (wheat field soil and onion field soil)
amended with lake sediments were examined. Top
soil (0-15cm) and sub soil (45-60cm) were sampled
from the field irrigated with wastewater in the area
of Hattar Industrial State, KP, Pakistan. Lake
sediments were amended with the polluted soil
samples and analysed for heavy metal¶V
concentrations. The concentration of zinc was found
maximum in the wheat field soils while minimum in
the onion field soils. The concentration of heavy
metals such as Zn, Cu, Pb and Ni varied and found
more in onion soil (OS) than wheat soils (WS).
Extractable, water soluble and total forms of the
heavy metals were detected in the amended polluted
soils. It can be concluded that sediments can be
suitable for detecting heavy metals in the polluted
soils and help in reducing toxicity and eutrophication
in lakes and dams.

KEYWORDS:
Amendment, heavy metals, Lake Sediments, onion soil,
polluted soil, wheat soil.

INTRODUCTION
MATERIAL AND METHODS

Among environmental pollutants, heavy metals
are particularly hazardous due to their ubiquity,
toxicity, and persistence [1, 2]. Long term
industrialization and rapid urbanization have
resulted in elevated amounts of HMs in urban
environments [3, 4], which pollution will pose
significant risks to humans and ecosystem [5]. Often
risk assessment is related to total concentrations of
trace elements in soil [6]. Soil contamination creates
a significant risk to human health. For instance,
heavy metals from industrial waste contaminate
drinking water, soil, fodder, and food [7]. Excessive
accumulation of heavy metals in agricultural soils

Sampling Area. Hattar is one of the 44 Union
Councils, administrative subdivisions of Haripur
District, KP, Pakistan. It is located south of the
district capital, Haripur. Hattar Industrial Estate is
situated 16 Kilometers at Kot Najibullah. It has been
established in 1985-1986 with a total area of 1,062
acres of land. There were around 149 industrial units
that were mainly composed of food, beverages,
textile, crockery, paper printing, chemical, cement,
rubber and leather products. Industrial processes
generate huge amount of wastewater and polluted
1698

Volume 26 ± No. 2a/2017, pages 1698-1705

© by PSP

Fresenius Environmental Bulletin

acetate soluble cations (Zn, Cu, Pb and Ni) were
extracted with 1M NH4OAc, adjusted to pH 7.0 [15].
The soil samples weighing 3 g were placed in a 100
ml centrifuge tube. 25 mL NH4OAc solution was
added and was shaken mechanically for 1 h. The
supernatant was separated from the soil by
centrifugation at 2400 rpm for 10 min. Supernatant
was filtered into a 100 ml volumetric flask. The
extract was made up of volume with deionized water
and used for determination of Zn, Cu, Pb and Ni. The
contents of Zn, Cu, Pb and, Ni were determined
using a polarized Zeeman atomic absorption
spectrophotometer (Model Z-2300, Hitachi, Japan).

soil. Polluted soil irrigated with Hattar industrial
waste water was used for the experiments. The wheat
field soil (WS) and onion field soil (OS) were
selected for this study. Top (0-15cm) and sub-soil
(45-60cm) samples was taken from industrial waste
water irrigated fields.
Soil Analysis. Soils were air dried, crushed,
and sieved (< 0.5 mm) to ensure homogeneity and
digested in a mixture of duplicate acids (HNO 3 and
HClO4). Total elements i.e. Zinc (Zn), Cupper (Cu),
Lead (Pb) and Nickel (Ni)in the extract of digested
soil samples were determined by atomic absorption
spectrophotometer
(IBSRAM.1994).
Sample
weighing 0.25 g was digested with 5 mL
concentrated HClO4 by gradual heating it over a hot
plate for 1 h. After drying 20% HNO3 was added to
the sample and it was heated again for 1h. The
solution was diluted to 50 ml with deionized water
DQG SDVVHG WKURXJK D  ȝP ILOWHU Ammonium

Statistical analysis. The data collected during
the studies were statistically analyzed using the Stat
View software. A probability level of heavy metals
< 0.05 was considered significant, and means were
VHSDUDWHG E\ )LVKHU¶V OHDVW VLJQLILFDQW GLIIHUHQFH
(LSD) test.

Water Soluble Zn

Water Soluble Zn

mg kg-1

mg kg-1













 
















Wheat Soil





Extractable Zn

5
4

mg kg-1

mg kg-1



Onion Soil

Extractable Zn

3
2
1







 







0




Wheat Soil
35

Total Zn

30
25

 











Onion Soil
Total Zn




20
15
10

mg kg-1

mg kg-1

 

5
0





 














Wheat soil



 



Onion Soil

FIGURE 1
Zn concentration in Wheat and Onion field soils.
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Concentration of Cu was observed maximum in the
OS was 5.415mg kg-1 while the minimum was in WS
was 2.01 mg kg-1. In fact, increasing amounts of Cu
in soil may result in translocation of Cu to various
vegetative parts. Grain crops such as maize requires
relatively high amount of Cu to improve quality and
yield but at some certain level, it becomes toxic to
the plants [19]. Extractable Cu varied in order of
Onion Soil (OS) >Wheat Soil (WS). Maximum
concentration of Cu in WS at the field depth of 1530cmwas 2.47 mg kg-1 while minimum
concentration of Cu in WS at the field depth of 4560cm was2.22 mg kg-1 (Fig. 2). The highest
concentration of extractable Cu in OS at the field
depth of 15-30cm was3.42 mg kg-1while lowest
concentration of extractable Cu in OS at the field
depth of 45-60cm was3.11mg kg-1 (Fig. 2).
Concentration of Cu was observed maximum in the
OS was 3.42mg kg-1 while the minimum was in WS
was 2.22mg kg-1. However, excess Cu in soils will
induce stress and injury to plants [20].The Cu
content in acid digested soils were varied in order of
Onion Soil (OS) >Wheat Soils(WS). Maximum
concentration of Cu in WS at the field depth of 0minimum
15cm
was35.45mg
kg-1 while
concentration of Cu in WS at the field depth of 4560cm was 32.45mg kg-1 (Fig. 2). The highest
concentration of total Cu in OS at the field depth of
0-15cm was 40.65mg kg-1while lowest concentration
of total Cu in OS at field the depth of 30-45cm was
35.45mg kg-1 (Fig. 2). Concentration of Cu was
observed maximum in the OS was 40.6mg kg-1while
the minimum was in WS32.45mg kg-1. Copper is an
essential element for various metabolic processes in
soils [21].
Water soluble Pb varied in order of Onion Soil
(OS)>Wheat Soil (WS). Maximum concentration of
Pb in WS at the field depth of 0-15cm was4.82mg
kg-1 while minimum concentration of Pb in WS at
the field depth of 30-45cm was 2.01 mg kg-1 (Fig 3).
The highest concentration of water soluble Pb in OS
at the field depth of 0-15cmwas 8.0 mg kg-1while
lowest concentration of water soluble Pb in OS at the
field depth of 45-60cm was 2.96 mg kg-1 (Fig 3).
Concentration of Pb was observed maximum (8mg
kg-1) in the OS, while the minimum was 2.016 mg
kg-1in WS. Higher soil lead levels can raise the
ERG\¶V OHDG OHYHO ZLWKRXW SURGXFLQJ DQ\ REYLRXV
physical symptoms. Traffic is one of the major
sources for Pb pollution [22]. Extractable Pb varied
in order of Onion Soil (OS) >Wheat Soils (WS).
Maximum concentration of Pb in WS at the field
depth of 15-30cm (7.15mg kg-1) while minimum
concentration of Pb in WS at the field depth of 45The highest
60cmwas 5.41mg kg-1 (Fig 3).
concentration of extractable Pb in OS at the field
depth of 15-30cmwas 33.33 mg kg-1 while lowest
concentration of extractable Pb in OS at the depth of
45-60cm was 10.66 mg kg-1 (Fig 3). Concentration
of Pb was observed maximum in the OS was 33.33

RESULTS AND DISCUSSION
The soil samples were taken from two fields,
i.e. Wheat field soil (WS) and Onion field soil (OS)
amended with lake sediments at the depth of 0-15cm
and 45-60cm. Different forms of heavy metal
concentration such as water soluble, extractable and
total form were observed in the soil samples. The
water soluble Zinc (Zn)varied in the order of
OS>WS. Maximum concentration of Zn in WS at the
field depth of 0-15cmwas 3.39 mg kg-1while
minimum concentration of Zn in WS at the field
depth of 30-45cm was2.47 mg kg-1 (Fig. 1). The
highest concentration of water soluble Zn in OS at
the field depth of 0-15cmwas 3.93 mg kg-1while
lowest concentration of water soluble Zn in OS at the
field depth of 45-60cm was 3.55mg kg-1 (Fig. 1).
Concentration of Zn was observed maximum in the
OS was 3.93 mg kg-1while the minimum in WS was
2.47 mg kg-1. There is a growing concern about zinc
being one of the most readily mobile elements and
the fact is that high doses of zinc will cause toxicity
and have carcinogenic effects [16]. The extractable
Zn varied in order of OS>WS. Maximum
concentration of Zn in wheat field soil at the field
depth of 0-15cmwas 3.16 mg kg-1while minimum
concentration of Zn in WS at the field depth of 4560cm was2.38 mg kg-1 (Fig. 1). The highest
concentration of extractable Zn in OS at the field
depth of 0-15cmwas 4.35 mg kg-1while lowest
concentration of extractable Zn in onion field soil at
the field depth of 45-60cm was 2.58 mgkg-1 (Fig.
1).Concentration of Zn was observed maximum in
the OS was 4.35 mg kg-1 while the minimum in
WSwas2.38 mg kg-1.Mining and processing of zinc±
lead ores are activities that can enrich surrounding
area with heavy metals [17].The total concentration
of Zn varied in order of Onion Soil (OS) >Wheat Soil
(WS). The maximum concentration of Zn in WS at
the field depth of 0-15cmwas 31mg kg-1, however,
minimum concentration of Zn in WS at the field
depth of 30-45cmwas15.53 mg kg-1 (Fig. 1). The
highest concentration of total Zn in OS at the field
depth of 0-15cm was90mg kg-1while lowest
concentration of total Zn in OS at the field depth of
30-45cm was77mg kg-1 (Fig. 1). Concentration of Zn
was observed maximum (490mg kg-1) in the OS
while the minimum (15.53 mg kg-1) was in WS. In
addition, fungicides and pesticides containing Zn
also contribute to its presence in agricultural soils
[18].
Water soluble Cu varied in order of Onion Soil
(OS)>Wheat Soils(WS). Maximum concentration of
Cu in WS at the field depth of 0-15cm was3.33 mg
kg-1 while minimum concentration of Cu in WS at
the field depth of 45-60cm was2.01 mg kg-1 (Fig. 2).
The highest concentration of water soluble Cu in OS
at the field depth of 0-15cm was5.41 mg kg-1while
lowest concentration of water soluble Cu in O S at
the field depth of 30-45cm was 2.89 mg kg-1 (Fig. 2).
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mg kg-1while the minimum was 5.41mg kg-1in WS.
Farmlands on the roadside are vulnerable to be
polluted by Pb because of oil consumption [23]. The
strong acid digested soil concentration of Pb varied
in order of Onion Soil(OS) >Wheat Soil (WS).
Maximum concentration of Pb in WS at the field
depth of 0-15cmwas 21.66 mg kg-1 while minimum
concentration of Pb in WS at the field depth of 4560cm was 6.33 mg kg-1 (Fig 3). The highest

concentration of total Pb in OS at the field depth of
0-15cm was27mg kg-1while lowest concentration of
total Pb in OS at the field depth of 45-60cm was
13.49mg kg-1 (Fig 3). Concentration of Pb was
observed maximum (27mg kg-1) in the OS while the
minimum was 6.33 mg kg-1in WS. Pb is widely used
as an intermediate for antiknock additives for motor
fuels, introducing lead into atmosphere and
accumulating in the topsoil of roadside zone [24].
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Onion Soil(OS) >Wheat Soil(WS). Maximum
concentration of Ni in Wheat Field Soil at the field
depth of 15-30cm was 3.26 mg kg-1 while minimum
concentration of Ni in WS at the field depth of 4560cm was1.69 mg kg-1 (Fig 4). The highest
concentration of extractable Ni in OS at the field
depth of 15-30cm was4.15 mg kg-1while lowest
concentration of extractable Ni in OS at the field
depth of 45-60cmwas 2.47 mg kg-1 (Fig. 4).
Concentration of Ni was observed maximum in the
OS 4.15 mg kg-1 while the minimum was 1.69 mg
kg-1in WS. Heavy metal contamination of soil can
occur as a result of anthropogenic activities such as
manufacturing, mining, smelting procedures, and
agriculture as well as natural activities [26]. Total
concentration of Ni varied in order of Onion

Water soluble Ni were varied in order of Onion
Soil (OS) >Wheat Soil (WS). Maximum
concentration of Ni in WS at the field depth of 3045cm was (0.31 mg kg-1) while minimum
concentration of Ni in WS at the depth of 0-15cm
was noted as (0.18 mg kg-1) (Fig 4). The highest
concentration of Water Soluble Ni in OS at the field
depth of 15-30cm was (0.64 mg kg-1) while lowest
concentration of water soluble Ni in OS at the field
depth of 45-60cm was (0.13 mg kg-1) (Fig4).
Concentration of Ni was observed maximum in the
OS (0.64 mg kg-1) while the minimum was noted in
WS (0.18 mg kg-1). Nickle is a transition metal, and
in recent years the concentration of Ni in the
environment has been increasing due to human
activities [25]. Extractable Ni varied in order of
1702
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Soil(OS) >Wheat Soil(WS). Maximum concentration of Ni in WS at the field depth of 15-30cm was
3.26 mg kg-1 while minimum concentration of Ni in
W S at the depth of 45-60cm was 1.69 mg kg-1 (Fig
4). The highest concentration of total Ni in OS at the
field depth of 0-15cm was 48.06 mg kg-1 while
lowest concentration of total Ni in OS at the depth
of 45-60cm was 36.31mg kg-1 (Fig 4). Concentration
of Ni was observed maximum in the OS (48.06 mg
kg-1) while the minimum was 1.69 mg kg-1in WS.
Nickel, lead and mercury are the micronutrients
essential for the soil. They occur naturally in the
plant and animal tissue [27].

The metals were stepwise determined into
water soluble, extractable and total forms. The
concentration of heavy metals like Zn, Cu, Pb and Ni
varied in order of Onion Soil (OS) >Wheat Soil
(WS). This research carried on heavy metals
accumulation in polluted soil and by using dam
sediment having essential and theoretical value, not
only the optimization use of property but also on
inhibiting extreme accumulation of heavy metals
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and environmental benefits because it can reduce the
environmental pollution hazard posed by
agricultural waste and can also offer clean biomass
energy, which can have various applications in daily
life[3].
Temperature is an important factor in anaerobic
digestion[4], and the mechanism by which it
influences the process is complex. It has a direct
effect on biogas production rate, biogas production
volume, digestion period length, and microbial
activities[5]. To understand and optimize the
anaerobic digestion process, it is important to
analyse the microbial communities prevalent at
different temperatures[6][7]. Usually, temperatures
are maintained at mesophilic and thermophilic
conditions[4]
[8].However,psychrophilic
temperatures occur in winter and at high altitudes;
therefore, understanding the effect of low
temperature on the microbial communities under
psychrophilic and mesophilic conditions has
practical significance for the promotion and
application of anaerobic digestion in areas with low
temperature conditions.
Considering this background, we performed
anaerobic digestion of a mixture of cattle manure and
rice straw under psychrophilic and mesophilic
conditions. The characteristics and microbial
communities at different temperatures were studied,
providing a basis for the promotion and application
of anaerobic digestion in regions with cool climates.

ABSTRACT
The effect of temperature on the characteristics
of anaerobic digestion of a mixture of cattle manure
and rice straw and the microbial communities
present therein was studied at 15°C, 25°C, and 35°C.
The results showed that correlation of temperature
with maximum biogas production rate and
cumulative biogas production was not significant,
while that between temperature and daily biogas
production was. Change in daily biogas production
was perfectly correlated with time and the modified
Gompertz model. The modified Gompertz model
could offer an accurate simulation of the biogas
production process in the system. The composition
of microbial communities changed at different
temperatures. Mycetocola zhadangensis, Janibacter
cremeus, and Sphingobacterium caeni were
dominant at 15°C, 25°C, and 35°C, respectively.
Terrimonas lutea, Capnocytophaga sputigena,
Bacteroides reticulotermitis, and Prevotella oryzae
were dominant at all the different temperatures
examined.

KEYWORDS:
anaerobic digestion; temperature; modified Gompertz
model; PCR-DGGE; dominant strains

INTRODUCTION
MATERIAL AND METHODS

In addition to being sources of environment
pollution, livestock manure and agricultural waste
are also potential sources of biomass energy[1],
therefore, the conversion of livestock and
agricultural waste into renewable energy is a widely
investigated topic[2]. Anaerobic digestion is an
important means for the conversion of these biomass
sources to biomass energy because the by-product of
this process, methane, is a clean energy source.
Therefore, this method has remarkable economic

Experimental setup and activated sludge.
Single-stage digesters, comprising a temperature
control device, an anaerobic digester device, and a
gas outlet, were used in this study (Fig. 1). The
temperatures were maintained by water baths. The
anaerobic digesters were made of tubulated bottles
of 5L capacity sealed by rubber stoppers to keep the
digesters airtight. The biogas produced was collected
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94°C, 45 s at 55°C, and 1 min at 72°C; and a final
10-min extension at 72°C. PCR products were
evaluated using agarose gel (2%) electrophoresis and
then pooled and purified using the DNA Gel
Extraction Kit (Omega, Atlanta, Georgia, USA).
Ten microliters of each PCR product was
separated by DGGE on polyacrylamide gel (7%)
with a linear gradient of 35±55% denaturant. The gel
was run for 5 h at 150 V in 1× TAE buffer and
maintained at a running temperature of 60°C. After
electrophoresis, the gel was stained using the silver
staining method, followed by imaging by GelDoc2000 (Bio-Rad, California, USA).

and measured by water displacement.

FIGURE 1
Single-stage digester system. 1, Temperature
control device; 2, water bath; 3, sample port; 4,
thermometer; 5, digester liquid; 6, digester port;
7, conoid; 8, delivery tube; 9, beaker

Cloning and sequencing. Desired bands were
recovered, cloned, and sequenced by a sequencing
company (Yimingbio Co. Ltd.) in Beijing. All
sequences were compared with the GenBank
database using BLASTN for sequence identification.

Experimental design. Cattle manure, rice
straw, and active sludge were mixed before being fed
into the digester. Fresh cattle manure was collected
from the farm of Yanbian University; rice straw was
obtained from paddy fields near Yanbian University;
and sludge was obtained from the municipal
wastewater treatment plant. Based on a previous
experiment, the optimal dry weight ratio for the
cattle manure and rice straw was fixed at 1:1. Active
sludge (0.79 g TS) was treated for 2 weeks before it
was added into the digester. The total volume of the
digester liquid was 1.5 L, and the total solids (TS)
percentage was 8%. We performed the experiments
at 15°C, 25°C, and 35°C. The bottle was shaken
daily to make the digestion mixture uniform.
Rice straw contains lignin, cellulose, and
hemicellulose and is therefore difficult to use for
microbial digestion directly. This reduces the
utilization rate and applicability of this raw
material[9] [10]. To improve the digestion rate, the
rice straw was pre-treated by cutting it into 1±2cm
pieces and treating it with 2% H2O2 for 24 h,
followed by washing in water for neutralization.

RESULT AND DISCUSSION
Effect of temperature on biogas production.
The biogas production of the mixture of cattle
manure and rice straw varied at different
temperatures (Fig. 2). When the biogas production
was less than 10 mL/g TS, we considered the biogas
production to have stopped. The biogas production
first rose gradually at 15°C, 25°C, and 35°C, and the
respective maximum biogas production rates were
91.30 mL/g TS/d, 184.17 mL/g TS/d, and 211.94
mL/g TS/d at 37, 29, and 21 days, respectively. Then,
the biogas production began decreasing when the
organic matter was consumed. However, slow peaks
still occurred at different stages. The cumulative
biogas production values at 15°C, 25°C, and 35°C
were 2757 mL/g TS, 3961 mL/g TS, and 4750 mL/g
76UHVSHFWLYHO\µ'LJHVWLRQSHULRG¶LVGHILQHGDVWKH
period when cumulative biogas production is 90% of
the total biogas production. The digestion periods at
15°C, 25°C, and 35°C were 66, 63, and 59 days,
respectively. Considering cumulative biogas
production and digestion period together, we
concluded that the daily average biogas production
rates at 15°C, 25°C, and 35°C were 37.60 mL/g TS/d,
56.58 mL/g TS/d, and 72.46 mL/g TS/d, respectively.
Improvements in total biogas production and biogas
production rate were evidenced by the peaks in
biogas production and increase in the period for
which biogas continued to be produced, suggesting
that the microbial activities were enhanced by
increasing the temperature.
The correlations between temperature and the
maximum biogas production rate, cumulative biogas
production, and daily average biogas production rate
were analysed using SPSS (IBM, SPSS

Analytical methods. Chemical analysis. TS
values were determined by standard methods (48 h
at 105ć). The pH was measured every 4 days using
the pHS-3C instrument (Lei-ci, Shanghai, China),
and biogas production was measured daily by
measuring water displacement.
PCR-DGGE. Samples were collected at
different temperatures at the end of the digestion for
the analysis of microbial communities. Total DNA
was extracted using the Soil DNA Kit (Omega,
Atlanta, Georgia, USA), and the DNA was evaluated
using agarose gel (0.8%) electrophoresis.
The V3 variable region of bacterial 16S rDNA
was amplified by primers GC-338F and 518R[11] at
the following cycling conditions: initial predenaturation at 94°C for 5 min; 30 cycles of 1 min at
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daily biogas cumulative production(Fig. 3), and no
significant difference was found between measured
values and simulated values at 15°C, 25°C, or 35°C
(P = 0.994, P = 0.939, and P = 0.920, respectively).
Thus, the modified Gompertz model could
accurately simulate the dynamics of the anaerobic
digestion of a mixture of cattle manure and rice straw.

STATISTICS 19, (2010)). No significant difference
was found in the temperature and maximum biogas
production rate and cumulative biogas production (P
= 0.192, P = 0.076), but there was a significant
difference in the temperature and daily average
biogas production rate (P = 0.033). The impact of
temperature on the maximum biogas production and
cumulative biogas production was small, but the
impact on the daily average biogas production rate
was marked when the temperature ranged from 15°C
to 35°C. Consistent with our findings, no correlation
between temperature and maximum biogas
production rate or cumulative biogas production was
found in an earlier study[12].
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FIGURE 3
Comparison between the simulated values and
measured values
TABLE 1
Parameters of the modified Gompertz model at
different temperatures
Rmax
Ȝ G
Temperature
Gmax
(mL/g
(mL/g
TS)
TS/d)
15°C
291.71 4.91
21.32
25°C
312.82 8.62
17.79
35°C
376.31 9.70
12.82

80

Kinetics of the anaerobic digestion of mixed
cattle manure and rice straw. The Gompertz model
LVDQµ6¶SDUDPHWULFHTXDWLRQ DQGKDVEHHQ XVHGWR
describe the correlation between the change of
cumulative biogas production and time[13]. The
parameters of the original model were corrected by
Zwietering as a modification and were applied to the
anaerobic digestion in this study. The modified
Gompertz model as described by Lay et al. [14]:
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FIGURE 2
Effect of the temperature on biogas production.
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Microbial
communities
at
different
temperatures in the system. When the digestion
was complete, the digester liquid was sampled at
15°C, 25°C, and 35°C for the analysis of the
microbial communities (Fig. 4). Cluster analysis
revealed that the microbial communities underwent
a significant change in response to temperature
change. There was a higher similarity between the
microbiota at 15°C and 25°C, unlike that for 35°C.
Therefore, the microbial communities were
markedly affected by temperature change. Some
strains could not adapt to the higher temperature, and
hence they were dominant only at 15°C (bands 1, 5,
and 9). Some strains could adapt to the higher
temperature and were predominant at 35°C (bands 4,
6, 7, and 10). Furthermore, some strains were
dominant at 15±25°C (bands 2, 3, and 11), while
some strains were dominant at all the three
temperatures (bands 8 and 12).

(1)

Where Gt is the cumulative biogas production
(mL/g TS), Gmax is biogas production potential
(mL/g TS), Rmax is maximum biogas production rate
P/J76GD\ ȜLVODJSKDVH G WLVWLPH GD\V 
and e is exp (1) = 2.71828.
A nonlinear least-square regression analysis
was performed to determine the G max, Rmax DQG Ȝ
(Table 1). The dynamics of the anaerobic digestion
was simulated by the modified Gompertz model. The
results (Gt) were compared based on the measured
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in anaerobic digestion. Some studies have confirmed
that Bacteroidetes species contain a considerable
number of strains that can degrade long-chain fatty
acids[17]. Bacteroidetes is also the dominant taxon
in mesophilic methane production systems, because
this phylum is closely related to the degradation and
acidification of organic matter[18].
Terrimonas lutea (band 2) was positive for
nitrate reduction. It occurs at 10±37°C; produces
acid from glucose, cellobiose, maltose, etc.[19]; and
plays an important role in the acid production stage
of the anaerobic digestion of straw[20].
Capnocytophaga sputigena (band 3) might exist in
the digestive tract of cattle and can degrade cellulose
under high concentrations of CO2[21]. Terrimonas
lutea and Capnocytophaga sputigena were dominant
at 15°C and 25°C but disappeared at 35°C. The
optimal temperature for Sphingobacterium caeni
(band 4) is 30±35°C, and it can utilize D-glucose,
sucrose, maltose, etc[22]. In the present study, it was
dominant at 35°C. Mycetocola zhadangensis (band 5)
FIGURE 4
is an aerobic bacterium. It can exist at low
DGGE profiles
temperatures but does not perform nitrate
reduction[23]. In the present study, it was dominant
The Shannon±Wiener index is a common index
at 15°C. Bacteroides reticulotermitis (band 8) is an
used to evaluate microbial diversity; a high value of
obligate anaerobic bacterium and has been isolated
the index suggests high microbial diversity[15]. The
from the gut of subterranean termites. This
Shannon±Wiener indexes at 15°C, 25°C, and 35°C
bacterium
ferments
xylan,
starch,
were 3.44, 3.23, and 3.21, respectively. Some strains
carboxymethylcellulose,
and
pectin[24].
The
strain
were eliminated gradually, and the microbial
was
dominant
at
all
three
temperatures
in
our
diversity decreased with the increase in temperature.
experiment,
indicating
that
it
was
not
affected
by
These observations are consistent with the findings
these
temperatures
and
played
an
important
role
in
of Feng et al.[16]. The Shannon±Wiener indexes for
the
anaerobic
digestion
under
psychrophilic
and
microbiota at 15°C and 25°C changed significantly
mesophilic conditions. Janibacter cremeus (band 11)
at 35°C, but the indexes between 25°C and 35°C
is facultatively anaerobic, with a temperature range
were not significantly different.
for growth of 10±30°C (optimum, 25°C). It is also
Seven bands were chosen for cloning and
positive for nitrate reduction[25]. Corresponding to
sequencing of DGGE profiles. The sequencing was
this result, we found that this bacterium was
compared using BLASTN in the GenBank database
predominant at 25°C. Prevotella oryzae (band 12)
(Table 2). Of the 7 bands, 5 belonged to
can ferment mannose and raffinose, and it is a
Bacteroidetes (bands 2, 3, 4, 8 and 12), and 2
regulating gastrointestinal tract flora[26]. It was
belonged to Actinobacteria (bands 5 and 11). This
present at all the three temperatures studied, but was
suggests that Bacteroidetes was the dominant taxon
markedly dominant at 35°C.
TABLE 2
Comparison of nucleotide sequences and abundance of sequenced DGGE bands
Bands

Closest relatives

Accession no.

Identity (%)

Phylogenetic division

Band 2

Terrimonas lutea

NR_041250

99

Bacteroidetes

Band 3

Capnocytophaga sputigena

NR_026095

91

Bacteroidetes

Band 4

Sphingobacterium caeni

NR_026095

89

Bacteroidetes

Band 5

Mycetocola zhadangensis

NR_109597

99

Actinobacteria

Band 8

Bacteroides reticulotermitis

NR_114316

93

Bacteroidetes

Band 11

Janibacter cremeus

NR_114380

99

Actinobacteria

Band 12

Prevotella oryzae

NR_113227

93

Bacteroidetes
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[5] Rademacher, A., Nolte, C., Schönberg, M. and
Klocke, M. (2012) Temperature increases from
55 to 75°C in a two-phase biogas reactor result
in fundamental alterations within the bacterial
and archaeal community structure. Applied
Microbiology and Biotechnology, 96, 565±576.
[6] Chaban, B., Ng, S.Y. and Jarrell, K.F. (2006)
Archaeal habitats-from the extreme to the
ordinary. Canadian Journal Microbiology, 52,
73±116.
[7] Garcia, J.L., Patel, B.K. and Ollivier, B. (2000)
Taxonomic, phylogenetic, and ecological
diversity of methanogenic Archaea. Anaerobe,
6, 205±226.
[8] Lv, W., Zhang, W., and Yu, Z. (2013) Evaluation
of system performances and microbial
communities of two temperature-phased
anaerobic digestion systems treating dairy
manure. Bioresource Technology, 143, 431±438.
[9] Laser, M., Schulman D., Allen S.G., Lichwa, J.,
Antal, M.J. Jr. and Lynd, L.R. (2000) A
comparison of liquid hot water and steam
pretreatments of sugar cane bagasse for
bioconversion
to
ethanol.
Bioresource
Technology, 81, 33±44.
[10] Lehtomäki, A., Huttunen, S. and Rintala, J.A.
(2007) Laboratory investigations on codigestion of energy crops and crop residues with
cow manure for methane production: Effect of
crop to manure ratio. Resources Conservation &
Recycling, 51, 591±609.
[11] LaPara, T.M., Nakatsu, C.H., Pantea, L.M. and
Alleman, J.E. (2002) Stability of the bacterial
communities supported by a seven-stage
biological process treating pharmaceutical
wastewater as revealed by PCR-DGGE. Water
Research, 6, 638±646.
[12] Gong, S., Duan, Q., Yang, S., Zhang, Y., Zhao,
Y. and Qin, X. (2014) Effect of different
anaerobic fermentation condition on biogas
production of hybrid pennisetum [in Chinese].
China Biogas, 32, 26±32, 73.
[13] Zwietering, M.H., Jongenburger, I., Rombouts,
F.M. and YDQ¶W5LHW. (1990) Modeling of the
bacterial
growth
curve.
Applied
&
Environmental Microbiolology, 56, 1875±1881.
[14] Lay, J.J. (2000) Modeling and optimization of
anaerobic digested sludge converting starch to
hydrogen. Biotechnology & Bioengineering, 68,
269±278.
[15] Zhang, X.J., Li D., Liang, Y.H., Zeng, H.P., He,
Y.P., Zhang, Y.L. and Zhang, J. (2014)
Performance and microbial community of
completely autotrophic nitrogen removal over
nitrite (CANON) process in two membrane
bioreactors (MBR) fed with different substrate
levels. Bioresource Technology, 152, 185±191.

CONCLUSION
From 15°C to 35°C, the change in daily biogas
production correlated perfectly with time and the
modified Gompertz model. Microbial diversity
decreased when the temperature increased from
15°C to 35°C. Mycetocola zhadangensis, Janibacter
cremeus, and Sphingobacterium caeni were
dominant at 15°C, 25°C, and 35°C, respectively, but
Terrimonas lutea, Capnocytophaga sputigena,
Bacteroides reticulotermitis, and Prevotella oryzae
were dominant at all 3 temperatures.
In warm climates, biogas production is easy;
however, these reactions are not usually favoured by
psychrophilic conditions. The present findings
provide direction for further investigations in
identifying anaerobic bacterial strains that will make
psychrophilic biogas production feasible and
efficient.
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ABSTRACT

INTRODUCTION

The main objective of this study is to determine
the effects of some hematological and blood
biochemical parameters of nitrite concentrations on
Oreochromis niloticus. Fish were exposed to acute
nitrite (0.1, 1.0 and 5.0 mg/L) at 24 hours and 96
hours, respectively. Blood samples from fish were
analyzed in order to identify and evaluate changes in
the hematological parameters (Hct, Hb, RBC and
WBC), some plasma biochemical parameters
(cortisol, glucose and cholinesterase) and reduced
glutathione (GSH). Autoanalyser spectrophotometric methods were used in determining all blood
parameters. When compared to control fish, the most
increase in hematological parameters was found in
Hct and WBCs (66 % and 25 %) of all nitrite
concentrations at 24 hours and 96 hours, but Hb and
RBCs decreased by 53 % and 15 % in all concentrations. Blood biochemical parameters, compared to control fish, except for cholinesterase, it was
observed that cortisol and glucose levels were
increased in exposure medium and time. Cortisol
levels were increased in 5.0 mg/L nitrite
(approximately 3 hold) and glucose levels were
increased in 28 % at 24 hours and 96 hours.
However, cholinesterase levels of fish blood
decreased this concentration. Nitrite exposures did
not alter GSH levels in the blood, but its levels
decreased in the 1.0 mg/L nitrite exposed to fish. In
our study, blood parameters indicated that O.
niloticus were sensitive to the distribution of nitrite
on aquatic systems.

In the recent years, industrial and agricultural
development have resulted to increased levels of
toxic metals in the environment, although, high
concentrations can occur naturally [1]. Nitrite (NO2-)
is an anion occurring naturally in aquatic
ecosystems, and it is a component of the nitrogen
cycle, its presence in medium poses a potential
problem to animals [2, 3]. A large amount of research abound on nitrite toxicity in fishes, crustaceans
and molluscs [4-6].
Nitrites are considered toxic to fishes,
following an acute and chronic exposure of fishes to
nitrite [7-10]. Environmental nitrite enters the
circulatory systems of fish through the gills [11]. It
is known to convert hemoglobin to methemoglobin,
a form capable of binding and transporting oxygen
[12,13].
The blood appears to be the primary target site
of nitrite action. From the blood plasma, nitrite
diffuses into the red blood cells. The haemoglobin is
oxidised through this way and is called methaemoglobin or ferrihaemoglobin, and it reduces the
total oxygen-carrying capacity of the blood [14].
Fish hematological parameters which are often
determined as an index of their health status [15].
Since then, many investigators have observed some
changes in the hematological profile and serum
parameters of the fish, such as Tilapia mossambica
[16] and Oreochromis aureus [17]. In addition,
cortisol, glucose and cholinesterase levels can be
used as general stress indicators in fish [18-21].
Glutathione is a tripeptide, mainly present in cells in
its reduced form (GSH), functions in the cell and
defence against oxidizing molecules and potentially
harmful xenobiotics such as metals [22]. GSH
content in fish tissues showed increases or decreases
exposed to metals due to their organ-specific
responses [23].
Generally, a 24 hours to 48-hours exposure is
required for maximum accumulation of nitrite in fish
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parameters,
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Analysis of blood. The fishes were
anesthetized in MS-222, blood was collected from
each fish by cutting the caudal peduncle. Fish blood
was collected and divided, for hematological
parameters. For the collection of serum, the blood
was centrifuged at 4000 rpm for over 10 minutes at
a temperature of 15 0C. Hematological parameters
were determined by otoanalizatory at Çukurova
8QLYHUVLW\ %DOFDOÕ +DVWDQHVL DQG 0HUNH]
laboratory. The serum was divided into two portions
from the eppendorf tubes, first portion for
Hematologycal analysis, second portion for cortisol,
glucose and cholinesterase activities which were
determined using the UV test technique [27].
Reduced glutathione was measured following the
method of Beutler et al. [28]. The serum samples
were frozen and stored at -200C until they were
needed for assays. Cortisol and cholinesterase were
determined by ROCHE Hitachi E-170 and DPP.

[24, 25]. The lethal concentration (LC50) of nitrite is
very low. Therefore, the relevant duration for shortterm toxicity testing is usually 24 hours ± 96 hours,
as is the case for many toxicants [2]. Hence, the
present investigation was undertaken to elucidate the
effects of short-term exposure to sublethal levels of
nitrite on some hematological (Hct, Hb, RBCs and
WBCs), biochemical parameters (cortisol, glucose
and cholinesterase) and reduced glutathione (GSH)
of adult O. niloticus, exposed to acute concentration
of nitrite for 24 hours and 96 hours, respectively.

MATERIALS AND METHODS
Fish maintenance. Freshwater fish, O.
niloticus, were obtained from pools and kept to
acclimatize in the laboratory for two month at
25±1°C. After this period, the mean length and
weight of the animals were 14.9±1.87 cm and
42.5±2.15 gr., respectively. The study was approved
by the Animal Experimentation Ethics Committee of
Çukurova University (Protocol 2014/8-1).
Water quality characteristics in tanks are as
follow; pH: 8.4±0.8, Temperature: 25±1°C,
Dissolved Oxygen: 7.5±0.5 mg/L, Total Hardness:
180.5±5.38 CaCO3 mg/L, Total Alkalinity:
258.2±6.7 CaCO3mg/L.

Statistical analyses. Data are presented as
mean ± standard error. For the statistical analysis, a
one-way Analysis of Variance (ANOVA) was used,
followed by Student Newman±.HXO¶V WHVW XVLQJ
SPSS 10.0 statistical software (SPSS Inc., Chicago,
IL). Differences were considered sLJQL¿FDQW LI p <
0.05.

RESULTS AND DISCUSSION











Throughout the experiments, no mortality was
recorded at concentrations of the nitrite. The
VWDWLVWLFDO DQDO\VLV ZKLFK ZDV GRQH ZLWK ³61.´
differences among groups were measured to be
significant at p<0.05.
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Exposure to nitrite. A total of 4 aquariums
with specifications 40 cm x 100 cm x 40 cm was
used. These aquarium tanks were filled with 120 L.
Nine fishes were put in each aquarium (3 repetition
x 3 fishes). The nitrite concentrations were estimated
from LC50-96h/200 to LC50-96h/4 [26]. Three
aquariums contained the nitrite concentrations 0.1
mg/L, 1.0 mg/L and 5.0 mg/L (NaNO2) solutions and
one aquarium, was used as a control.



















 



  



  






  



FIGURE 1
Blood hemoglobin (Hb) levels in O. niloticus to
nitrite for 24 and 96 hours. The letters of a, b and
FVKRZVLJQL¿FDQWGLIIHUHQFHVEHWZHHQQLWULWH
exposure for the same exposure time (p< 0.05)

FIGURE 2
Blood hematocrit (Hct) levels in O. niloticus to
nitrite for 24 and 96 hours. The letters of a, b and
FVKRZVLJQL¿FDQWGLIIHUHQFHVEHWZHHQQLWULWH
exposure for the same exposure time (p< 0.05)
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FIGURE 3
Blood red blood cells (RBCs) levels in O. niloticus
to nitrite for 24 and 96 hours. The letters of a, b
DQGFVKRZVLJQL¿FDQWGLIIHUHQFHVEHWZHHQQLWULWH
exposure for the same exposure time
(p< 0.05)












 




  

 




 

 











 
 
 
 








FIGURE 4
Blood white blood cells (WBCs) levels in O.
niloticus to nitrite for 24 and 96 hours. The letters
RIDEDQGFVKRZVLJQL¿FDQWGLIIHUHQFHVEHWZHHQ
nitrite exposure for the same exposure time
(p< 0.05)
  




 
  





  



FIGURE 5
Serum reduced glutathione (GSH) levels in O. niloticus to nitrite for 24 and 96 hours. The letters of a, b
DQGFVKRZVLJQL¿FDQWGLIIHUHQFHVEHWZHHQQLWULWHH[SRVXUHIRUWKHVDPHH[SRVXUHWLPH p< 0.05)

Figure 1-4 show the distribution of
hematological (Hb, Hct, RBCs and WBCs)
parameters of nitrite exposed to O. niloticus over 24
hours and 96 hours period, respectively. In blood
parameters, notable declines and increases were
observed at all exposure periods (Fig 1-4). The Hb
count decreased significantly (p< 0.05) in 0.1 mg/L,
1.0 mg/L and 5.0 mg/L NaNO2 at 24 hours and 96
hours, respectively (Fig 1). But the Hct % showed a
significant difference (p <0.05) between exposed
fish and the control, respectively (Fig 2). In the same
way, the RBC count decreased significantly (p<
0.05) in 0.1 mg/L, 1.0 mg/L and 5.0 mg/L NaNO2 at
24 hours and 96 hours, (Fig 3). However, data
obtained for WBCc were significantly increased (p
<0.05) and was evident between the treated and
control fish (Fig 4).
All blood parameters, except hemoglobin, were
significantly altered in each concentration. However,
cortisol and glucose levels were increased in nitrite
exposure. When compared to control fish, the most
increase in hematological parameters was found in

Hct, and WBCs (66 % and 25 %, respectively) in all
nitrite concentrations, at 24 hours and 96 hours, and
Hb and RBCs decreased by 53 % and 15 % in all
concentrations and during both hours.
Serum reduced glutathione (GSH) showed a
decrease in different nitrite-exposed groups, but
GSH levels were decreased in concentrations of 1.0
mg/L nitrite. The most decrease in GSH levels were
found to be at 96 hours (Fig 5). A significant
(p<0.05) difference was observed in the GSH level
in 1.0 mg/L nitrite (26%), after 24hours and 96
hours.
In this study, at 24 hours and 96 hours,
compared with controls, cortisol, glucose and
cholinesterase medium nitrite were increased.
However, cholinesterase decreased at all concentrations of nitrite (p<0.05) at 24 hours and 96
hours (Table 1-2).
A significant difference was observed in the
blood glucose level control and different exposure
groups after 24 hours and 96 hours (p<0.05) (Table
1 and 2). Glucose levels were increase in all
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logical and plasma biochemical levels were found to
be statistically significant (p<0.05) in the 0.1 mg/L,
1.0 mg/L and 5.0 mg/L of nitrite concentrations at 24
hours and 96 hours, respectively.
The degree of sensitivity to environmental
nitrite is very wide among fishes, and it is dependent
on the test conditions and organisms [2]. The 96-h
LC50 nitrite toxicity values of different studies is
quite difficult (Table 3).
The present study elucidates on the
haematological and biochemical responses of O.
niloticus exposed to different nitrite concentrations,
and its consequences on ionic balance. In the present
study, the nitrite concentrations were estimated to be
from LC50-96h/200 to LC50-96h/4 [26].
Presently, hematological indices (such as Hct,
Hb, RBCs and WBCs) are commonly used as
indicators of metal pollution in fish [29]. This index
also reflects healty status of animals. Hematological
parameters in different fish species on pollutants
such as heavy metals exposure have been reported

concentrations of nitrite. The most increase in
glucose levels were found to be at 5.0 mg/L of nitrite
(28 %) at 24 hours and 96 hours.
Serum cortisol showed a progressive increase
in different nitrite-exposed groups. Cortisol levels
were increased in concentrations of nitrite. The most
increase in cortisol levels were found to be at 5.0
mg/L nitrite (approximately 3 hold) at 24 hours and
96 hours (Table 1 and 2).
Compared to control, in blood, acetylcholine
esterase showed a dose-dependent inhibition with
significant (p<0.05) reduction (49 % and 46 %) in
5.0 mg/L nitrite at 24 hours and 96 hours.
Acetylcholine activity reduced significantly when
the exposure dose increased from 0 to 5.0 mg /L
(Table 1 and 2).
All blood biochemical parameters were
observed, such that, when compared to control fish,
except for cholinesterase, the cortisol and glucose
levels were increased in all parameters, during both
hours. However, cholinesterase levels of fish blood
decreased at medium concentrations. All hemato-

TABLE 1
Biochemical changes of the fish O. niloticus exposed to nitrite over 24 hours
Nitrite Concentration (mg/L)

Cortisol (ng/mL)

Glucose (mg/dL)

0.0
0.1
1.0
5.0

75±1.02a
96±1.01b
116±1.22c
212±2.11d

60±2.14a
44±1.02b
62±1.12a
77±1.31c

Cholinesterase
(uL)
446.3±4.78a
359.0±2.11b
213.6±3.17c
224.6±4.63c

Values are expressed as mean±standard error. Letters a, b, c and d show the differences between groups (p<0.05)
TABLE 2
Biochemical changes of the fish O. niloticus exposed to nitrite over 96 hours
Nitrite Concentration (mg/L)

Cortisol (ng/mL)

Glucose (mg/dL)

0.0
0.1
1.0
5.0

76±2.02a
112±1.03b
206±2.22c
332±2.11d

75±2.11a
56±1.22b
82±1.16a
97±2.35c

Cholinesterase
(uL)
481.3±5.78a
419.0±6.11b
333.6±3.17c
256.6±0.66d

Values are expressed as mean±standard error. Letters a, b, c and d show the differences between groups (p<0.05)
TABLE 3
The 96-h median lethal concentration (LC50) of nitrite in different organisms
Fish
Colossoma macropomum
Onchorhyinchus mykiss
O. tschawytscha
Micropterus salmoides
Oreochromis niloticus
Ictalurus punctatus
Tilapia aurea
Oreochromis niloticus
Labeo rohita
Danio rerio
Poecilia reticulata

96-h LC50 (mg/L Nitrite)
0.54
0.24
4.7
140
28.18 and 44.67
7.1
16.2
81
66.5
242.55
30.2
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Glutathione is a tripeptide and important in the
antioxidant defense [22]. GSH content in fish tissues
showed increases or decreases exposed to metals
[23]. GSH is synthesized in the liver and released to
the blood for transferring to the other organs [54]. In
this investigation, GSH content in the blood
decreased with increasing nitrite concentrations, and
exposure periods. A deficiency of GSH can bring on
hemolytic anemia. The significant rise (p < 0.05) in
GSH in the fish blood after exposure to nitrite was
just 26% belove control in 1.0 mg/L nitrite
concentration. Decreasing GSH may be due to direct
binding of the metal to GSH through its SH group,
or enhanced oxidation of thiol grups [22, 54].

by some authors [21, 23, 30, 31]. Hematologic
parameters are exposed by changing to toxicity
effect. Nitrite was classified as toxic substances for
fish. In addition, this toxic substance has been shown
to influence on the fish hematology. Changes in the
erythrocyte profile leads to deficiency of oxygen by
damaging in the gills.
In the present study, it is show that
hematological impairments and observed osmotic
changes affects fish physiological systems, such as
osmoregulation and their behaviour [32, 33].
The mucus accumulation at gills increases the
diffusion distance between water and blood, thereby,
impairing gaseous exchange [34]. And any damage
or occuring toxicants, the gill lamellae can result in
low intake of O2. These factors can lead to hypoxic
conditions and affects the respiratory system in fish
[33]. Hypoxic conditions are the occurrence of
hypoxia which is referred to as erythropoiesis, used
to compensate for oxygen deficiency. The
occurrence of hypoxia may result to an increase or
decrease in erythrocyte to hemoglobin binding
capacity with O2 [35, 36].
Furthermore, spleen is a blood storage organ in
fish and is responsible for these changes. Bano and
Hasan [37] have reported that histo-patological
lesions occur in spleen as well as exposure to
Heteropneustes fossilis. This also leads to changes in
the hematological parameters of fish. In this study,
the effects of nitrite induced changes in some
parameters, lead to a decline in the number of red
blood cell, hemoglobin content and hematocrit
values.
Plasma cortisol and glucose is a good indicator
to effects of metals on fish. This cortisol has been
known to increase glucose production in fish, by
both gluconeogenesis and glycogenolysis. And also,
play an important role in the stress-associated
increase in the plasma glucose concentration [38]. In
our study, it may result in increased energy
requirements metabolic defense against stress on
cortisol and glucose levels. The increases of the
glucose level in many studies have been shown by
pollutants in fish [39-46]. Plasma glucose and
cortisol levels were also increased during pesticites
[47] and metal such as copper [48], zinc [49] and
lead [50].
Cholinesterase (ChE) is synthesized in
hepatocytes and released into the blood. Also, Serum
ChE activity is reduced during liver dysfunction
[51]. In the present study, serum ChE activity
decreased under nitrite exposure. Nitrite toxicity
might be the consequence of an induced-liver
dysfunction. Similar findings have been described
by Sancho et al. [52], who reported 57% inhibition
level of plasma AChE activity in A. anguilla,
exposed to the pesticide. And also, Sen et al. [53]
have reported that Serum can inhibit acetyl-ChE
(AChE) activity in fish.

CONCLUSION
The present study reveals that sublethal
exposure of the Fish, O. niloticus, to the nitrite
results in significant effects on hematological and
biochemical parameters. It has been noted that nitrite
also lead to a decrease in some hematological
parameters (Hb and RBC), and increase in some
other hematological parameters (Hct and WBC) of
the Nile Fish. Biochemical parameters of cortisol
and glucose increased during nitrite exposure, but
ChE activity decreased during this exposure. And
also GSH decreased during nitrite exposure. Based
on these data, it can be stated that in ecological
systems, O. niloticus, could be a suitable biomarker
for assessing exposure to nitrite.
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disaggregation and soil loss by wind [3], [4], [5].
Anthropogenic or machine-induced particulates (PM10) may be disruptive for the physical and
mental health in humans and may cause diseases
such as respiratory disorders and allergic reactions.
In addition, such particulates can severely obstruct
the sustainability of agricultural practices.
Sustainable agriculture is a production concept that
considers environmental factors such as soil, water,
and air and has a protective effect on the health of
human, plant, and animal. It has been designed to
sustain the ecological balance and preserve the
nature. The prime objective of sustainable
agriculture is to preserve soil and improve soil
productivity. Particulate matters are characterized
with aerodynamic diameters, and can exist in various
dimensions. These particulates enter into the human
body through inhalation when their aerodynamic
diameters are less than 10 μm (PM10). The
particulates with a diameter of less than 2.5 μ m
(PM2.5) are defined as ³ILQH SDUWLFXODWHV´ DQG WKH
ones with a diameter larger than 2.5 μm are defined
DV³FRDUVHSDUWLFXODWHV´
Wind tunnels are commonly employed to
determine the potential emission concentration and
composition of mineral aerosols and to assess their
impacts on environment and health [6]. Desert and
semi-arid regions cover about 33% terrestrial areas
of the world, and have completely sandy textures.
The soils in these regions are the major source of
atmospheric dust [7]. In a previous study, high PM10
emissions were reported for clay and loamy soils,
while low PM10 emissions were reported in sandy
soils [8]. Even the same textured soils may have
different dust concentration. The differences in PM10
emissions are mainly due to variations in soil
properties including organic matter content and
aggregate size, and stability of soils. Soil moisture is
an important factor in controlling dust concentration;
the moisture content may vary on the basis of the soil
texture. Larissi et al. [9] determined that mean
seasonal variation of the examined PM10 emissionsin
different locations in Greece presents a maximum
during the warm period of the year and a minimum
during the cold period. Clay soils need more
moisture than sandy soils to prevent dust

ABSTRACT
The traditional method of agriculture is
generally harmful to the environment as it involves
procedures such as burning wastes and deep soil
tillage for weed control. Tillage results in the release
of particulate matter (PM) from soil. Improper soil
tillage methods and techniques can increase soil
erosion, and ultimately cause degradation of soil. In
this study, we measured dust concentration (PM10)
generated by alternative soil tillage implementations
and examined its relationships with mean weighted
diameter, stability index, and surface roughness.
Considering alternative soil tillage treatments, mean
weighted diameter, shearing stress, stability index,
and surface roughness values were found to be in the
range of 5.25±11.57 mm, 0.34±0.618 N cmí2, 2.24±
3.80, and 8.2%±29.0%, respectively. Dust
concentration generated by different soil tillage
treatments were determined to be between 49.19 and
143.45 mg mí3. The effects of tillage treatments on
dust concentration were found to be significant (P <
0.01). A 22.6% increase in soil moisture resulted in
40.8% decrease in dust concentration. The
correlation coefficients indicating the relationships
of dust concentration with mean weighted diameter,
shearing stress, and stability index were calculated as
0.94, 0.81, and 0.94, respectively.

KEYWORDS:
Soil tillage, dust concentration, mean weighted diameter,
shearing stress, stability index, surface roughness

INTRODUCTION
The dust cycle plays an important role in the
Earth system [1]. Global annual dust emission is
estimated to be as much as five billion tones. It is
agreed that a large portion of the atmospheric dust is
emitted from desert soils. However, in recent years
more attention has been given to the contribution of
semi-arid soils as dust sources [2]. It has been shown
that agricultural activities including grazing areas
and field crops can significantly accelerate
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concentration. In sandy soils, water initially binds
the sand particles with the dust particulates, whereas
in clay soils, it initially fills up the pores in the
aggregates and then binds to dust particles [10].
In the USA, air emission factor is defined as a
reference value for the amount of pollutants released
in the atmosphere. The following equation is used to
calculate PM10 emission [11].
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tractors with no cabins, respectively [16]. Arslan et
al. [17] found that PM10 and PM2.5 concentration
levels were higher than the threshold limit values of
15000 μg m-3 and 5000 μg m-3 in rotary tilling, wheat
harvesting and hay making. Concentration of PM1
was notably high during wheat harvest and
haymaking.
In the USA, the soil tillage methods were
intervened because limits specified in air quality
standards exceeded in some states and alternative
soil tillage and planting methods were
recommended.
Gustaffson and Noren [18] noted the
occurrence of a high level of dust concentration
while working with different machines in agriculture
and forestry, and the minimum and maximum dust
concentration out of the cabinet during the soil
tillage were 2.1 mg mí3 and 577 mg mí3,
respectively.
There is a serious threat of erosion over about
40% Turkish agricultural lands. In Central Anatolia,
erosion is occurring to date at a rate of 420 million
tons per year because of improper soil tillage and
agricultural implementations. Wind erosion and dust
storms became one of the main daily environmental
problems of the people living in the region. This is
the first study evaluating the effects of alternative
tillage practices on dust concentration. In this study,
particulate matter concentrations that occurred
during different soil tillage practices were measured
and the relationships between PM10 concentration
and some physical properties defining the erosion
capability of soil were assessed.

 ܧൌ ͳͳʹǤͻͺ ݏǤ ,
where,
E: PM10 emission factor (mg mí3)
s: Ratio of <75 μm particulate at 0- to 10-cm soil
layer (g gí1)
High wind velocities increase erosion over the
lands with weak aggregate stability and results in
low biomass production in the agricultural lands
where cereal-fallow rotation is applied. Lopez et al.
[12] investigated the effects of traditional (plow +
roller combination) and reduced tillage (chisel plow)
methods on wind erosion. It was found that reduced
soil tillage preserved soil better than traditional
method did because the amount of transportable
particulate was lower (10%) at low wind speeds,
plant residue cover was more than 30%, and surface
roughness was over 15% in the reduced tillage.
Protective soil tillage may be considered as an
alternative implementation to improve the fertility of
transportable soils.
Çarman et al. [13] examined the effects of
horizontally and vertically shafted soil cultivation
machinery over the soils. Two vertical and one
horizontal shafted soil routers were used in the study.
Following the soil tillage, surface roughness of the
soils varied between 8.69%±12.96%, mean weighted
diameter (MWD) changed between 7.28 and 11.76
mm, stability index varied between 8.06 and 16.65
mm, and surface stubble cover ratio varied between
7% and 21%. Considering the implementations with
respect to protective soil tillage, researchers
indicated that horizontal shafted finger-type and
vertical shafted soil tillage machines are more
appropriate in the preservation of soil moisture.
Gerontidis et al. [14] determined that soil
displacement or erosion was related to the tillage
depth of soil. They also indicated that a 50%
decrease in soil tillage depth can cause 75% decrease
in soil erosion.
Liu et al. [15] used a wind tunnel to determine
the effects of ridge or normal sowing over wind
erosion. They created 15-, 10-, 10-, 5-, and 3-min
erosions at 8, 10, 15, 20, and 24 m/s wind speeds,
respectively. Although the erosion was 128.89
gmí2miní1 in normal sowing, the value was 20%±
60% less in ridge sowing. At the same ridge height,
as the ratio between the ridge height and the furrow
width increased, the average wind erosion decreased.
Mean dust concentration were 137.9 mg mí3,
83.6 mg mí3, 80.3 mg mí3, and 88.8 mg mí3 for soil
packing, furrowing, straw making, and baling by

MATERIAL AND METHOD
The present study was conducted over the
experimental fields of Konya Soil Water Deserting
Control Research Institute (37°52´N latitude,
32°31´E longitude and altitude1050 m) during the
years 2012-2013 (the first year) and 2013-2014 (the
second year). Konya is considered a semi-arid
region. In this region, the average annual
precipitation is estimated to be 300 mm. The soil
texture of the experimental stubble covered fields
was clay (C) (Table 1). Equipment, such as
horizontal and vertical shafted rototiller, moldboard
plow, and winged chisel²commonly used by
regional people²were used in experiments.
Technical specifications for the equipment are given
in Table 2. The design of the experiment was a
randomized complete block with three replications.
Individual plot size was 100 × 10 m.
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TABLE 1
Physical properties of experimental soils
Clay % 43
Texture
Sand % 37
Silt % 20
2012-2013
pH
8.20
Organic Matter (%)
0.76
Moisture content (%)
15
1.23
Bulk Density (0-20 cm) (g cm-3)
Penetration Resistance (0-20cm) (MPa)
2.09
Shear Stress (N cm-2)
2.23
Stubble amount ( g m-2)
144

2013-2014
8.14
1.21
18.5
1.29
2.66
2.06
252

TABLE 2
Technical specifications for experimental equipment
Operational Operational
Number of
Machine-Tool
width
depth
cultivating
(m)
(cm)
organ
Horizontal Shafted Rototiller-float (HSRT)
250
12
11
Vertical Shafted Rotovator-float (VSRT)
215
18
8
Plough +
120
22
4
Cultivator - float (2 times) (CT)
210
12
11
Winged Chisel-float (VC)
215
22
7

Operational
speed
(km h-1)
4.2
3
5.5
7
2,8

Soil moisture was determined by a time-domain
reflectometer (TDR) device and calibrated via the
gravimetric method. Measurements were made at a
depth of 0±15 cm with 10 recurrences in each parcel.
Soil samples were taken from 0- to 20-cm soil layer
for each treatment to determine MWD of soils.
Samples were sieved through 40-, 20-, 16-, 8-, 4-,
and 2-mm sieves and divided into seven fractions.
These fractions were weighed separately and
percentage values were obtained [19], [20].
Following equation was used to calculate MWD
[21].
0:' ;L:L
where Xi is mean diameter of each size fraction
(mm) and Wi is proportion of the total sample weight
occurring in the corresponding size fraction (g).

each plot. Samples were then brought to laboratory,
dried at room temperature, filtered through rotary
sieves of 0.42-, 0.84-, 2.0-, 6.4-, and 12.7-mm, and
soil fractions were obtained and percentages of soil
fraction were calculated according to their overall
weight [23].
G ൌ Ȁ,
where;
A: Percentage of non-erodible dry aggregates
over 0.84 mm
B: Percentage of erodible dry aggregates below
0.84 mm
Surface relief was measured by using surface
profilometer. This consisted of a set of vertical rods,
spaced at 2.5 cm intervals, sliding through an iron
bar of 100 cm length. The soil surface roughness was
calculated by using the Kuipers equation [24],

A winged shearing tool with 10 cm diameter
and 12 cm height was used to determine the shearing
resistance of soil. The torque handle mounted at the
end of winged shearing tool was having 0- to 80-Nm
measurement range. Measurement devices were
piled into 0- to 20-cm soil profile before and after
tillage, the torque applied by winged shearer over the
cylindrical surface was noted. Soil shearing stress
was determined by the following equation [22]:

R

100 Log

S
10 ,

where;
R: Soil surface roughness (%)
S: Standard deviation of the measurement
Thermo-Scientific MIE pDR -1500 portable
dust measurement devices were used for dust
concentration
(PM10)
measurements.
Dust
concentration measurement range of the device is
0.001±400 mg mí3, particle size rage is 0.1-10 μm
and air flow range is 1.0±3.5 L miní1. The
measurements were implemented by attaching
special apparatus at 1 m height, and 1 m apart from
the rear part of the equipment used in soil tillage.

߬ 7>ʌG2 (h/2 + d/6)],
where;
߬: Soil shearing stress (N cmí2)
T: Torque (N cm)
To determine the stability index (SI) of soil, soil
samples were taken from 0- to 5-cm depth of
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0.669 and 1.10 N cmí2. Soil tillage is among the
significant factors affecting the physical properties
of soil [26]. The tillage treatments affect the physical
properties of soil, particularly, when similar tillage
system is practiced for a longer period [27].
Considering the soil tillage treatments, average
shearing stress was 0.55 N cmí2 for the first year and
0.42 N cmí2 for the second year. An increasing of
22.6% in soil moisture resulted in 23.6 % decrease in
average shearing stress of soils. Variance analysis on
shearing stress values of soils revealed the
significant differences between the years (P < 0.01).

RESULTS AND DISCUSSION

       


   


The MWD of soils at different soil tillage
treatments varied between 5.25 and 11.57 mm
(Figure 1). Although the greatest MWD was
obtained from winged chisel treatment, the lowest
value was obtained from horizontal shafted rototiller
treatment. Compared with other cultivation methods,
MWD was 42.8% higher in winged chisel treatment
done by tearing the soil in vertical plane.
While increasing machine peripheral speeds in
machines driven by tractor, the PTO shaft increased
the fragmentation efficiency of soil. Çarman et al.
[13] determined MWD of soil to be between 7.28 and
11.76 mm for horizontal rototiller. Önal and Aykas
[25] reported that MWD of soil to be between 14.6
and 16.5 mm for tillage with horizontal and vertical
shafted machines actuated from PTO. The
differences between current findings and earlier
studies might be due to the differences in soil types,
moisture levels, and structural and operational
properties of soil tillage equipment.
Depending on tillage treatments, MWD was
8.72 mm in the first year and 6.53 mm in the second
year. Presumably, increasing soil moisture could
effectively render smaller MWD value in the second
year. Thus, 22.6% increase in soil moisture resulted
in 25% decrease in the MWD of soil. Variance
analysis on MWD values indicated significant
differences between the years (P < 0.01).




  

   


FIGURE 2
Effects of different soil tillage treatments on soil
shearing stress
The stability index indicates the resistance of
soils against erosion. Stability index values in
different soil tillage treatments are presented in
Figure 3. As it can be seen from the figure, stability
index values varied between 2.24 and 3.80. The
smallest stability index was observed in horizontal
shafted rototiller and the greatest value was observed
in winged chisel treatment. The stability index for
the winged chisel treatment was 36.5% higher than
the stability index of horizontal shafted rototiller
treatment. The stability index values in the second
year increased by 27% and reached to 3.33. Such a
case was resulted from 22.6% increase in soil
moisture level. The stability index of all the
treatments was over 1.5 indicating that the studied
fields were resistant against erosion. Variance
analysis on stability index values indicated
insignificant differences between the years (P <
0.01).
Depending on the soil tillage treatments, soil
surface roughness values varied between 8.2% and
29% (Figure 4). The greatest surface roughness was
obtained in winged chisel treatment, and the smallest
unevenness was obtained from horizontal shafted
rototiller treatment. Compared with pre-tillage,
winged chisel treatment increased surface roughness
by 562%. Higher MWDs in winged chisel treatment
might have caused this effect. Depending on tillage
treatments, while surface







Fresenius Environmental Bulletin




   


FIGURE 1
Effects of different soil tillage treatments on
mean weighted diameter of soils
Depending on soil tillage treatments, shearing
stress of soils varied between 0.34 and 0.618 N cmí2.
The effects of four different tillage treatments on soil
shearing stress are presented in Figure 2. The
greatest change in the shearing stress of soil was
observed in vertical shafted rototiller treatment, and
the change in the first year was 75.5%, whereas the
change in the second year was 82%. The smallest
change in shearing stress was obtained from winged
chisel treatment for both years. Çarman et al. [13]
conducted a study with movable machines which
were driven from the PTO shaft of tractor and
reported the shearing stress of soils to be between
1723
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namely, mould-board plowing (conventional tillage)
and chisel plowing (reduced tillage) and observed
that dust concentration (at 1 m height) ranged from
WRȝJPí. Soil moisture and texture might
be effective in having lower dust concentration in
that study. Gustafsson and Noren [18] found a dust
concentration range of 2.1±577 mg mí in soil tillage
operations with no cabins. Our values shown in
Figure 5 are lower than the ultimate results of that
study. Hinz [29] calculated the amounts of dust
emitted during various tillage operations. The
researcher proposed emissions between 18.6 and
29.5 kg haí for harvesting operations and between
0.8 and 1.4 kg haí for normal tillage operations.
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FIGURE 3
Effects of different soil tillage treatments on
stability index

  
  "

  
 

roughness was 20% in the first year, the value was
15.2% in the second year.Again, soil moisture might
have resulted in such a decrease in surface
roughness. Thus, 22.6% increases in soil moisture
caused about 24% decreases in surface roughness.
Variance analysis on surface roughness data
revealed that the differences in surface roughness
values over the years were significant (P < 0.01)






  

   




FIGURE 5
Effects of different soil tillage treatments on dust
emissions


  

   

A significant exponential relationship was
observed between the MWD and dust concentration
of soils (P < 0.01) (Figure 6). Correlation coefficient
(R) of the relationship was 0.94. Decreasing dust
concentration were observed with increasing MWD
of the soils.

FIGURE 4
Effects of different soil tillage treatments on
surface raughness




   

Depending on different soil tillage treatment,
dust concentration generated during the soil tillage
varied between 49.18 and 143.45 mg mí3 (Figure 5).
The greatest dust concentration was observed in the
horizontal shafted rototiller and the smallest dust
concentration was observed for the winged chisel
treatment (P < 0.01). Average dust concentration in
horizontal shafted rototiller treatment was observed
to be 117.52 mg m±3 because of the over
fragmentation of soil (MWD = 5.87 mm). Higher
MWD of soil in winged chisel operating through
tearing the soil in vertical plane resulted in less dust
concentration levels. Average dust concentration
values decreased by 40.8% and were 68 mg mí3 in
the second year. In the present case, 22.6% increase
in soil moisture resulted in having such a low dust
concentration. Variance analysis on dust
concentration revealed that the differences in dust
concentration over the years were significant (P <
0.01). Aybek and Arslan [16] reported the dust
concentration levels during soil tillage by tractor
without cabinet to be between 83.6 and 137.9 mg
mí3. Lopez et al. [28] studied dust concentration
from agricultural lands under two types of tillage,







   
 










      



FIGURE 6
The relationship between mean weighted
diameter and dust emission
A significant exponential relationship was
observed between shear stress and dust
concentration of soils (P < 0.01 and R = 0.81) (Figure
7). Decreasing dust concentration were observed
with increasing shear stress of the soils.
A significant logarithmic relationship was
observed between stability index and dust
concentration of soils (P < 0.01 and R = 0.94) (Figure
8). Decreasing dust concentration were observed
with increasing stability index of the soils.
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was observed between dust concentration and
stability index.
* There are limited dust concentration data for
agricultural tillage operations because it is difficult
to have different environmental conditions (soil
moisture, silt content, and tillage method) to conduct
experiments. The models developed in this study
may fill some gaps for different tillage conditions
and make the estimation of dust concentration
possible. However, further research is needed to get
data regarding dust concentration for other tillage
methods and machines.

   















  
 







   

FIGURE 7
The relationship between shear stress and dust
emission
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ABSTRACT

INTRODUCTION

Date palm is propagated by offshoot and tissue
culture to produce plants that are true- to- type,
which leads to decreased genetic diversity.
Cryopreservation is used for the preservation of
genetic resources of a wide range of plant species for
short- to long-term storage. Callus induction was
achieved for four cultivars (Ajwa, Khodary,
Ruthana, and Sukary) on MS medium with 2,4dichlorophenoxyacetic acid (2,4-D) (2.5 mg/l) and
Į-naphthaleneacetic acid (NAA) (5-7.5 mg/l) in
combination with benzyladenine (BA) (0.5-1 mg/l).
The calli were cryopreserved by encapsulation±
vitrification and dehydration methods. Survival and
regeneration after cryopreservation in liquid
nitrogen ranged from 51±57% and 29.66±41.33%,
respectively,
among
the
cultivars
with
encapsulation±vitrification
method.
However,
survival and regeneration was much low with
dehydration method as compared to encapsulation±
vitrification and it was ranged from 16-24.66% and
27-33.66%, respectively. Genetic fidelity was
assessed using SCoT markers in regenerated
plantlets after cryopreservation and compared to
mother plants as well as with tissue culture raised
plantlets. Out of a total of 118 amplicons produced
by 18 SCoT primers, 114 were monomorphic and the
remaining were polymorphic. This low genetic
variation indicates the clonal genetic stability of the
regrown plantlets after cryopreservation.

Date palm (Phoenix dactylifera L.) is one of the
most ancient cultivated fruit trees in the world. The
fruit has great nutritional value and socioeconomic
importance in North Africa and the Middle East.
There are approximately 400 different cultivars of
date palm grown in various regions of the Kingdom
of Saudi Arabia [1]. Biotechnology has an important
role in propagation, improvement, and preservation
of plant genetic resources [2]. It is important to
conserve the genetic diversity of date palm for
genomic research and to develop breeding programs
as the crop exhibits high tolerance to drought and
salinity stresses []. Both of these abiotic stresses
decrease the production of dates [4,5]. The
continuous selection of this tree by humans has
resulted in limited genetic diversity. Therefore,
germplasm cryopreservation is of the utmost
necessity for future crop improvement through
genetic engineering approaches.
Some in vitro culture techniques have been
established for date palm, e.g., organogenesis,
somatic embryogenesis, embryo rescue, and plant
regeneration. The success of such techniques is
highly genotype dependent. The cryopreservation of
potential date palm cultivars is very necessary in the
Kingdom of Saudi Arabia as they differ in taste,
texture, and size of the fruit. There are many
advantages of the cryopreservation method such as
its low maintenance costs and small storage
requirements [6]. The encapsulation/dehydration
method has been successfully applied to several
temperate plant species, including apple, potato,
pear, and sugarcane [7]. Differences among
genotypes of regenerated plants should be
maintained after cryopreservation [8] as it is
necessary to preserve as much genetic diversity as
possible within a plant species. Various molecular

KEYWORDS:
Molecular tools, SCoT markers, callus, genetic fidelity,
phytohormone
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markers have been utilized to confirm genetic
stability of the regenerated plants after
cryopreservation including random amplified
polymorphic DNA (RAPD) [9,10,11], amplified
fragment length polymorphism (AFLP), and simple
sequence repeat (SSR) [12,13,14,15,6]. However,
different DNA markers have varying efficiencies in
identifying polymorphisms and diverse levels of
DNA changes. Start codon targeted (SCoT) markers
have been developed recently for the assessment of
genetic diversity [16]. These markers are more
reproducible than RAPD markers owing to a longer
primer sequence. The start codon (ATG) and
flanking sequences are highly conserved in plant
genes [17]. SCoT markers have been used for the
assessment of genetic diversity in Saudi Arabian
date palm cultivars, Cleome gynandra, and Elymus
sibiricus [18,19,20]. SCoT markers gave
reproducible results when utilized in functional
genomic studies of Saccharum officinarum,
Mangifera indica, and P. dactylifera [21,22,23].
Using available literature on date palm, we assessed
the genetic stability in potential cultivars of date
palm after cryopreservation. Evaluating of the
genetic fidelity after cryopreservation of plant
tissues is necessary to preserve the germplasm in the
true-to-type form. Therefore, genetic stability was
tested before and after cryopreservation and
compared to the mother and tissue culture-raised
plants.

and their comparison to regenerated plantlets after
cryopreservation.
Cryopreservation protocol. Synthetic seeds
were produced from embryogenic calli (twomonths-old cultures) of the four commercial
cultivars of date palm (Ajwa, Khodary, Ruthana, and
Sukary). Sodium alginate beads were made by
dipping in 3% sodium alginate solution in MS
medium containing few calli in 50 mM solution of
sodium chloride. The synseeds of all cultivars were
treated with PVS1 solution (19% glycerol, 13%
ethylene glycol, 6% DMSO, and 0.5% sorbitol)
before immersion in liquid nitrogen using the
encapsulation±vitrification method [25]. Some
synseeds were dehydrated at 27 ± 2 °C for 4 h in
silica gel to 23% water content. Some calli (obtained
from both methods) were immersed in liquid
nitrogen for differing time periods 30, 60, and 90
mins. The experiment was replicated to confirm the
reproducibility of the results.
Genetic fidelity testing using Start Codon
Targeted (SCoT) marker. Regenerated plantlets of
all cultivars were taken outside for the study of
genetic fidelity using the SCoT markers. Genomic
DNA was isolated from the plantlets of these
cultivars, using the modified CTAB protocol [26].
Genomic DNA was used to generate the fingerprints
using SCoT primers as previously described for
monocots [16]. PCR reactions were performed in 25
μl volumes using GE Healthcare PCR beads
(dNTPs, Taq polymerase with Mg++). The primer
and template DNA were added after the addition of
double-distilled water. PCR amplification was
conducted in a Veriti 96-well thermal cycler
(Applied Biosystem, Singapore). Initial denaturation
was carried out at 94 °C for 3 min, followed by 36
cycles at 94 °C for 1 min, 51 °C for 1 min, 72 °C for
1 min, and a final extension at 72 °C for 4 min.
Agarose gel (1.2%) electrophoresis was performed
in 0.5X TBE buffer solution to examine the PCR
products.

MATERIAL AND METHODS
Cultivars collection and callus induction.
Healthy offshoots of authentic potential cultivars
were collected from 5±10-years-old female date
palm trees growing at Al-Rajhi farm, Al-Qassim,
Saudi Arabia. The apical meristematic tissue was
excised from the shoot and used for the induction of
callus on Murashige and Skoog (MS) medium [24]
supplemented with various phytohormones (PGRs)
including 2,-4 dichlorophenoxyacetic acid (2,4-D)
(2.5 mg/l) DQGĮ-naphthaleneacetic acid (NAA) (57.5 mg/l) in combination with benzyladenine (BA)
(0.5-1.0 mg/l). The apical meristem was washed
thoroughly under distilled water, further surface
sterilized using bleach (5%, v/v) for 20 min, and
washed three times with sterile Millipore water. The
calli of all cultivars were produced on MS medium
containing
different
concentrations
and
combinations of PGRs. Before cryopreservation,
some calli were retained for genetic fidelity testing

Data analysis. SCoT markers were used to test
the genetic fidelity pre- and post-cryopreservation of
embryogenic calli. The data for all primers were
pooled into a binary matrix based on absence (0) or
presence (1) of the bands on the agarose gel. The
similarity matrix was calculated using NTSYS
software, version 2.20 package [27]. One-way
aanalysis of variance (ANOVA) was performed
using SPSS; significant differences among the
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WUHDWPHQW PHDQV ZHUH HYDOXDWHG XVLQJ 'XQFDQ¶V
multiple range test [28].

media with the above added phytohormone
concentration. After this period, the calli started to
regrow to plantlets; however, the growth response of
each cultivar varied on same medium (1 1 & 2).
Plantlets appeared after four weeks of culture on the
MS medium, and thereafter, callus survival and
regeneration were recorded for each cultivar (Table
1 & 2). However, callus induction depends on
genotype of the explant and the type and
concentration of phytohormone [33,34,35,36,37].
Maximum regeneration (41.33%) and survival
(57.33%) was observed for Ruthana with
encapsulation±vitrification method. For the other
three cultivars, Ajwa, Khodary, and Sukary,
regeneration ranged from 29±38% and survival
ranged from 51±56% (Table 1) with encapsulation±
vitrification method. The regeneration and survival
was observed low using dehydration method as
compared to encapsulation±vitrification and it was
ranged from (16-24.66%) and (27-33.66%) in Ajwa,
Khodary, Sukary and Ruthana (Table 2). Increasing
culture duration did not considerably improve
regeneration in any of the cultivars we assessed. This
lack of response may result from varietal differences
among cultivars of the date palm. SUBAIH et al.
[38] used the encapsulation±vitrification method for
the date palm and observed 60% regrowth on MS
medium after cryopreservation. The vitrification
solution has been used successfully for
cryopreservation of calli and polyembryoids of date
palm and oil palm [39,40]. Incubation duration is
also very important in PVS2 solution as excess
treatment of duration may lead to death of the cells
as seen in Elaeis guineensis [41].

RESULTS AND DISCUSSION
Plant germplasms of various species are
conserved ex situ in gene banks in a variety of forms
such as seed, DNA, and cryogenically preserved
tissues. Cryopreservation is one of the potential
method for the conservation of a large number of
taxa as it requires little space for storage. This
method also helps in pathogen eradication and plant
genetic improvement [29]. Plants identical to their
mother plant can be regenerated from the
cryopreserved explant; however, genetic variations
may arise in these plants owing to the generation of
reactive oxygen species (ROS) [30]. In vitro
conservation methods require specialized skills, are
labor intensive, and are subject to the risk of
contamination, which may result in the loss of
conserved germplasm and lead to genetic variation
after multiple subcultures of the same explant
[31,32].
Regeneration of the plantlets after
cryopreservation. The embryogenic encapsulated
vitrified calli treated with liquid nitrogen as well as
encapsulated dried calli were placed on MS medium
supplemented with 1 mg/l BA to evaluate their
survival and regeneration capacity after 4 and 8
weeks of culture. No response was observed after
two weeks of culture of cryopreserved calli on MS

Ă

ď

Đ

Ě

FIGURE 1
Synseeds germination after cryopreservation of date palm cultivars with encapsulation±vitrification
method
1a: Ajwa; 1b: Khodary; 1c: Ruthana; 1d: Sukary
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FIGURE 2
Synseeds germination after cryopreservation of date palm cultivars with dehydration method
2a: Ajwa; 2b: Khodary; 2c: Ruthana; 2d: Sukary
TABLE 1
Regeneration and survival of various cultivars of date palm on MS media after cryopreservation using the
encapsulation±vitrification method
S.N.
1.
2.
3.

Parameters
Regeneration after 4 weeks
Survival after 4 weeks of subculture (%)
Regeneration after (8 Weeks)

Ajwa
25 ± .57 a
 ± .57 b
35.33 ± .33 b

Khodary
26.66 ± 1.20 a
 ± .57 c
38.66 ± .88 c

Ruthana
34.66 ± .88 b
.33 ± 1.20 a
41.33 ± .88 d

Sukary
24.66± 1.20 a
 ± .54 c
29.66 ± .88 a

0HDQRIWKUHHUHSOLFDWHV'XQFDQ¶V5DQJH7HVWVLJQLILFDQFHOHYHODWS 
TABLE 2
Regeneration and survival of various cultivars of date palm on MS media after cryopreservation using the
dehydration method
S.N.

Parameters
1. Regeneration after 4 weeks
2. Survival after 4 weeks of subculture (%)
3. Regeneration after (8 Weeks)

Ajwa
16.00±1a
27.00±4.35a
18.66±1.52a

Khodary
20.33±1.52ab
28.33±3.78a
24.00±2ab

Ruthana
23.33±2.08b
33.66±2.51a
24.66±4.72b

Sukary
18.66±3.51a
32.00±2.64a
21.33±2.08ab

0HDQRIWKUHHUHSOLFDWHV'XQFDQ¶V5DQJH7HVWVLJQLILFDQFHOHYHODWS 

Genetic fidelity using start codon targeted
(SCoT) markers. Genetic stability of regenerated
plantlets from cryopreserved embryogenic calli was
evaluated using SCoT markers. All cryopreserved
date palm cultivars were compared to the tissue
culture-raised calli as well as to the mother plants.
DNA fingerprints of all regenerated plantlets were
almost same after cryopreservation for different time
periods (30, 60, and 90 min) for encapsulated
vitrified and desiccated encapsulated seeds. The
survival rate of cryopreserved calli for above

incubation time was found same within the cultivar,
however, it was varied among the cultivars (Table
1&2) using the both methods. In vitrification
technique, incubation time has impact on survival of
explant (somatic embryos) as was seen on Bactris
gasipaes, Kunth [41]. Out of 18 SCoT primers used,
16 primers gave clear and reproducible results. DNA
polymorphism was low among the cultivars after
cryopreservation
(encapsulation±vitrification
method) as results from one SCoT primer-2
demonstrated (5´-CAACAATGGCTACCACCC-
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3´) (Figures 3±6). The similar result was also
obtained in dehydration method using the SCoT
marker and DNA polymorphism was also low as like
obtained in encapsulation±vitrification method.
The similarity matrix was calculated using the
UPGMA method revealed similarities of 0.94±1.00
among all cultivars with both methods. This result

indicates high genetic similarity among the
regenerated plantlets after cryopreservation.
Polymorphism was also detected among the
plantlets; however, the low level (8±9%) was
consistent with high genetic similarity among the
regenerated
plantlets
before
and
after
cryopreservation.

FIGURE 3
DNA fingerprint of Ajwa cultivar using SCoT primer-2
Lane M: Marker (100 bp DNA ladder, Solis BioDyne, Estonia); Lane A: Mother plant; Lane A1-A5:
Pre-cryopreservation
Lane A6-A10: After cryopreservation

FIGURE 4
DNA fingerprint of Khodary using SCoT primer-2
Lane M: (100 bp DNA ladder, Solis BioDyne, Estonia); Lane Kh, Mother plant; Lane Kh1-Kh5: Precryopreservation
Lane Kh6--Kh10: After cryopreservation
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FIGURE 5
DNA fingerprint of Ruthana using SCoT primer-2
Lane M: (100 bp DNA ladder, Solis BioDyne, Estonia); Lane R-Mother plant; R1-R5: Precryopreservation
Lane R6-R10: After cryopreservation

FIGURE 6
DNA fingerprint of Sukary using SCoT primer-2
Lane M: (100 bp DNA ladder, Solis BioDyne, Estonia); Lane S-Mother plant; S1-S5: Precryopreservation
Lane S6-S10: After cryopreservation

optimized. Genetic stability of synthetic seeds
derived plants was also maintained after
cryopreservation in other plant species, including
Melia azedarach, apple shoots, Populus tremula L.
× Populus tremuloides, and Cineraria maritima
[9,43,44,45]. Thus, employing the encapsulation±
vitrification method for date palm cryopreservation
was very effective owing to the maintenance of the
genetic integrity of the genome. Further, alginate
coating on encapsulated explants acts as a shield for

Our results were consistent with previous work
[42] on cryopreservation of date palm calli and their
genetic stability; however, survival and regeneration
were lower in our study. This finding may result
from the genotype of the cryopreserved cultivars.
Each primer used in SCoT marker profiling was
replicated three times for genetic fidelity testing and
produced consistent results. Storage conditions and
periods may also play an important role in the
viability of the cryopreserved explants and should be
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considered an efficient choice for both propagation
and short- to long-term storage of date palm
cultivars. Our results clearly demonstrate that the
standardized duration for cryopreservation of
embryogenic calli in liquid nitrogen could be used
for other elite date palm cultivars available in Saudi
Arabia. Finally, encapsulating calli with the
vitrification method is a very cost-effective and easy
method to perform in the laboratory to cryopreserve
plants.

CONCLUSION
Genetic fidelity was found same in the genome
of the regenerated plantlets obtained with
encapsulation±vitrification
and
dehydration
methods after cryopreservation assessed by SCoT
marker. This marker has showed reproducible
results among the cultivars which were compared
with mother and tissue culture-raised plants. Very
low polymorphism was detected in the regenerated
plantlets from all the cultivars and genetic
homogeneity was maintained after cryopreservation.
The regeneration was much lower in the
encapsulated desiccated calli as compared to the
encapsulated vitrified seeds. Therefore, this
cryopreservation protocol can be applied to other
potential cultivars of date palm while
preserving genomic homogeneity.
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ABSTRACT
Nitrifying bacteria in sediment plays an
important role during the nitrogen release in
eutrophic plateau lake. The present study determined
Illumina reads (16S rRNA gene amplicons) to
analysis the community dynamics of ammoniaoxidizing bacteria(AOB) and nitrite-oxidizing
bacteria (NOB)from sediments in Dianchi Lake, a
eutrophic plateau lake in China. Results indicated
that the richness indices of AOB dramatically
increased on the 6th day during nitrogen release. The
diversity and richness indices of NOB showed the
highest values on the 9th and 18th days. No
subdivisions in phylum and class levels of AOB
existed, and Nitrosomonas was the main genus
responsible for the decrease in NH4-N concentrations.
The most abundant phyla of NOB were
Proteobacteria
(31.9%
to
48.4%)
and
Planctomycetes (49.0% to 65.9%) followed by the
sequences affiliated with Firmicutes, Cholroflexi,
and Cynobacteria. Heatmap analysis demonstrated
that throughout the 21 days, the sediment was
enriched with Nitrosomonas; Nitrobacter were
found to be significantly abundant on the 18th day
and resulted in peak concentrations of NO3-N on the
21st day. Redundancy analysis demonstrated that pH
had a negative correlation with the major genera of
AOB and NOB, and the culture time and
concentration of NH4-N were important factors for
NOB from the sediment samples of later periods.

KEYWORDS:
Sediment, AOB, NOB, Community, Sequencing

INTRODUCTION
Eutrophication is an ecosystem response to
human activities and is characterized by the
fertilization of water bodies with nitrogen and
phosphorus. In the 1970s, Schindler[1]found that
phosphorus was the key limiting nutrient in lake
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eutrophication. However, in 2009, Conley
[2]presented that the alleviation of eutrophication in
aquatic ecosystems along the land±ocean continuum
requires a balanced and strategic approach to
appropriately control nitrogen and phosphorus.
Therefore, besides phosphorus, nitrogen is also a
significant factor that affects eutrophication.
Nitrogen, one of the major biological nutrients, is
found in soils, sediments, water, and organisms.
However, the presence of excessive N can lead to
eutrophication and the excessive growth of
undesirable algae and other aquatic plants, which has
become a widespread environmental problem[3].
Nitrogen in sediments exists in different forms and
can migrate and transfer throughout the sediment±
water interface in response to physical, chemical, or
biological processes.
Nitrification, an integral part of nitrogen
biogeochemical cycle in the sediment±water
interface, has vital functions in eutrophication
because of the oxidation by nitrifiers from ammonia
to nitrate via nitrite [4].Previous studies indicated
that Proteobacteria, Chloroflexi, Actinobacteria,
Bacteroidetes, and Planctomycetes are the most
common phyla in freshwater lake sediments during
eutrophication[5-7]. As two different and specialized
bacterial groups that can carry out nitrification,
ammonia-oxidizing
bacteria(AOB;
mainly
belonging to Beta and GammaProteobacteria) and
nitrite-oxidizing bacteria (NOB; belongs to the
genera
Nitrospira
(Nitrospiraphylum))
are
widespread during nitrification [8, 9]. Beta
Proteobacteria mainly consists of two genera,
namely, Nitrosomonas and Nitrosospira. GammaAOB may have considerably wider distribution[10],
but
GammaProteobacteria,
such
as
Nitrosococcusoceani, are minor members of
sediment ammonia-oxidizing communities, which
appear with low diversity in most sediment analysis
or return no positive results [4, 11]. In contrast to
AOB, which is restricted almost exclusively to a
monophyletic group, NOB has a wide distribution
among the Deltaproteobacteria and phylum
Nitrospira for Nitrobacter, Nitrococcus, Nitrospina,
and Nitrospira[12, 13].
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The molecular approaches developed and used
to assess AOB and NOB diversity to data were based
on 16S rRNA gene sequences [14-16]. Conventional
culture and fingerprinting techniques have been
widely applied for the determination of microbial
communities in these studies. However, the above
mentioned techniques present inherent limitations.
For example, when employing fingerprinting
techniques, such as denaturing gradient gel
electrophoresis and phospholipid fatty acid analysis
(PLFA), precise, accurate, and comprehensive
description of microbial communities are difficult to
obtain [17-19]. As time goes on, innovative nextgeneration sequencing methods have been recently
developed for the analysis of 16S rRNA variable tags
and have been used for numerous sediment or soil
studies[20-22].
Dianchi Lake is a plateau eutrophic lake (water
surface elevation = 1886 m) located in southwestern
China ƍ1; ƍ( 7he lake covers an area
of 330 km2 with a volume of approximately 1.2 ×
1011m3. The lake is divided into two sections, the
northwestern part called Caohai and the southern
part called Waihai. In the eutrophic Lake, the
sediments can serve as either a source or a sink for a
large number of essential nutrients (phosphorus or
nitrogen) involved in the eutrophication process [23],
and microbes in sediment is one of the most
significant factors which can affect the nitrogen
release. Therefore, to understand the community
dynamics of nitrifying bacteria in sediments from
eutrophic lakes can lead to a better understanding of
factors that control eutrophication. The present study
focuses on community dynamics of AOB and NOB
communities by using barcoded paired-end
sequencing during nitrogen release in sediments. The
results of this research may provide new insights and
valuable references for nitrifier communities in
eutrophic lakes and provide a theoretical basis for the
control of eutrophication.

MATERIALS AND METHODS
Site description, sample collection and
characterization. Figure 1 showed the sampling site
called Haigeng district in Dianchi Lake. Haigeng
district, which is located in Waihai, is the junction
between Caohai and Waihai. The composite surface
sediment samples were collected in Haigeng district,
and the weight of sample collected was sufficient for
DNA extraction, analysis of physicochemical
parameters and the simulation of nitrogen release.
Sediment samples were put into sealed plastic bags
and stored in a portable ice box, then transferred to
the lab as quickly as possible and stored at í80 °C
before analysis.

Fresenius Environmental Bulletin

FIGURE 1
Sampling site in Dianchi Lake
The size of simulation reactor was shown in
Figure 2. The sediment samples were incubated at
20± 1 °C under incandescent light at 2000 lx with a
12 h diurnal cycle. Acetylene (concentration with
approximately 1.1 Pa) was used to inhibit
nitrification in incubation process. The experiments
were conducted in triplicate, and the volume of
sediment samples were assumed constant.

FIGURE 2
Simulation reactor of sediment release
The concentrations of NH4-N, NO2-N, and
NO3-N in water were measured everyday by using
standard methods [24]. The pH of the sediment was
measured in a 1:2.5 (w/v) mixture of sediment with
deionized water[25]. TN of the sediments was
obtained as ammonium by colorimetry after the
sample was digested[26]. OM content was calculated
according to the loss on ignition to constant mass (4h)
at 550°C.Physicochemical properties of water and
sediments from Haigeng District were shown in
Table 1. During the simulation of nitrogen, surface
sediment samples (0.5 cm) from reactor were
collected on days 1, 4, 6, 9, 13, and 21 for AOB
community analysis, and The samples used for NOB
community analysis were collected on days 1, 9,
13,18, 21, and 26.
DNA extraction. Sediment samples were
VWRUHGDWí&XQWLO'1$H[WUDFWLRQ. DNA was
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TABLE 1
Physicochemical properties (mean value ± standard deviation) of the water and
Sediment in Haigeng District
Sample

TN (mg L-1)

NH4-N (mg L-1)

NO2-N (mg L-1)

NO3-N (mg L-1)

Overlying water
Pore water

5.13±0.32
16.21±1.32

0.32±0.02
1.23±0.14

0.21±0.02
1.73±0.12

3.74±0.21
10.38±0.89

Sediment

TN (mg kg-1)
2892.21±212.23

pH
7.81±0.56

OM (%)
11.72±0.98

Depth (m)
3.1±0.2

Target
AOB
NOB

TABLE 2
Primers used in PCR
Primer set
Sequence (5'-3')
CTO189F
GGAGRAAAGYAGGGGATCG
CTO654R
CTAGCYTTGTAGTTTCAAACGC
FGPS1269R TTTTTTGAGATTTGCTAG
FGPS872F
CTAAAACTCAAAGGAATTGA

extracted from the sediment samples by using a
PowerSoil DNA Isolation Kit (Mobio Laboratories
,QF 86$  IROORZLQJ WKH PDQXIDFWXUHU¶V
protocol.DNA concentration and purity was checked
by running the samples on 1.2% agarose gels. All the
extracted total DNA samples were VWRUHGDWí °C
before further analysis.
PCR amplification of 16S rRNA genes and
sequencing. Primers targeting the 16S rRNA gene
were used to quantify AOB and NOB. Given the low
abundance of AOB and NOB in sediments, the
amplification of AOB and NOB gene fragments was
achieved after two PCR steps [13, 27]. Table 2 lists
the primers used [28-31].
The initial PCR reactions were conducted in
25-ȝ/UHDFWLRQ volumes with a 1 ȝ/'1$WHPSODWH
ȝ0G173V25 ȝ0RIHDFKSULPHU, 1Xreaction
buffer, and 0.5 U Phusion DNA Polymerase (New
England Biolabs, USA). The PCR conditions were
as follows: initial denaturation at 94 °C for 2 min,
followed by 30 cycles of denaturation at 94 °C for 30
s, an nealingat 56 °C for 1.5min, and extension at
72 °C for 30 s, with a final extension of 72 °C for 2
min.The Illumina Nextera XT Index Kit (Illumina
Inc., USA) with dual eight-base barcodes were used
for multiplexing. Eight cycles of PCR reactions were
used to incorporate two unique barcodes to either end
of the 16S amplicons. Cycling conditions consisted
of one cycle at 94 °C for 3 min, followed by eight
cycles of 94 °C for 30 s, 56 °C for 30 s, and 72 °C
for 30 s. The final extension cycle was at 72 °C for 5
min.
Prior to library pooling, the barcoded PCR
products were purified by using a DNA gelextr
action kit (Axygen, China) and quantified by using
the Qubit dsDNA HS Assay Kit (Life Technologies,
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USA). The libraries were sequenced by 2 ×300 bp
paired-end sequencing on the MiSeq platform
(Illumina). Experiments were conducted at
TinyGene Bio-Tech Co., Ltd (Shanghai).
Statistical analysis. The preprocessing of
sequences was performed mainly by using
MOTHUR 1.35.1 and following the MiSeq analysis
pipeline outlined in http://www.mothur.org/
wiki/MiSeq_SOP.Operational taxonomic units
(OTUs) were defined as groups where sequence
similarities were greater than 97%.The species
richness estimators (the abundance-based coverage
estimator ACE, Jackknife and Chao), Shannon
diversity index, and Simpson diversity index were
calculated. In this study, data preprocessing and
OTU-based analysis were performed by using
MOTHUR. Canoco 4.5 (Microcomputer Power,
USA) was used to conduct principal component
analysis (PCA) and redundancy analysis (RDA). The
statistical analysis was performed using SPSS 20.0.
Accession numbers. All of the sequencing data
analyzed in the present study can be downloaded
IURP WKH 1&%,¶V 6HTXHQFH 5HDG $UFKLYH using
accession number SRR3404604 (AOB) and
SRR3404606 (NOB).

RESULTS
Concentration of different forms of nitrogen
in overlying water. Figure3 shows the changes in
nitrogen concentrations (NH4-N, NO2-N, and NO3N) within 26 days. The concentration of NH4-N
increased rapidly (highest value: 4.5 mg·Lí1) and
subsequently decreased on the 4th day. The



Volume 26 ± No. 2a/2017, pages 1736-1744

© by PSP

concentration of NO2-N increased gradually before
the 6th day, and the concentrations were relatively
low. On the 9th day, the NH4-Nconcentration was the
highest and the concentration of NO3-N was higher
than NH4-N on the 13th day. The increase in NO3-N
became balanced n the 18th day, and the
concentrations of NH4-N and NO2-N were both 0
mg·Lí1.
8
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FIGURE 3
Changes in nitrogen concentration
Richness and diversity of microbial
communities. The AOB and NOB 16S rRNA
sequences were obtained from sediment samples at
different culture times. Table 3 show the community
richness and diversity by using different types of

Fresenius Environmental Bulletin

statistical methods, including ACE, Chao, Simpson,
Shannon, and Jackknife. Tags with 97% similarity
(Needleman±Wunschalignment) were grouped into
OTUs to calculate the richness and diversity indices.
A total of 2626 OTUs derived from 181522
sequences were determined by using AOB
community analysis. The number of OTUs was the
largest on the 6th and 21st day. The richness indices
of the AOB community, ACE, Chao, and Jackknife
showed a similar but significant trend to that by the
richness estimators. The richness indices decreased
after nine days and subsequently increased to the
highest values. The diversity indices (Simpson and
Shannon) showed irregular changes, and samples
obtained on the 21st day had the highest Simpson
(2.55)and Shannon (1.51) values with significant
differences (P<0.05) among the samples from
different days.
On the basis of 97% species similarity, a total
of 2249 OTUs derived from 340339 sequences were
detected in NOB community analysis. For the NOB
community, the highest values of ACE and Chao of
1532 and 859 occurred on the 9thday, respectively.
The Shannon diversity index of NOB was higher
than that of AOB and reached the highest value on
the 18th day. However, the Simpson diversity index
was considerably lower than AOB, and the values
showed little changes with increasing culture time.

TABLE 3
Diversity and richness of the 16S rRNA gene libraries from the sequencing analysis (average n=3)
Samples
Total reads
OTU
Ace
Chao
Simpson
Shannon
Jackknife
1-1d
31655
429
1404
1164
1.87
1.18
1245
1-4d
31345
417
1230
887
1.53
1.04
978
1-6d
29078
464
1302
927
2.43
1.4
1313
AOB
1-9d
30756
416
1266
925
1.45
1.06
1140
1-13d
30165
436
1209
923
2.53
1.49
1205
1-21d
28523
464
1646
1460
2.3
1.45
1897

NOB

1-1d
1-9d
1-13d
1-18d
1-21d
1-26d

Phylum
Proteobacteria




64492
57701
53202
46105
56479
62360

390
404
362
351
368
399

1307
1532
1002
1347
1183
1278

836
859
698
786
746
848

0.43
0.4
0.36
0.33
0.35
0.36

1.64
1.66
1.81
1.86
1.7
1.54

TABLE 4
Composition and proportion of AOB at different times
1d
4d
6d
9d
Class
Genus
(%)
(%)
(%)
(%)
Nitrosomonas 99.72 99.83 99.25 99.69
ȕNitrosospira
0.01
0.03
0.01
0.08
Proteobacteria
Others
0.27
0.14
0.74
0.23
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1176
1090
902
924
1027
1142

13d
(%)
99.10
0.21
0.69

21d
(%)
99.45
0.09
0.46
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FIGURE 4
Phylogenetic distribution of sequences assigned on the phylum
Phylum and genus level taxonomic
distribution. No subdivisions were observed at the
phylum and class levels of AOB, and Proteobacteria
was the main phylum present. Nitrosomonas and
Nitrosospira were found in sediment samples, and
Nitrosomonas was the dominant genus (>99%)
throughout the 21 days (Table4).The phylogenetic
classification of NOB 16S rRNA sequences from
sediment samples is shown in Figure 4 on the basis
of the phylum. Figure 4 shows that NOB sequences
related to Proteobacteria and Planctomycetes were
the most abundant, followed by sequences related to
Firmicutes, Cholroflexi, and Cynobacteria. The
abundance of Proteobacteria and Planctomycetes
changed with increasing culture time. The
abundance of Proteobacteria increased from
approximately 31.9% to 48.4%, whereas that of
Planctomycetes decreased from 65.9% to 49.0% as
the culture time increased from 1 d to 26 d.
The hierarchical heatmaps (Figure5) of AOB
and NOB were based on 4 and 16 communities at the
genus level, respectively. The most abundant AOB
community at the genus level was Nitrosomonas. In
Figure 5 (a), as culture time increased, the relative
abundance
of
Nitrosomonas
remained
approximately the same throughout the 21 days. The
relative abundance of Nitrosospira was different in 6
time periods, and Nitrosospira was most abundant
on the 13th day. The relative abundance of
Sulfuricella and Methylotenera was low and showed
little change throughout the whole period. Figure5b
showed that the most abundant NOBs at genus level
were Nitrobacter (9.4%), Rhodoplanes (17.7%),
Rhodoblastus (4.4%), and Bradyrhizobium (2.2%).
Nitrobacter and Rhodoplanes were most abundant
throughout the 26days, and the relative abundance of
Nitrobacter reached the highest value on the 18th day.
Moreover, NOB samples could be classified into two
groups. The first group included the samples from
days 1 to 9, and the group included the samples from
days 13 to 26.
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FIGURE 5
Heatmap analysis of AOB (a) and NOB (b)
community
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Redundancy disanalysis for AOB or NOB
communities and environmental factors.
Canoco4.5 for Windows was used with Monte Carlo
permutation test to perform RDA analysis on the
basis of population abundance and environment
factors. Figure 6a showed the results after using
sample-environment biplot. In Figure 6a, the first
axis explained 98.1% of the variance of species data
and 100% of the variance of species±environment
relation in AOB. A cumulative 99.8% of variance of
species and 100% of variance of species±
environment relationship were explained by the first
axis and second axis. The results of the Monte Carlo
permutation test indicated that pH (Day, F=6.25,
P=0.041) was significantly correlated with AOB
communities. The concentration of NH4-N showed a
small correlation with the environmental factors.

FIGURE 6
Redundancy analysis (RDA) biplot of the
distribution of AOB (a) and NOB (b)
communities with environmental variables in
sediments
Figure 6b showed the redundancy analysis of
NOB. The results indicated that the first axis
explained 81.9% variance of species data and 100%
variance of species-environment relation. A
cumulative 81.9% of variance of species and 99.6%
of variance of species±environment relationship
were explained by the first axis and second axis. The
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results of the Monte Carlo permutation test were
different from that of AOB. Culture time (Day,
F=6.16, P=0.042) and NH4-Nconcentration (F=7.17,
P=0.034) were significantly correlated with NOB
community structure. The concentrations of NH4-N
and NO2-N showed negative correlations with pH,
culture time, and NO3-N concentration.

DISCUSSION
As the culture time increased, the
concentrations of NH4-N, NO2-N and NO3-N
changed constantly. During the first six days, the
NO2-Nconcentrations showed an insignificant
increase because of the reactions of AOB, which was
the first step of nitrification (Eq. 1). Furthermore, the
richness indices of AOB dramatically increased on
the 6th day. This increase was mainly responsible for
the increase in NO2-N concentrations during the
initial tie period. NO2-N could be oxidized into NO3N by NOB; this process was the second step of
nitrification (Eq. 2). The diversity (ACE and Chao)
and richness (Shannon) indices of NOB showed the
highest values on the 9th and 18th days, respectively.
This result could explain why NO3-N concentrations
had increased rapidly on the 9th day and reached the
highest value on the 21st day.
1+ 2 ĺ12 + 2+ NFDOPRO(1)

12 2 ĺ12 NFDOPRO
(2)
A total of 16S rRNA sequences accurately
described the high diversity of the nitrifier
community with more than 30,000 total reads. No
subdivisions were observed in the phylum and class
levels of AOB and in the genus level, Proteobacteria
represented the most abundant phylum, including
subdivisions of Nitrosomonas and Nitrosospira in
sediment samples. The most abundant AOB genus
was Nitrosomonas, which was mainly responsible
for the increase in NO2-N. The most abundant NOB
phyla were Proteobacteria and Planctomycetes, and
a previous studyindicated that Proteobacteria were
also the most abundant phylum in the sediment of
Dianchi Lake[22, 32, 33]. Furthermore, the
abundance of Proteobacteria increased with
increasing culture time.This resultcould explain the
increase in NO3-N concentrations. Firmicutes,
Cholroflexi, and Cynobacteria, which are common
in lake sediments, showed relatively low
abundance[22].
Five genera of AOB, Nitrosomonas,
Nitrosocystis, Nitrosococcus, Nitrosospira, and
Nitrosogloea were mainly responsible for the first
step of nitrification. Nitrosomonas was the most
significant genus for nitrification among the genera.
Previous reports indicated that Nitrosospira prefers
high-salinity environments[15]. Therefore, in a
eutrophic lake with low salinity, AOB communities
were dominated by Nitrosomonas at the genus level,
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and the relative abundance showed little change in
the 21 days of culture. This finding could explain
why NH4-N concentrations decreased from the 4th
day to the 26th day. In the second step of nitrification,
three main genera, namely, Nitrospina, Nitrococcus,
and Nitrobacter, were the predominant NOB that
conducted nitrification. In the present study, NOB
community was dominated by Nitrobacter,
Rhodoplanes, Rhodoblastus, and Bradyrhizobium
during nitrogen release in the sediment. Nitrobacter
played a pivotal role in the increase of NO3-N
concentrations. From the 9th day, the relative
abundance of Nitrobacter began to increase, and the
NO3-Nconcentrations increased rapidly on the 9th
day. On the 18th day, the relative abundance of
Nitrobacter reached the highest value such that the
concentration of NO3-N reached its peak on the 21th
day.
Rhodoplanes,
Rhodoblastus,
and
Bradyrhizobium, which are common in sediment or
soil [34-37], were also found in sediment but did not
affect nitrogen concentration.
Sequencing analysis showed that culture time
and NH4-N concentration were the key
environmental parameters affecting the AOB
community. The NH4-N concentration showed the
greatest influence on AOB and NOB communities,
particularly at the initial time period (days 1 to 9).
Furthermore, the community structure of
Nitrosomonas and Nitrobacter changed significantly.
This result could explain the rapid increase in NH4N concentrations during the first 4 days and the slight
increase in NO3-N concentrations during the first 9
days. Therefore, the NH4-N concentration was the
strongest predictor of differences in AOB and NOB
communities among sediments [20, 38].The
previous study indicated that pH affected the
composition of the microbial communities in
different sediments [38, 39]. In the present study, pH
showed a negative correlation with the main genera
comprising (Nitrosomonas and Nitrobacter) AOB
and NOB. Furthermore, the AOB community
obtained on the 6th day was influenced by the NO2Nconcentration.This result could explain the reason
why the NO2-N concentration in overlying water was
the highest on the 6th day. Furthermore, the culture
time andNH4-N concentration significantly affected
AOB and NOB communities from the sediment
samples during the later period (13 d to 26 d).This
result could explain whyNO3-N concentrations
reached equilibrium after 18 days.

CONCLUSION
In eutrophic plateau lake, the nitrification of
AOB and NOB in the sediment±water interface was
one of the most significant factors responsible for
high NO3-N concentration in overlying water.
Throughout the whole culture period, the most
abundant genus obtained by the sequences affiliated



 1742

Fresenius Environmental Bulletin

with AOB was Nitrosomonas in sediments.
Nitrosomonas was the key factor that causes the low
concentration of NH4-N in the study area and
represented the potential factor that results in
increased NO3-N concentrations. Furthermore, the
most abundant phyla affiliated with NOB were
Proteobacteria and Planctomycetes. The community
composition of Nitrobacter with high abundance
changed with increasing culture time. The highest
abundance of Nitrobacter was observed on the 18th
day, which is the main reason for the high NO3-N
concentrations during the later stages. Nitrobacter
was mainly responsible for the high NO3-N
concentrations in the study area. Varying pH resulted
in differences in AOB and NOB community
structure. Culture time and NH4-N concentration
were also the main factors affecting NOB
community structure in the later stages.
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EARTHQUAKE VULNERABILITY COMBINING REMOTE
SENSING AND GEOGRAPHICAL INFORMATION SYSTEMS
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a depth of about 10 km according to such institutions
as the National Earthquake Monitoring Center of
Bogazici University, the Kandilli Observatory and
Earthquake Research Institute (KOERI), the
Earthquake Engineering Research Center of the
Middle East Technical University, and the
Earthquake Engineering and Disaster Management
Institute of Istanbul Technical University. The
earthquake released its energy by the pushmovement on the east-west trending fault line of
about 50 to 100 km in length just to the east of Lake
Van.
The KOERI indicated that although the
epicenter is located at the North Anatolian fault zone,
the fault suggests that the earthquake event belongs
to the Bitlis-Zagros fault zone, where thrust
mechanisms dominate along the border between the
Anatolian and the Arabian tectonic plates. Both Van
and Ercis are located along the shores of Lake Van
where the existing soil liquefaction enhanced ground
motions, thus causing collapses of buildings.
Continuous sequences of aftershocks as of 23
October 2011 many of which were greater than Mw
4.0 shook the area severely and forced people to
abandon their homes. Impacts of this earthquake
hazard included losses of human lives, properties,
and economic livelihood, migration as refugees,
collapses of infrastructures and buildings, lack of
shelter, food, medical care, clothing, and provision
of public services such as utilities, communication
systems, transportation, and schools.
The Lake Van region is under the first degree
earthquake zone according to the earthquake and
fault maps of Turkey. Earlier studies about historical
background of earthquakes, seismicity, geological
structures, fault zones, and soil and rock conditions
of the Lake Van basin in the eastern Turkey reported
that a great number of earthquakes with Mw of 4.0 to
7.3 occurred in the Lake Van basin for decades [3±
9]. In spite of these reports, the Lake Van basin and
its surroundings have been claimed not to be
analyzed adequately in terms of earthquake
vulnerability, pre-earthquake emergency preparedness, and pre-earthquake measures so far.
Characterization of vulnerabilities is of vital

ABSTRACT
The Lake Van basin and its surroundings
(36,500 km2) in the eastern Turkey have not been
investigated adequately in terms of earthquake
vulnerability, and pre-earthquake preparedness. In
this study, a digital terrain model (DTM) of the Lake
Van region was developed combining an ASTER
digital elevation model (DEM), Landsat-7 ETM+
imagery, remote sensing techniques, and
geographical
information
systems.
Terrain
characteristics derived from DTM with DEM, and a
3-D land-use and land-cover fly-through view such
as fault zones, drainage patterns, lineaments, and
landforms were interpreted in terms of earthquake
vulnerability. Our results indicate that the directions
of Mus-Tatvan (Mus thrust), Bitlis thrust, and ErcisPatnos-Malazgirt-Varto-Karliova along with Van
and Ercis possess the highest risk of earthquake
hazards.

KEYWORDS:
Earthquake
vulnerability;
Geomorphological
characterization; Digital terrain interpretation; Digital
terrain model

INTRODUCTION
A total of 151 natural disasters such as
earthquakes, epidemics, extreme heat waves, flood,
slides, storms, and wild fires occurred in Turkey
from 1900 to 2011 and caused the loss of 91,431
human lives, and the economic damage of 25 billion
USD, adversely affecting 8,902,008 people [1]. Out
of the 151 natural disasters, earthquake alone was the
most frequent natural disaster (73 events) and was
responsible for 97%, 92%, and 77% of the total
human losses, and total economic and social
damages, respectively [1]. Korkmaz (2009) reported
that 90% of the buildings across Turkey are subject
to the risk of earthquake disaster [2]. The earthquake
event between Van and Ercis occurred on 23 October
2011 and was of the moment magnitude (Mw) 7.2 at
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The lake has no outlet since active lava flows
from Nemrut volcano that took place during
Pleistocene block its westward outflow towards the
Mus plain, the dormant Mount Nemrut closes
western coastlines of the lake, and another dormant
volcano Mount Suphan blocks its northern side. The
water level in the lake fluctuates dramatically
causing severe inundation of coastal vegetation,
agricultural lands, and settlements. The study region
includes Murat river and Karasu creek along with
their river flood plains and three other lakes (Lakes
Ercek and Nazik) to the east and west of Lake Van,
respectively, and a crater lake on the top of the
Mount Nemrut [3,8]. The study region has such main
faults as Bitlis-Zagros fault zone (Bitlis thrust), Mus
thrust, Karliova-Varto-Malazgirt, Karayazi-TutakErcis, Tutak-Caldiran, Gevas, Suphan, Ahlat, Ozalp,
Bahcesaray, Gurpinar, and Edremit faults.

importance as the first step towards disaster-resilient
societies [10]. Therefore, the objective of this study
was to characterize earthquake vulnerability of the
Lake Van region combining geographical information systems (GIS) and remote sensing (RS)
techniques. In so doing, a digital terrain model
(DTM) with a 3-D fly-through view of landscape
topography and terrain characteristics such as
drainage patterns, geological lineaments, digital
elevation model (DEM), and land-use and landcover (LULC) types was devised using the
Advanced
Space-borne
Thermal
Emission
Reflection (ASTER) and Landsat-7 Enhanced
Thematic Mapper Plus (ETM+) imageries in order to
assist in the process of decision-making towards preearthquake preparedness and measures.

MATERIALS AND METHODS
Processing of ASTER Digital Elevation
Model (DEM). According to Wilson and Gallant
[12], and El Sheimy et al. [13], the methodological
flow chart for the digital terrain characterization of
the Lake Van region in terms of earthquake
vulnerability is depicted in Fig. 2. ASTER sensor
captures a comprehensive spectral spectrum ranging
from visible to thermal-infrared and offer detailed
spatiotemporal information on the earth surface
conditions (e.g. vegetation, and geological features).
ASTER DEM data were obtained from the
Consortium for Spatial Information in the Geotiff
format as 32 bit and were classified for the study
region using both ArcGIS 10.2 [14] and Idrisi Taiga
16.03 [15]. The ASTER DEM data have the spatial
resolution of 30 m with horizontal and vertical
accuracies of 15 m and 8 m, respectively. The
ASTER DEM data were used to classify DEM

Study region description. The Lake Van basin
and its surroundings as our study region (36,500
km2) are located in the eastern Turkey, surrounded
by the provinces of Van in east, Bitlis in west, and
Agri in north and possess a geological structure with
erosion-induced tectonic plateaus, volcanic
formations, caldera complexes, and fertile
agricultural soils along the river flood plains (Fig. 1).
The study region has continental climate with a mean
annual precipitation of 350 mm (ranging from 400 to
700 mm) and mean temperature of -10oC in January
and 23oC in July [11]. Lake Van (3713 km2) is the
largest lake of Turkey and located at an altitude of
1646 m above sea level. Lake Van, being a deep lake,
does not freeze in winter due to its high salinity,
except for its shallow northern section.

FIGURE 1
General information and location of the Lake Van region.
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and to extract stream drainage patterns and
lineaments of the study region. Before classification,
using the Projection tool in ArcGIS 10.2, the DEM
data were transformed from World Reference
System geographic co-RUGLQDWHV ȜĳGHJUHHV LQWR
the UTM projection system co-ordinates (in meters)
with zone number 38N and the ED50 ellipsoid
datum. The relevant DEM data were extracted
according to the boundary frame of the Lake Van
region using the Mask operation of the Extract tool
in ArcGIS 10.2. The extracted DEM data were also
imported to Idrisi Taiga for terrain classification and
interpretation.
Landforms such as plains, plateaus, and
mountains in the study region were demarcated

using the ASTER DEM, and the GIS Analysis tools
in Idrisi Taiga (Fig. 3 and Table 1). All the raster
cells with the elevations from 500 to 1300 m were
designated as low plains such as river flood plains
after the interactive analysis of the DEM by the tool
of Display Min/Max Contrast Setting in Idrisi Taiga.
Elevations and abrupt changes in slopes and aspects
were considered during the DEM classification.
Elevations from 1300 to 1650 m were designated as
plains; elevations from 1650 to 2200 m as plateaus;
elevations from 2200 to 2500 m as mountains; and
elevations from 2500 to 5150 m as high mountains
(Figs. 3 and 4).

FIGURE 2
A flow chart of assessing vulnerability to earthquake hazard of the Lake Van region.
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FIGURE 3
Quantification of geological landform structures of the Lake Van region.

FIGURE 4
Digital terrain model of the Lake Van region showing lineaments as an indicator of faults and/or
fractures, and stream drainage patterns.
TABLE 1
ASTER DEM-derived classification of the Lake Van region (grid size resolution = 30 m; horizontal
accuracy = 15 m; and vertical accuracy = 8 m; elevation of Lake Van is 1646 m; and Mount Agri has the
peak elevation of 5143 m).
DEM
classification
Low plain

Elevation
(m)
500±1300

Area
(km2)
1300

Percent
of total
3.6

Dominant land cover types
(in decreasing order of magnitude)
Agriculture/settlement/forest/water body

Plain
Plateau
Mountain

1300±1650
1650±2200
2200±2500

8650
16500
6150

23.7
45.2
16.8

Agriculture/settlement/water body/forest
Agriculture/settlement/bare rocks
Bare rocks

High mountain

2500±5143

3900

10.7

Bare rocks

36500

100

Total area
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30 m using the reference system of the ED50
ellipsoid datum and Universal Transverse Mercator
(UTM) projection with zone number 38N. The
boundary frame of the Lake Van region was
extracted using the Mask operation of the Extract
tool in ArcGIS, and imported to Idrisi for DEM
classification, and the extraction and analyses of
stream drainages and lineaments. Transformation for
co-registration was carried out employing the
Projection Tool in ArcGIS. The auxiliary GIS layers
and the digital topographic maps at the scale of
1:100,000 were also used for geo-information and
geo-referencing. In the process of decision-making
about earthquake vulnerability of the study region,
proximity to intersections of active fault-lines,
distances to active fault-lines, historical earthquake
backgrounds, structures of ground surface such as
soft alluvial soils, liquefaction, rigid mountains, and
volcanic and tectonic activities were considered in
terrain characterization.

Processing of Landsat-7 ETM+ multispectral imagery. A Landsat-7 ETM+ multispectral imagery geometrically and radiometrically
rectified was obtained for July 2000 with path 171
and row 033 in World Reference System from the
Global Land Cover Facility (GLCF), Earth Science
Data Interface (ESDI). The Landsat-7 ETM+
imagery was used for the determination of LULC
types of the study region. The Landsat-7 ETM+
provides a multi-spectral image data from eight
spectral bands that have the spatial resolution of 30
m for the visible and near-infrared (bands 1-5 and 7)
with the 15 m horizontal accuracy, of 15 m for the
panchromatic (band 8) and of 60 m for the thermal
infrared (band 6).
In this study, a false color infrared composite
image (RGB 741) was first constructed from the
Landsat-7 ETM+ imagery to visualize LULC types
(Fig. 5). Near-infrared (NIR) band (band 4: 0.78±
 ȝP  RI WKH /DQGVDW-7 ETM+ was used to
distinguish among water body, forest, settlement,
agricultural land, and bare rock. A false color
infrared composite image (RGB 741) was previously
reported to be useful in distinguishing LULC types
[16±18]. Using the Composite Tool in Idrisi, the
infrared false color composite image was generated
assigning band 7 to the Red (R) channel, band 4 to
the Green (G) channel, and band 1 to the Blue (B)
channel. Similarly, a standard infrared false color
composite image (RGB 432), and a true color
composite image (RGB 321) were generated to help
to distinguish LULC types. The resultant composite
images and the DEM classification were overlaid
using Idrisi Taiga to qualitatively and quantitatively
characterize and interpret earthquake vulnerability
(Figs. 5 and 6).

Digital terrain interpretation of stream
drainage patterns and lineaments. To interpret
DEM and landforms, the certain criteria were
employed to obtain geo-information about the
geological landforms in related literature [20±24].
For instance, color and color tones (attributes of
height values) were used for DEM interpretation;
topography and geomorphology (3D fly-through
view and shaded DEM) for landform interpretation;
and stream drainage patterns and lineaments for geostructure derivation, in particular, lineaments, breaklines and fractures as an indicator of fault lines. In
this study, ASTER DEM was used for the extraction
of both drainage patterns and main lineaments which
was in turn inputted to the analysis of geo-structures.
Shaded DEM, and DTM were used to extract
geo-information (Fig. 4). This was particularly
useful for extracting lineaments as well as analyzing
the terrain. Jordan [25], and Jordan and Schott [26]
explained how to extract lineaments from DEM. In
their studies, the main lineaments were obtained by
on-screen digitization from slope, aspect, shaded
DEM, DEM segmentation, contours, curvatures,
directional derivatives, and stream drainage patterns.
Once all the digitized lineaments were combined,
overlaid and analyzed, the meaningful lineaments
were illustrated in Fig. 4. In so doing, settlement
locations obtained from the standard topographical
map at the scale of 1:100,000, stream drainage
patterns, and lineaments were overlaid on the shaded
ASTER DEM of the study region in ArcGIS. The
terrain was visually interpreted with respect to
geological structures, stream drainage patterns, and
lineaments [18,23,24].

Auxiliary digital maps and GIS data layers.
Digital standard topographic maps of the study
region at the scale of 1:100,000 were obtained from
the Turkish General Command of Mapping. These
digital maps include such auxiliary GIS data layers
of the study region as settlements, settlement centers,
housing, rivers, lakes, roads, and boundaries. These
GIS layers as quadrangles were generated from the
base maps of the standard topographic quadrangles
at the scale of 1:100,000. Digital information about
active fault lines was obtained from the General
Directorate of Mineral Research and Exploration
[19]. All these maps and GIS layers were used for
geo-information, geo-referencing, overlaying, and
comparing to the other resultant maps from the
ASTER DEM and the Lansat-7 ETM+ imagery.
Digital
terrain
characterization
for
earthquake vulnerability. As was shown in Fig. 2
in the pre-processing stage, the ASTER DEM and
the Landsat-7 ETM+ multi-spectral image data were
co-registered in GeoTIFF format with a grid size of
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FIGURE 5
Land-use and land-cover (LULC) model of the Lake Van region.
draping LULC image and the false color infrared
composite image (RGB 741) (Fig. 6) onto the
original DEM data by using the fly-through tool in
Idrisi Taiga. The 3-D LULC view generated (Fig. 6)
is a dynamic model that allows for an interactive
visualization of terrain characteristics with different
vertical and horizontal scales and varying
perspective views.

RESULTS AND DISCUSSION
DEM classification provides information about
slopes, aspects, elevations, drainage patterns,
potential fault-lines, break-lines, volcanoes, and
tectonic structures for a given study area.
Lineaments as an indicator of fault-lines, horsts,
grabens, and/or fractures were extracted from
mountain borders, rises and depressions in terrain,
ridges and valleys, break-lines, abrupt changes in
slopes, scarps, and cliffs in DTM. DTM is useful for
the determination of landforms such as agricultural
soils, river flood plains, and rigid mountains and
their suitability for settlements. The present study
combines GIS and remote sensing techniques and
interprets all the geographical data of different types,
structures, formats, resolutions, accuracies and
scales (spatial data of vectors and raster, and nonspatial data of textual attributes) in order to assist in
the process of decision-making towards assessing
earthquake vulnerability level of the Lake Van
region and mitigating adverse impacts of potential
earthquake damages.
Earlier studies focused on earthquake hazards
only through the interpretation of DEM, topography,
geological landforms, and faults overlaid with the
spatial distributions of settlements. However, the
novelty of the present study resides in the combined
use of digital terrain characterization and
interpretation of the study region for earthquake
vulnerability by considering

TABLE 2
Accuracy results for land-use and land-cover
(LULC) model of the Lake Van region based on
Landsat-7 ETM+ (July 2000) (grid size
resolution = 30 m; horizontal accuracy = 15 m;
3$ 3URGXFHU¶VDFFXUDF\DQG8$ 8VHU¶V
accuracy).
LULC
classification

PA
(%)

UA
(%)

Ka
ppa

Agriculture

85

85

85

16500

45.2

Forest

95

95

95

6000

16.4

Settlement

85

85

85

500

1.4

Water body
(lake/river)
Bare rocks

98

98

98

3500

9.6

85

85

85

10000

27.4

36500

100.0

Total area
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(km2)

Percent
of total
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a)

b)
FIGURE 6
A three-dimensional (3-D) (a) land-use and land-cover (LULC) fly-through view and
(b) DEM of the Lake Van region.
geo-tectonic activities in the Lake Van region (Table
3). The earthquake vulnerability levels were based
on the historical records of previous earthquakes
provided by KOERI, distances between previous
earthquake locations and the earthquake magnitudes,
distances of the settlements to the main active fault
lines and their intersections, and ground surface
and/or earth crust factors such as rigid rocky areas,
and alluvial soils prone to liquefaction (Table 3).
This study reveals that all the coastal settlements
around Lake Van are most vulnerable to earthquakes
because of presence of soft soils in coastal plains,
volcanic structures (Mt Nemrut, Mt Suphan, and Mt
Esruk), active tectonic rigid structures, and active
fault lines as the extension of the north Anatolian
fault zone around the Lake Van. In addition,
settlements over the Bitlis massive to the south of
Lake Van where the Anatolian and the Arabian
tectonic plates meet, and around Lake Ercek to the
east of Lake Van show the highest vulnerability to
potential earthquake damages.

landforms, break-lines, stream drainage patterns,
lineaments, and LULC types. DEM classification of
the study region (36,500 km2) consisted of low plains
(3.6%), plains (23.7%), plateaus (45.2%), mountains
(16.8%), and high mountains (10.7%) (Fig. 3) (Table
1). Our DTM (Figs. 3 to 6) indicates that the study
region is composed mainly of plateaus (50 % of the
study area), with different elevations and shapes over
Tertiary sedimentary rocks and has volcanic massive
to the west of Lake Van. The caldera complexes of
Mounts Nemrut (2935 m), Suphan (4051 m), Esruk
(2943 m), Tendurek (3298 m), Agri (5143 m) and
Bilican (2950 m) are located around tectonically
formed Lake Van.
Our LULC model classified the study region
mainly under the five classes fairly well according to
SURGXFHU¶V DQG XVHU¶V DFFXUDFLHV 7DEOH   The
DTM with the 3D fly-through dynamic view and the
DEM classification allow for interpretation of
earthquake vulnerability level by overlapping the
settlements, active fault lines, earthquake locations
with Mw VLQFH1900, volcanic landforms, and
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TABLE 3
Vulnerability level assessment of the Lake Van region based on this study and
the earthquake map of Turkey [2, 27±30].

472,000

Earthquake
vulnerability
level
High

Fault lines/zones
determined by
remote sensing and GIS
Van-Ozalp-Saray
(Van fault)

Ercis

174,000

High

Ercis-Patnos-Tutak
(Ercis fault)

Ipekyolu (Van Center)

285,000

High

Van-Ozalp-Saray
(Van fault)

Tusba (Van Center)

150,000

High

Van-Ozalp-Saray
(Van fault)

Edremit
Ozalp

119,000
70,000

Medium
High

Saray

22,000

Low

Muradiye

51,000

High

Caldiran

66,000

High

Gevas

29,000

Medium

Bitlis thrust
Van-Ozalp-Saray
(Van fault)
Van-Ozalp-Saray
(Van fault)
Muradiye-Caldiran-Dogubeyazit
(Caldiran fault)
Muradiye-Caldiran-Dogubeyazit
(Caldiran fault)
Bitlis thrust

Çatak

22,000

High

Bitlis thrust

Bahcesaray
Baskale
*XUSÕQDU

16,000
56,000
37,000

Medium
Medium
Medium

Bitlis thrust
Bitlis thrust
Bitlis thrust

67,000

Medium

Bitlis thrust

Tatvan

89,000

Medium

Bitlis thrust

Mutki
Hizan

32,000
36,000

High
High

Bitlis thrust
Bitlis thrust

Guroymak

46,000

Medium

Adilcevaz

31,000

Medium

Ahlat

39,000

Medium

Mus thrust
(Mus-Bitlis Massive)
Guroymak-Ahlat-Adilcevaz
(Nemrut and Suphan faults)
Guroymak-Ahlat-Adilcevaz
(Nemrut and Suphan faults)
Bitlis thrust

Main
settlements

Population
(2016)

Van

Bitlis

156,000

High

Baykan

27,000
189,000

High
High

Bitlis thrust
Mus thrust
(Mus-Bitlis Massive)

Haskoy

27,000

High

Korkut
Varto

26,000
31,000

High
High

Mus thrust
(Mus-Bitlis Massive)
Mus thrust
Varto-Bulanik-Malazgirt
(Malazgirt fault)

Bulanik

82,000

High

Malazgirt

54,000

High

149,000

High

Tutak

32,000

High

Patnos

125,000

High

Dogubeyazit

122,000

High

Hamur

20,000

High

Siirt

Mus

Agri




Varto-Bulanik-Malazgirt
(Malazgirt fault)
Varto-Bulanik-Malazgirt
(Malazgirt fault)
Agri-Dogubeyazit
(Dogubeyazit fault)
Ercis-Tutak-Karayazi
(Tutak fault)
Ercis-Tutak-Karayazi
(Tutak fault)
Agri-Dogubeyazit
(Dogubeyazit fault)
Agri-Dogubeyazit
(Dogubeyazit fault)

1752

Most severe
earthquakes
(Mw > 4) and years
4.7 (1968)
5.0 (1970)
7.2 (2011)
6.0 (1964)
5.0 (1976)
7.2 (2011)
4.7 (1968)
5.0 (1976)
7.2 (2011)
4.7 (1968)
5.0 (1970)
7.2 (2011)
4.9 (1962)
6.0 (1972)
4.6 (1952)
7.0 (1976)
7.3 (1976)
4.7 (1977)
4.6 (1966)
4.3 (1974)
5.8 (1945)
4.9 (1961)
4.3 (1947)
4.8 (1951)
4.9 (1972)
4.9 (1963)
4.5 (1964)
4.5 (1966)
4.6 (1941)
4.5 (1945)
4.5 (1960)
5.8 (1960)
4.3 (1963)
5.0 (1966)
4.6 (1959)
4.3 (1957)
5.2 (1947)
5.5 (1960)
4.9 (1964)
5.3 (1953)
5.3 (1966)
4.3 (1968)
5.8 (1950)
6.1 (1966)
5.2 (1969)
6.0 (1936)
5.2 (1907)
5.8 (1941)
4.5 (1967)
5.2 (1941)
5.5 (1952)
4.6 (1964)
5.0 (1946)
5.0 (1962)
5.6 (1936)
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Local processes of transformation and
translocation of rural environment to growing urban
agglomerations have occurred globally at
unprecedented rates, and thus, call for mapping,
monitoring and assessing earthquake prone regions
and their seismic vulnerability levels, as with the
present study. For example, Geiß et al. [31] based
their spatiotemporal estimates of seismic
vulnerability levels of urban structures in the
earthquake-prone mega city of Istanbul on
multispectral RapidEye and Landsat archive
datasets, and elevation data from the TanDEM-X
mission. Similar techniques were also used
successfully in related literature [32±34].

As a result of the interpretation of the color
composite images, the study region appears to have
limited patches of forests and agriculture except for
the districts of Karasu creek and Murat river flood
plains in Mus. The study region is mostly covered
with pastures and grasslands which in turn led to the
development of livestock and husbandry. Some
scattered forest areas exist on the mountains of Mus
and Bitlis. All the volcanos and most of the high
mountains have bare rocks except for Bitlis massive
covered with forest (Fig. 5). The interpretation of
Figs. 5 and 6 along with field works shows that the
agricultural plains and plateau plains are dominantly
used for growing grains, and to a small extent, for
orchards, especially along the Murat river and
Karasu creek flood plains.
The settlements in the low flood plains of Mus,
Malzagirt, and Korkut have the highest flooding risk
due to Murat river, and Karasu creek. The Mus plain
has connectivity with the drainage systems of Murat
and Euphrates (Firat) rivers (Figs. 3 to 6). Lineament
analysis may be used to assess earthquake risk levels
by determining fractures with vertical or horizontal
shifts in the rocks on either side of the fault. The
lineaments determined in the study region are of
different dimensions, orientations, distributions, and
relationships among themselves (Fig. 4). Our
lineament analysis revealed that the Mus and
southeastern Anatolian thrusts between the
Anatolian and Arabian plates along the Ercis-VanGevas-Tatvan-Mus direction, and the eastern
extension of the north Anatolian fault zone along the
Ercis-Patnos-Malazgirt-Varto-Karliova
direction
have low plains with sedimentary alluvium soils, and
thus, have the highest level of earthquake risk.
Though outside of the study region, Karliova is also
an important junction where the north and east
Anatolian fault zones intersect.
The eastern parts of Lake Van as a water
accumulation area appear not to be safe for
settlements due to their soft ground. Not only should
the approach for DTM in the present study be
integrated with the processes of public policy- and
decision-making and land-use planning across
Turkey, but also precautionary measures should be
taken to orient the sprawl and development of
settlements away from the earthquake risk areas
determined in the study region. In order for major
earthquake disasters such as the most recent event
not to be re-experienced somewhere else in a similar
way, DTM-assisted land-use planning regarding the
selection of alternative settlement areas that could
withstand future earthquakes comes to the forefront
for a pre-earthquake disaster prevention prior to
ensuring the abilities to construct buildings to
current standards of seismic resistance to avoid
structural failure and to take emergency
preparedness measures to minimize pain and loss of
life.




CONCLUSIONS
In conclusion, a simple methodology for DTM
was devised to visualize geo-information and to
quantify terrain characteristics to assist in the
process of decision-making for the protection of the
study region against potential earthquake hazards.
DTMs can be extended to the characterization and
interpretation of a wide range of other natural
hazards such as flooding, fires, landslides, storms,
and volcanic eruptions. Whether land suitability
assessment is involved in the selection of appropriate
residential, commercial, industrial, disposal or
energy facility sites, DTMs play an important role in
the formulation of sustainable public policies.
Analyses of DTM accuracy and precision depend on
the spatiotemporal and radiometric resolutions of the
satellite- or radar-derived DEM and imageries,
uncertainty and sensitivity analyses, processing
errors with geo-referencing, transformation of map
projection, digital terrain analyses, quality control
and quality assurance of both in situ and remote
sensing measurements, and the integration of remote
and proximal sensors and field campaigns. In
addition to multispectral sensors, the other active and
passive remote sensing tools such as Light Detection
and Ranging (LiDAR) and hyperspectral sensors
remain to be explored for spatiotemporal mapping
and monitoring of vulnerability level and
vulnerability mitigation (e.g. security, and
emergency preparedness) of not only urban but also
rural seismic areas in the face of urbanization
processes.
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POPULATION GENETIC STRUCTURE OF ENDEMIC
VERBASCUM ALYSSIFOLIUM IN ERZINCAN REGION OF
TURKEY
Muhip Hilooglu*, Emel Sozen
Department of Biology, Faculty of Science, Anadolu University, 26470, Eskisehir, Turkey

Erzincan (Turkey) region. According to the IUCN
criteria, this species was evaluated as DD (Data
deficient) in Turkish Plants Red Data Book [9]. The
species was first collected from Ilic (Hasanova
village and Kurucay)/Erzincan district in 1899 by
Sintenis. At present, only three populations of
different localities exist in Erzincan.
Habitat of V. alyssifolium is under various
pressures due to intensive human activities and at
high risk of threats [10]. Long-term persistence of a
species is dependent on the maintenance of sufficient
genetic variation within and among populations.
Estimation of genetic variation levels in endemic
species is crucial to develop reliable conservation
strategies. DNA markers (RAPD, SSR, AFLP,
ISSR) have been widely used for estimating genetic
variation at interspecific and intraspecific levels and
establishing the individual differences among
populations. Among these, inter simple sequence
repeats (ISSRs), which show dominant inheritance,
use SSR repeat-anchored primers and therefore
enable higher-stringency amplifications [11]. ISSR
PCR is a simple and inexpensive technique and has
been used in various fields of plant research
including genetic diversity studies [12, 13, 14, 15,
16, 17, 18].
Until to date, only morphological features and
habitat characteristics of V. alyssifolium were
studied [10], there is no molecular study was conducted. Therefore, the aims of the present study
were: (i) asses the levels of genetic structure and
diversity within and among the three populations of
V. alyssifolium, (ii) assess gene flow and genetic
differentiation between populations, and (iii) to
determine whether the spatial correlation pattern
among populations. The results could provide basic
information to establish effective conservation strategies for rare and endemic plant V. alyssifolium.

ABSTRACT
Verbascum alyssifolium is endemic species
having considerable narrow distribution in Erzincan
(Turkey) Region. Genetic diversity in three natural
populations of V. alyssifolium was investigated by
ISSR markers. Twenty primers amplified a total of
390 bright and discernible bands of 200±3000 bp, of
which 389 bands (PPB = 99.74%) were polymorphic
in 3 populations. The genetic diversity was high at
the populations level; the effective number of alleles
(Ne) was 1.4107, and the difference value between
observed number of alleles (Na) was 1.9974 and the
1HL¶V JHQHWLF GLYHUVLW\ H) was 0.2651, and the
6KDQQRQ¶V LQIRUPDWLRQ LQGH[ I) was 0.4206 and a
high level of gene flow (Nm = 4.7793) were
observed. Analysis of molecular variance showed
that 12% of the total genetic diversity resided among
populations, while 88% within the populations, in
line with low the gene differentiation coefficient
(GST = 0.0947). The low genetic differentiation
among populations implies that the conservation
efforts should aim to preserve all the extant
populations of this endangered species.

KEYWORDS:
Genetic diversity,
alyssifolium

ISSR,

Endemic,

Verbascum

INTRODUCTION
The Mediterranean Basin, with c. 25.000 plant
species [1] FRQVWLWXWHV RQH RI WKH ZRUOG¶V PDMRU
biodiversity hotspots [2, 3]. As part of Mediterranean Basin, Turkey has been recognised as an
important plant biodiversity center. In Turkey,
12000 vascular plant species occur naturally, around
3022 (33%) of which are endemic [4, 5]. About 70%
RI 7XUNH\¶V HQGHPLF SODQW WD[D DUH WKUHDWHQHG RU
near threatened with extinction, and at least three are
already extinct [6, 7]. Verbascum L. (Scrophulariaceae) is a one of the largest genera in Turkey, with
238 species and a high endemism level (80 %) [8].
Verbascum alyssifolium Boiss is a rare and endemic
plant species that shows narrow distribution around

MATERIALS AND METHODS
Plant materials. Whole plant samples for each
populations of V. alyssifolium were collected at
different locations from Erzincan, Turkey (Figure 1,
Table 1) between June and July 2014. The distance
between sampled plants was at least 10 m. The
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GAG(CAA)5,
(CAG)5,
VHV(GT)7G,
(GA)8YC, (AG)8G, (GA)8T, (AC)8YT, (AG)8T,
(AG)8C, (AC)8C, (AC)8G, DD(CGA)5, (AG)8YT,
(GA)8C, (GGGTG)3, (TC)8C, (TC)8G, (CA)8RC,
(AGT)6, (CCG)6.
The cycle programme included an initial
denaturation step at 94°C for 4 min, followed by 45
cycles of 94°C for 45 sec, 50-64°C for 45 sec, 72°C
for 90 sec, and a final elongation at 72°C for 7 min.
PCR products were run on 1.4% agarose gel conWDLQLQJ HWKLGLXP EURPLGH  ȝJP/  DW 9 DQG
photographed with the UVIpro Gel Documentation
System (UVItec, Cambridge, UK). A 100 bp plus
DNA ladder (Fermentas) was used as size marker. A
negative control with no DNA template was also
included in each PCR amplification in order to verify
the absence of contamination.

identification of species was performed based on the
Flora of Turkey and East Aegean Islands [19]. A
total of 59 plants were sampled from three
populations for DNA extraction. The fresh leaves
were placed in plastic bags containing silica gel and
preserved separately at -20°C until DNA isolation.
DNA extraction. Total genomic DNA was
isolated from fresh leaf using the modified cetyl
trimethyl ammonium bromide (CTAB) method [20].
DNA quantifications were performed by Nanodrop® ND-1000 spectrophotometer (Wilmington,
DE, USA) at 260 and 280 nm and the purity was then
determined by calculating the ratio of absorbance at
260 nm to that of 280 nm (OD260/OD280). DNA
concentration and purity were also determined by
electrophoresis on 0.8% agarose gel.
For PCR amplification, the final concentration
RI HDFK '1$ VDPSOH ZDV GLOXWHG WR  QJȝ/ ZLWK
sterilized double distilled water and stored at 4 °C.

Data analysis. The amplification products
were scored in terms of a binary code as present (1)
or absent (0) in each individual. Since ISSR markers
are dominant, each band represents the phenotype at
a single biallellic locus [21]. Faintly stained bands
were not considered in the data. Genetic parameters
including the percentage of polymorphic bands
(PPB), number of polymorphic fragments, number
of loci scored and Nei's genetic distance between
individuals were calculated using POPGENE v1.32
[22]. The matrix of distance coefficients calculated
by POPGENE was converted to MEGA4 v.4.1
software [23] and results were expressed as dendrogram. PCoA analysis was performed using
GenAlEx 6.5 [24], this program was also used to
determine population-specific bands.

ISSR-PCR. PCR amplifications were
SHUIRUPHGLQDȝ/UHDFWLRQPL[WXUHFRQWDLQLQJ
ng of template DNA, 1X Taq polymerase buffer, 1
U of Taq polymerase (Fermentas, Glen Burnie, MD,
86$   P0 0J&O  ȝ0 G173 DQG  P0
primer using ABI gradient thermocycler (Applied
Biosystems, CA, USA). To select suitable primers,
initially 45 ISSR primers from the Biotechnology
Laboratory, University of British Columbia, Canada
(UBC set no. 9) were screened and 20 of the primers
that produced clear and reproducible fragments were
chosen for further analysis:

FIGURE 1
Geographic distribution of three populations of V. alyssifolium in Turkey.
TABLE 1
Sampling details of V. alyssifolium populations from Erzincan region.
Population locality
øOLoHasanova village
øOLo-.HPDK<DKúLOHUYLOODJH
Yücebelen, Sohmarik highlands

Population code
Pop 1
Pop 2
Pop 3

Sample size
18
22
19

1757

Altitude (m)
1015 m
1343 m
1500 m

Longitude (E)/Latitude (N)
37 455056 E, 4377984 N,
37 484474 E, 1380984 N,
37 492795 E, 4373091 N,
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TABLE 2
ISSR primers used in this study
3U൴PHU
*$* &$$ 
&$* 
9+9 *7 *
*$ <&
$* *
*$ 7
$& <7
$* 7
$* &
$& &
$& *
'' &*$ 
$* <7
*$ &
***7* 
7& &
7& *
&$ 5&
$*7 
&&* 

7P 2&





















6HTXHQFH ¶¶
*$*&$$&$$&$$&$$&$$
&$*&$*&$*&$*&$*
9+9*7*7*7*7*7*7*7*
*$*$*$*$*$*$*$*$<&
$*$*$*$*$*$*$*$**
*$*$*$*$*$*$*$*$7
$&$&$&$&$&$&$&$&<7
$*$*$*$*$*$*$*$*7
$*$*$*$*$*$*$*$*&
$&$&$&$&$&$&$&$&&
$&$&$&$&$&$&$&$&*
''&*$&*$&*$&*$&*$
$*$*$*$*$*$*$*$*<7
*$*$*$*$*$*$*$*$&
***7****7****7*
TCTCTCTCTCTCTCTCC
TCTCTCTCTCTCTCTCG
CACACACACACACACARC
AGTAGTAGTAGTAGTAGT
CCGCCGCCGCCGCCGCCG

6൴]HUDQJH ES
500-2900
450-2500
200-2000
200-1500
200-1800
400-2000
500-2500
200-2000
300-2900
400-2200
400-3000
350-2900
250-1800
400-2500
400-2800
500-2750
200-3000
400-2500
200-2800
200-1500

13/1/





















D = (A, G, T); H = (A, G, T); V = (A, C, G); Y = (C, T). NL: No. of loci scored; NPL: No. of polymorphic loci
scored. The outgroups were excluded from the analysis.

endemic Verbascum alyssifolium. The primers used
in this study, number of loci, number of polymorphic
loci and annealing temperature were given in Table
2. The band size ranged from 200 bp [in (AGT) 6] to
3000 bp [in (TC)8G], and only one monomorphic
band was found within species [in (CCG)6]. ISSR
band patterns of fifty-nine individuals from three
populations using primer (CA)8RC was shown in
Figure 2.
A total of 390 clear and reproducible bands was
amplified, of which 389 were polymorphic
(99.74%). At the populations level, the percentage of
polymorphic bands (PPB) ranged from 87.69% (Pop
3) to 92.56% (Pop 1) with an average of 90.76%
(Table 3). The highest number of bands (372) was
amplified in Pop 1, and the lowest (350) in Pop 3.
Some primers that we used produced populationspecific bands for the species (Pop 1; 9, Pop 2; 3 and
Pop 3; 5 bands).
The mean observed number of alleles (Na)
ranged from 1.8769 to 1.9256, while the mean
effective number of alleles (Ne) varied from 1.3355
WR  1HL¶V genetic diversity (H) varied from
0.2156 to 0.2595, with an average of 0.2404, and
6KDQQRQ¶V LQIRUPDWLRQ LQGLFHV I) ranged from
0.3448 to 0.4069, with an average of 0.3804. At
species level, H and I were 0.2651 and 0.4206,
respectively (Table 3).
Generally, a low level of genetic diversity is
commonly expected for endemic and endangered
plants [31]. Compared to levels of genetic diversity
found in other endemic species, V. alyssifolium
maintains high levels of genetic diversity. Similarly,
numerous findings have been reported for many
endemic species maintaining high genetic diversity;
for example, Primula apennina (PPB = %96,95, HT

The Analysis of Molecular Variance
(AMOVA) was calculated with the program
GenAlEx 6.5 [24] by resampling 999 times, to
determine the genetic variation within and among
the populations.
To further determine the population structure
of V. alyssifolium, a Bayesian model-based approach
was used to assign individual genotypes into
genetically structured groups, as proposed in
Pritchard et al. [25] and carried out in the software
program Structure ver. 2.3.4 [25, 26]. The set of
parameters assumed the admixture model with
correlated allele frequencies and 5 replications of
100.000 Markov Chain Monte Carlo (MCMC)
iterations were carried out after 50.000 burn-in
periods, with K = 1-10. The most accurate value of
K was evaluated following Evanno et al. [27] and
using the software Structure Harvester [28]. The
latter method makes use of the modal value of delta
K (ǻK), an ad hoc statistic based on the rate of
change in the log probability of data between
successive K values [27]. The software CLUMPP
(Cluster Matching and Permutation Program) was
used to estimate the optimum alignment of clusters
across individual runs for each K [29]. The output
files of the cluster analysis were visualized
histograms with the programme DISTRUCT ver. 1.1
[30].

RESULTS AND DISCUSSIONS
In this study, a total of 45 ISSR primers was
used. Based on the clarity and reproducibility of the
band patterns, 20 primers were selected for
identification and estimation of genetic diversity for
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sity [35]. In general, the species that reproduce
mainly asexually possess low levels of genetic
diversity, while those that reproduce sexually
possess high levels of genetic diversity [36]. The
high genetic diversity in V. alyssifolium populations
could be related to its combined large effective
population size and sexually modes.

= 0.242, Hsp = 0.381) [32], Taihangia rupestris
(PPB: 80.43; h: 0.2479; I: 0.3785) [33], Tuberaria
majör (PPB: 97.7%, H: 0.197, I: 0.324) [13], Salvia
lachnostachys (PPB: 97.48%, I: 0.3982, H: 0.25 Ho:
1.97, He: 1.39) [34]. A metanalysis with plant
species showed a significant positive correlation
between population size, fitness and genetic diver-

FIGURE 2
ISSR profiles of 59 individuals (3 populations) of V. alyssifolium using (CA)8RC primer
(M: GeneRuler 100 bp Ladder Plus, -K: a negative control)
TABLE 3
Genetic diversity of V. alyssifolium populations
Population

Na (sd*)

Ne (sd*)

H (sd*)

Pop 1

1.9256 (0.2627)

1.4122 (0.3052)

0.2595 (0.1527)

Pop 2

1.9205 (0.2708)

1.3841 (0.2924)

0.2463 (0.1510)

Pop 3
Average
Species

1.8769 (0.3289)
1.9076
1.9974 (0.0506)

1.3355 (0.3034)
1.3772
1.4107 (0.2767)

0.2156 (0.1598)
0.2404
0.2651 (0.1353)

I (sd*)
0.4069
(0.2025)
0.3895
(0.2033)
0.3448 (0.2186)
0.3804
0.4206 (0.1721)

PPB (%)
92.56
92.05
87.69
90,76
99.74

Na: observed number of alleles; Ne: effective number of DOOHOHV+1HL¶VJHQHGLYHUVLW\,6KDQQRQ¶VLQIRUPDWLRQ
indeces; PPB: percentage of polymorphic bands; sd: standard deviation.
TABLE 4
Analysis of molecular variance (AMOVA) for V. alyssifolium by ISSR.
Source of variation

d.f. *

Among population
Within population

2
56

Sum of
squares
448.372
3518.691

Variation
components
8.244
62.834

* d.f. = degree of freedom.

1759

Percentage of
variation
12
88

PhiPT

P value

0.116

<0.001
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genetic distance was obtained between Pop 1 and
Pop 3 (0.0618) (Table 5).

Population genetic differentiation. The total
genetic diversity (Ht) of the species and genetic
diversity within populations (Hs) were 0.2656 and
0.2405, respectively (Table 3). The three populations
were ranked in order of level of genetic diversity as
follows: Pop 1>Pop 2>Pop 3. The proportion of genetic variation contributed by the differences among
populations (Gst) was 0.0947, thus leaving 88% of
the total genetic variation harboured within the
populations. It was consistent with the results of
AMOVA, which detected highest genetic variation
within population (88%), whereas the variance
among populations was only 12% (P<0.001) (Table
4). This was further confirmed by the abundant gene
flow among populations (Nm = 4.7793). This Nm
value is similar to that observed in the outcrossed
wind species (4.750) [37].
High to moderate levels of genetic differentiation among populations is a common pattern in
endemic or narrowly distributed plant species [38,
39]. In their review on estimates of genetic diversity
obtained by ISSR markers, Nybom and Bartish [40]
reported mean Gst values of 0.59, 0.23 and 0.19 for
selfing, outcrossing and mixed mating plant species,
respectively. Since, V. alyssifolium is likely an
outcrossing species based on the breeding features,
most of the genetic diversity of V. alyssifolium was
expected to be partitioned within populations [41].
Indeed, the intra- and inter-population genetic
partitioning were on average 88% and 12%,
respectively. Although no specific level of Gst
divergence is universally accepted as designating
distinct populations, an Gst value of 0.05±0.15
indicates a small amount of genetic differentiation
and ޓ0.30 indicates groups that are highly differentiated from one another [42]. According to
:ULJKW¶V [42] standpoint, values of Gst (0.0947)
indicated a small level of genetic differentiation and
suggested a high level of gene flow (4.7793) among
the V. alyssifolium populations. Low genetic differentiation and high gene flow between populations
can result from long-distance gene dispersal either
by pollen or by seed [43]. V. alyssifolium has very
small seeds that are probably dispersed by wind and
its flower structure supports insect pollination. Seed
dispersal mode and insect pollination may
contributed to gene flow among the three V.
alyssifolium populations.

TABLE 5
1HL¶VJHQHWLFGLVWDQFH EHORZGLDJRQDO DQG
genetic identity (above diagonal) between V.
alyssifolium populations.
Pop ID
pop 1
pop 2
pop 3

pop 1
****
0.0533
0.0618

pop 2
0.9481
****
0.0374

pop 3
0.9401
0.9633
****

The populations were grouped into two main
FOXVWHUVE\83*0$DQDO\VLVEDVHGRQ1HL¶VJHQHWLF
distance (Figure 3B). Cluster I included only Pop 1
and cluster II contained Pop 2 and Pop 3. In
addition, the relationships among the populations
ZHUH DOVR LQYHVWLJDWHG XVLQJ 3&R$ 1HL¶V JHQHWLF
distance; transformation exponent, c= 2; Figure 3A).
The first two main components in PCoA explained
7.03% and 12.50% of the total variation, respectively. PCoA showed relative clustering of the
three populations and relative separation individuals
of V. alyssifolium. Pop 2 and Pop 3 had a negative
values along the first coordinate. In contrast,
individuals from the all Pop 1 individuals displayed
positive scores along this axis.
Following the Bayesian clustering method
results revealed with STRUCTURE illustrate that
K=2 clusters represents the most informative representation of the overall population genetic structure
that we analysed (Figure 4). As a result, the three
populations of V. alyssifolium were successfully
assigned to two subgroups (Figure 5).
Bayesian clustering (Figure 5) resolved the
three populations in two differentiated groups.
Yahsiler and Sohmarik are both distant from
Hasanova population, as shown by the UPGMA
dendrogram based on Nei distance. The individuals
were located in the PCoA diagram in two wellseparated clusters. The right-half (Hasanova) and the
left-half in the PCoA diagram contained the rest of
the populations, which formed in the UPGMA tree
based oQ1HL¶V>@DVZHOODVJURXSHGWRJHWKHULQ
STRUCTURE analysis. Genetic structure of plant
populations is usually affected by breeding system,
genetic drift, environmental heterogeneity, seed
dispersal, gene flow, genetic drift, evolutionary
history, life history and natural selection [45, 46]. In
this study, gene flow (Nm) of V. alyssifolium was
found as 4.7793, which indicated that this level of
migration will prevent divergence between populations. In our field study, we observed that the three
populations of V. alyssifolium are grown on both
sides of gypsum valleys with peridotite rocks.
Dependence on the specific habitat of this species
provides advantage on the expansion of populations

Genetic
relationships
between
the
populations. 7KH 1HL¶V JHQHWLF GLVWDQFH ZDV
computed for the populations of V. alyssifolium
based on 390 ISSR markers by using the molecular
phenotype of each individual (scored as present (1)
or absent (0) for all species). The genetic distances
between the populations ranged from 0.0374 to
0.0618 (Table 3). The lowest pairwise genetic
distance was obtained between Pop 2 and Pop 3
(0.0374). On the other hand, the highest pairwise
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increase mating opportunities between closely
related individuals and finally result in loss of
genetic diversity [47, 48].
Because historical distributions and population
size of V. alyssifolium are unknown, outcomes of this
study present a base for future genetic studies and for
designing conservation management program for
this species. In conclusion, V. alyssifolium populations showed to maintain high levels of genetic
diversity, however, destruction of their natural
habitats may increase the risk of extinction.

Coord. 2

in this area by avoiding competition with many other
plants that are unable to colonize in such habitats but
makes it also vulnerable and strongly affected from
habitat loss and enviromental change. Although, we
observed high levels of genetic diversity both at
population and species levels, narrow distribution
and habitat specifity of V. alyssifolium may negatively effect maintenance of its populations. Our
previous investigation revealed that V. alyssifolium
is under threat of human interference, destruction
and habitat fragmentation. It is known that habitat
fragmentation and population deterioration will

Pop1
Pop2
Pop3
Coord. 1

FIGURE 3
$ 83*0$GHQGURJUDPEDVHGRQ1HL¶VJHQHWLFGLVWDQFHVDPRQJV. alyssifolium populations. B) PCoA
RIMRLQHGGLVWDQFHPDWULFHVDFFRUGLQJWR1HL¶VJHQHWLFGLVWDQFHRI,665GDWDIRULQGLYLGXDORI V.
alyssifolium.

FIGURE 4
Results of the Bayesian DQDO\VLVXVLQJWKHSURJUDP6758&785(7KHǻ.ZDVSORWWHGDJDLQVWYDULRXV
values of K, suggesting K=2 as the most likely number of clusters.
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FIGURE 5
STRUCTURE of individuals assignment result for K=2, based on ISSR variation. Different colors
represent different gene-pools. K is the number of gene-pools.
>@ 6HNHUFLRJOX &+ $QGHUVRQ 6 $NoD\ (
%LOJLQ 5 &DQ 2( 6HPL] * 7DYVDQRJOX
& <RNHV 0% 6R\XPHUW $ ,SHNGDO .
6DJODP ,. <XFHO 0 DQG 'DOIHV +1
 7XUNH\¶VJOREDOO\LPSRUWDQWELRGLYHUVLW\
FULVLV %LRORJLFDO &RQVHUYDWLRQ  

>@3DURO\*DQG(UHQ2  &RQWULEXWLRQVWR
WKHIORUDRI7XUNH\:LOOGHQRZLD
>@ (NLP7.R\XQFX09XUDO0'XPDQ+
$\WDF = DQG $GLJX]HO 1   7XUNL\H
%LWNLOHUL.LUPL]L.LWDEL$QNDUD'RJDO+D\DWL
.RUXPD'HUQHJL
>@.DQGHPLU$DQG0DNEXO6  (U]LQFDQ
<RUHVLQGH <D\LOLV *RVWHUHQ %D]L 1DGLU %LWNL
7XUOHUL 8]HULQH *R]OHPOHU (U]LQFDQ (JLWLP
)DNXOWHVL'HUJLVL  
>@ :ROIH $' ;LDQJ 4< DQG .HSKDUW 65
  $VVHVVLQJ K\EULGL]DWLRQ LQ QDWXUDO
SRSXODWLRQV RI 3HQVWHPRQ 6FURSKXODULDFHDH 
XVLQJ K\SHUYDULDEOH LQWHUVLPSOH VHTXHQFH
UHSHDW ,665 EDQGV0RO(FRO±
>@ +X = /LQ / 'HQJ - DQG:DQJ 6  
*HQHWLF 'LYHUVLW\ DQG 'LIIHUHQWLDWLRQ DPRQJ
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6LPSOH 6HTXHQFH 5HSHDW ,665  %LRFKHPLFDO
6\VWHPDWLFVDQG(FRORJ\±
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GLIIHUHQWLDWLRQ DPRQJ SRSXODWLRQV RI WKH
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VHUYDWLRQ DQG UHVWRUDWLRQ SHUVSHFWLYH
%LRFKHPLFDO*HQHWLFV  ±
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pollutions, the pollution of rivers have attracted more
attentions [2-5] as the pollution of them are more
obvious than other water bodies, because of the close
relationships between rivers and human beings
during the evolution of the human society. And
therefore, a large number of studies related to the
river environment have been conducted, especially
the issues related to anthropogenic influences,
including water quality evaluation, pollution source
identification and environmental restoration et al [6,
7].
The quality of any body of water is a function
of natural and human influences. Without human
influences, water quality would be determined by the
weathering of bedrock minerals, by the atmospheric
processes of evapotranspiration and the deposition of
dust and salt by wind et al. And therefore, before the
water environment protection, two kinds of works
should be processed: the first one is the quality
evaluation of the water, and the second one is the
identification of the source of chemical constitutes in
the water, which are essential for the distinguish of
the natural and anthropogenic contribution, and then
can be used by humans for environmental protection.
To be an agriculture dominated city, rivers have
played important roles for its development in Suzhou,
northern Anhui Province, China. Although most of
the water for domestic use is pumped from
underground [8], the river water has long been used
for agriculture and industry purpose, which cannot
be replaced. In this study, the water from the Bian
River, the most important river in Suzhou for water
supply, have been collected and analyzed for trace
metal concentrations, and then the source (natural
and anthropogenic) of the trace metals have been
identified and quantified by statistical methods,
which can provide information for the protection of
the water environment.

ABSTRACT
Quantification
of
the
anthropogenic
contribution for the pollution is important for the
management of the environment. In this study, water
samples from the Bian River in Suzhou, northern
Anhui Province, China have been collected and
analyzed for eight kinds of trace metal
concentrations, and then analyzed by statistical
methods for quantifying the natural and
anthropogenic contributions. The results indicate
that the water samples have mean concentrations of
Cr > Cu > Ni > V > Zn > Ti > Co > Mn, and the
medium coefficients of variations indicate that the
water in the Bian River has not been dramatically
affected by human activities. Factor analysis has
identified three sources responsible for the trace
metal
concentrations,
including
two
natural/geological sources and one anthropogenic
source. Three sources have also been determined by
Unmix model, and the anthropogenic contributions
for the total Ti, V, Cr, Mn, Co, Ni, Cu and Zn are
25.3%, 26.7%, 31.3%, 58.9%, 28.1%, 32.1%, 42.4%
and 32.5%, respectively.

KEYWORDS:
trace metals, environmental pollution, river water,
quantification, anthropogenic contribution

INTRODUCTION
Water pollution is a major global problem
because of the importance of water for living beings.
Water pollution affects the entire biosphere - plants
and organisms living in these bodies of water. In
almost all cases the effect is damaging not only to
individual species and population, but also to the
natural biological communities. It has been
suggested that it is the leading worldwide cause of
deaths and diseases, and that it accounts for the
deaths of more than 14,000 people daily [1].
Water pollution can occur in a series of water
bodies, e.g. lakes, rivers, oceans, aquifers and
groundwater. Among these different kinds of water

MATERIALS AND METHODS
Study area. Suzhou is located in northern
Anhui Province, China with its longitude ranging
IURPƍWRƍ (east), latitude ranging from
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FIGURE 1
Location of the study area and the distribution of the samples.
ƍ to ƍ (north). It is a city dominated by
agriculture and coal. The annual rainfall is 774-895
mm with annual mean temperature 15.7 ć. There
are four rivers flow through the region, including the
Bian, Sui, Tuo and Hui rivers.
The Bian River is an artificial river, which was
built between 1966 and 1968. It originates from the
Tuo River and flowing through cities and farmland,
including the cities of Suzhou, Lingbi, Sixian and
Sihong in northern Anhui Province, China (Fig. 1),
the length of the river is 127 km. It is not only an
important water supplier for agricultural and
industrial use, but also an important transport
channel in the area. However, with the development
of the economic society along with the river, it has
been affected by the human activities: e.g. the
nutrients from the fertilizer used in agricultural
activities and waste discharge from domestic
activities.

For data treatment, the software Mystat (version
12) has been applied for getting basic statistics,
including minimum, maximum, mean and
coefficient of variation. And then, the factor analysis,
a method has long been used for identifying the
sources of pollutants [9, 10], has also been applied
by Mystat for getting qualitative information about
the sources of trace metals. Finally, the Unmix model
(by US Environmental Protection Agency) has been
applied for getting the quantitative information about
the sources, including source profiles and source
contributions, the method has also been used for
environmental studies [11-13].

RESULTS AND DISCUSSIONS
Metal concentrations. Analytical results of
this study are synthesized in Table 1. As can be seen
from the table, the mean concentrations of the water
samples are Cr > Cu > Ni > V > Zn > Ti > Co > Mn.
Their mean concentrations are 8.54, 6.51, 5.88, 5.73,
1.70, 1.01, 0.372 and 0.175 ȝJO UHVSHFWLYHO\ In
comparison with the water from other rivers in the
Suzhou, the water from the Bian River have the
lowest mean concentration of Ti, Mn and Zn, and
highest mean concentrations of Cu relative to other
rivers. In considering with the sources of Zn and Mn
revealed by environmental studies (mainly related to
tire wearing and waste discharge) [13], such a result
suggests that the Bian River has undergone more
light pollution relative to other rivers, especially the
moat of the city.
In comparison with the guidelines for drinking
water quality (Mn 400ȝJO, Cr 50ȝJO, Cu 2000ȝJO,
Zn 3000ȝJO, Ni 70ȝJO) [14], the results suggest that
all of the water samples can be considered for
drinking purpose according to their trace metal

Sample collection and analysis. A total of
forty-six water samples have been collected from the
Bian River (Fig. 1). Water samples were filtered
WKURXJKȝPSRUH-size membrane and collected
into a 2.0 L polyethylene bottles that had been
cleaned in the laboratory, and immediately acidified
to pH<2 by HNO3 for prevention of element
precipitation and/or adsorption by the bottle. Then
the samples were sent to the laboratory for analysis
in 24 hours. Analytical processes were taken place in
the Engineering and Technology Research Center of
Coal Exploration in Anhui Province, China.
Concentrations of eight kinds of trace metals (Ti, V,
Cr, Mn, Co, Ni, Cu and Zn) have been analyzed by
ICP-MS (Element II). The international standard
solutions after dilution have been applied for
calibration, and most of the samples have relative
standard deviations less than 10%.
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concentrations. However, because of the application
of water for drinking should consider pollutions
related to organic and inorganic, the meeting of the
requirement of trace metals provides only one aspect,
but some other measurements should be taken before
application. However, although the trace metals in
the water are all lower than the permissible limit,
which does not mean that the water has not been
polluted by human activities.
Environmental studies revealed that coefficient
of variation can reveal the spatial or statistical
inhomogeneous of pollution, which therefore can be
applied for tracing the contribution of chemical
constitutes
in
natural
environment
from
anthropogenic activities: a low coefficient of
variation (< 0.1) indicates the low degree of
anthropogenic contribution, whereas a high
coefficient of variation (> 0.9) indicates high degrees
of anthropogenic contribution. In this study, metal
concentrations of the water samples have medium
coefficients of variations (0.083 - 0.357), indicating
that the water in the Bian River has not been
dramatically affected by human activities.

Fresenius Environmental Bulletin

previous studies, such as the Kaiser criterion [15],
the screen test [16] and the Exner function [17], and
now, eigenvalue higher than one is the most popular
applied criterion.
In this study, the eigenvalue higher than one has
been chosen for defining the factor numbers. As can
be seen from the Table 2, three factors with total
variance explanation of 81.6% have been obtained
with eigenvalue higher than one after varimax
rotation: the first factor is responsible for 36.0% of
the total variance and is dominated by V, Co and Ni,
and then followed by Cr; the second factor is
responsible for 30% of the total variance and is
dominated by Cu, Cr and Ti; whereas the third factor
with variance explanation of 15.6% is dominated by
Zn, and then followed by Mn.
According to previous studies [13, 18], the first
and second factor can be explained to be the nature
related sources, as Ti, V, Cr, Co and Ni are most
probably contributed by geological weathering
processes. However, the third factor is considered to
be an anthropogenic source, that¶s because Mn is a
representative metal related to living garbage,
whereas Zn is the most popular metals released by
wearing of tires [18]. However, factor analysis can
give only the information about the qualitative
information about the sources, other methods are
needed for getting quantitative information about the
contributions of the sources.

Source identification by factor analysis.
Factor analysis is a statistical method used to
describe variability among observed, correlated
variables in terms of a potentially lower number of
unobserved variables called factors. As mentioned
above, factor analysis has long been used for
identifying the sources of pollutants with qualitative
information [9, 10]. However, determination of the
factor numbers in factor analysis is an important
work, and several principles have been used in

Source quantification by Unmix model. A
series of methods have been applied for quantifying
the source of pollutants, and the most popular
methods applied include:

TABLE 1
'HVFULSWLYHVWDWLVWLFVRIPHWDOFRQFHQWUDWLRQV ȝJO 
Ti
V
Cr
Mn
Co
Ni
N of Cases
46
46
46
46
46
46
Minimum
0.552
4.54
6.83
0.101
0.258
4.27
Maximum
1.52
6.66
10.2
0.333
0.488
7.94
Arithmetic Mean
1.01
5.73
8.54
0.175
0.372
5.88
Coefficient of Variation
0.259
0.083
0.117
0.347
0.121
0.181
TABLE 2
Results of factor analysis.
Factor 1
Factor 2
Ti
V
Cr
Mn
Co
Ni
Cu
Zn
Eigenvalue
Variance explained

0.338
0.839
0.522
0.311
0.959
0.878
0.016
0.051
2.88
36.0
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0.698
0.299
0.797
0.465
0.13
0.188
0.952
-0.116
2.40
30.0

Factor 3
-0.236
-0.052
0.129
0.584
0.112
0.285
0.089
0.853
1.25
15.6

Cu
46
2.47
9.63
6.51
0.357

Zn
46
0.635
3.59
1.70
0.346
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Source 1
0.257
1.520
2.660
0.103
0.104
1.890
2.770
0.555
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TABLE 3
Source profiles (ȝJO) and contributions (%).
Source 2
Source 3
Contribution 1 Contribution 2
0.168
0.592
25.3
16.5
1.590
2.590
26.7
27.9
1.970
3.880
31.3
23.1
0.034
0.038
58.9
19.6
0.106
0.160
28.1
28.6
1.660
2.340
32.1
28.2
0.329
3.440
42.4
5.0
0.887
0.266
32.5
51.9

Contribution 3
58.2
45.4
45.6
21.5
43.2
39.7
52.6
15.6

FIGURE 2
Variations of source contributions.
of source approximation based on UNMIX model is
considered to be reliable [21].
The detailed explanations about the four
sources are as follows:
Source 1 has the highest loading of Mn and
moderate loadings of Ti, Cr, Ni, Cu and Zn among
the three sources. The contributions of this source for
the total Ti, V, Cr, Mn, Co, Ni, Cu and Zn are 25.3%,
26.7%, 31.3%, 58.9%, 28.1%, 32.1%, 42.4% and
32.5%, respectively. It can also be obtained from the
spatial distribution of contributions of this source
(Fig. 2) that the areas with high contributions of this
source are located in the area with high densities of
populations (urban area). Such a consideration can
also be demonstrated by the p-value of the
contribution ratios of this source, as the p-value is
0.022, lower than 0.05, indicating that the
distribution of the source contributions is not normal
distribution. Therefore, this source can be explained
to be an anthropogenic source related to waste
discharge and motor vehicles, as Mn is the main

Chemical Mass Balance (CMB), Positive Matrix
Factorization (PMF) and Unmix models [13, 19, 20].
In this study, the Unmix model has been chosen for
analysis.
Based on the calculation of UNMIX model,
four sources have been identified and the results are
listed in Table 3. These four sources have Min Rsq =
0.97, representing that more than 97% of the
variance information can be explained by the
modeling and it is higher than the minimum
requirement of the model (Min Rsq > 0.8). Moreover,
the Min Sig/Noise is 2.54, also higher than the
minimum requirement (Min Sig/Noise > 2). It can
also be obtained from the relationships between
predicted and observed concentrations that the
correlation coefficients between predicted and
observed concentrations of Ti, V, Cr, Mn, Co, Ni, Cu
and Zn are 0.866, 0.748, 0.927, 0.964, 0.714, 0.755,
0.872 and 0.927, respectively, higher than the critical
value (r = 0.376, Į 1, n = 46), suggesting that the
efficiency of modeling is good. Therefore, the results
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pollution related to waste discharge except for N, P
and Fe [22], whereas Cu, Pb and Zn are the most
popular metals released by automobile [18]. The
contributions of this source range from 4.9-100%
(mean = 32.0%).
Source 2 has the highest loading of Zn among
the three sources, and most of other trace metals (Ti,
Cr, Mn, Ni and Cu) possess the lowest loadings. The
contributions of this source range from 0-87.4%
(mean = 33.0%). However, as can be seen from the
Fig. 2, the variation of contributions this source is
different with the source 1 that it has high
contributions outside the urban area. Therefore,
although most of the Zn in the environment can be
contributed by tire wearing, the source 2 cannot be
explained to be source related to motor vehicles.
Therefore, this source can be explained to be a
natural source related to natural conditions, such as
hydrological conditions related to the sluice. This
consideration is consistent with the p-value of the
contribution ratios of this source, as the p-value is
higher than 0.15, indicating that the distribution of
the source contributions is normal.
Source 3 has the highest loadings of most kinds
of the trace metals, including Ti, V, Cr, Co, Ni and
Cu among the three sources. The contributions of
this source range from 0-76.6% (mean = 35.0%). It
can be obtained from the Fig. 2 that the contributions
of this source are relatively stable from sample 1 to
46, and the p-value of the contribution ratios of this
source is higher than 0.15. Therefore, this source is
also a natural/geogenic source.
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Soils contaminated with heavy metals in Albania
commonly found near industrial sites, in agricultural areas treated with pesticides, fertilizers and
wastewaters, and soils naturally high in heavy metals
[3]. Such soils are increasingly used by farm families
located near or in areas affected by contamination.
Although several studies on metal contamination of
agricultural soils and plants have been conducted [5,
14, 15, 20, 21], studies on metal accumulation in
food plants generally absent. On the other hand, data
from the international literature on the levels of
heavy metals in plants cultivated in soil
contaminated by various sources are scarce.
Therefore, this study is focused on comparison of
heavy metal accumulation in vegetables cultivated in
soils contaminated from industrial and agricultural
activities.

ABSTRACT
The present study aimed to assess the levels of
heavy metals Pb, Cd, Cr, Cu, Zn and Ni in the leafy
vegetables cultivated in soils contaminated by
industrial and agricultural activities. The vegetable
samples were collected from three sampling sites
(industrial, agricultural and reference). The samples
were digested by the mixture of HNO3 and H2O2,
and the concentration of metals were measured by a
Varian model SpectraA-200 Atomic Absorption
Spectrometer. The results indicate that the metals
analyzed were present in all the samples, except for
Pb and Cr in two different samples, and the highest
contents were observed for Cd, Pb and Zn at the
industrial site, Cr, Cu at the agricultural site, and for
Ni at the reference site, suggesting different
sources of metals in vegetables. The significant
correlation between Cu and Pb indicates that they
may have a common source. The Cd and Pb contents
respectively in all and in two vegetable samples
collected from industrial and agricultural sites,
exceed the safe limit set by the Codex Alimentarius
Commission for human consumption. While the
contents of other metals analyzed are below the
safe limits. Therefore, regular monitoring of heavy
metals in vegetables cultivated in contaminated soils
is indispensable.

MATERIAL AND METHODS
The study area. Three sampling sites with
different characteristics were selected for this study
(Table 1).
The industrial site or site I (SI) is located near
the industrial complex of Lac (former industrial
wasteland, Shullaz village), agricultural site or site A
(SA) is located in the agricultural lands of Bregu i
Matit Plain (Gajush village), and reference site or
site C (SC) is located in the extensive agricultural
area (Pllan village). The site I contains traditional
gardens with associated residential houses, it is flat
to gently undulating and soils are mainly gray
cinnamon meadow soils (Cambisols) with low
quality for agriculture. The site A is mainly rural in
nature with associated residential homes, it is flat
and soils are meadow gray cinnamon soils
(Cambisols) of a high quality. The site C is a mix of
agricultural lands and road side comercial units, it is
flat with a hilly area in the east.

KEYWORDS:
Heavy metals; contaminated soils; vegetables; FAO/WHO
safe limits; Albania.

INTRODUCTION
Accumulation of heavy metals in agricultural
soils has drawn broad public attention due to their
direct effect on metal accumulation in food. Main
sources of heavy metals in soils include natural
occurrence related to parent materials and human
activities through atmosferic depositions, waste
disposal, traffic emisions, agrochemicals and
wasterwater applications [7, 22]. Accumulation of
heavy metals in plants depends on a wide range of
factors, including plant-available fraction of metals
[13, 29] and the source of soil contamination [28].

Sample collection and preparation. The
representative vegetable samples (salad) were
collected from three sampling sites in June 2014.
Vegetables cultivated in the study area are used for
own consumption of farmers. The samples labelled
as SI-1, SI-2 and SI-3 were collected from site I (SI)
contaminated by waste disposal and air deposition,
1771
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the
following
formula:
mg/kg=(mg
L1*0.05)/0.0003.
The values were compared and evaluated with the
standards of FAO/WHO for heavy metals in
vegetables and plants [9,12]. Data obtained were
analyzed using Microsoft Excel and the results were
expressed as mean ± standard deviation.

samples labelled as SA-1 and SA-2 from site A (SA)
contaminated due to irrigation with polluted water
from Mati River and use of fertilizers, manure and
pesticides, and a sample labelled as SC from site C.
The samples were taken in the normal phase of
consumption. The collected samples were
transported immediately to the laboratory for
preparation, including washing with tap water and
then with distilled water to remove the surface
impurities, air drying, grinding using a mill, and
used for metal determination.

RESULTS AND DISCUSSION
Soil properties. The soil chemical and physical
properties varied greatly among the three study sites
(Table 2). The soil pH (CaCl2) varied from 5.21 to
7.39. The low pH value in soil at site I can be
attributed to acidic effluents from nearby industrial
complex. The calcium carbonate content varied
between 0.52 and 1.50%. Both pH and carbonates
followed a similar trend. The organic carbon content
varied from 0.91 to 1.35%. The clay content varied
from 11.87% to 26.40%. For four selected soil
parameters, the maximum values were observed at
site A and the minimum values at site I. This can be
explained by the land use types in the study area (see
Table 1).

Sample analysis. Vegetable sample (0.3 g)
was digested with 8 mL of HNO3 (69%) and 2 mL
of H2O2 (33%) in a microwave digestion system at
180oC for 15 min. Gently homogenize the sample in
the reagent. After cooling, the digested sample was
filtered through a Whatman no. 42 filter paper and
the filtrate was made up to a final volume of 50 ml
with distilled water. The metal concentrations were
determined by atomic absorption spectrometer
(AAS) (Spectra A-200), equipped with an GTA 100.
Data analysis. The heavy metal concentrations
obtained from the AAS ± GTA analysis in mg/L
were converted into mg/kg dry weight (DW) using

TABLE 1
The characteristics of sampling locations
No. of
samples

Altitude

Position

UTM

SI-1

32 m

34T 0392173

4611609

SI-2

35 m

34T 0392169

4611584

SI-3

31 m

34T 0392153

4611519

SA-1

20 m

34T 0390481

4617576

SA-2

17 m

34T 0390813

4617699

SC

10

-

-

Land use type description
Former industrial wasteland, which the last ten years is used for
vegetable and cereal production (soil treated with animal
manure and urea and irrigated with drinking water).
Former industrial wasteland, which the last ten years is used for
vegetable and cereal production (soil treated with animal
manure and urea and irrigated with drinking water).
Former industrial wasteland, which the last ten years is used for
vegetable and cereal production (soil treated with animal
manure, herbicides and irrigated with drinking water).
Agricultural land, which for a long time is used for intensive
production, including irrigation with polluted water from Mati
River (soil treated with animal manure and last 20 years
irrigated by well water).
Agricultural land, which for a long time is used for intensive
production, including irrigation with polluted water from Mati
River (soil treated with animal manure, superphosphate and last
20 years irrigated by well water).
Agricultural land, it lies above the irrigation canal and was
typically planted with alfalfa.

TABLE 2
Selected chemical and physical properties of the studied soils
Soil Sample
SIa
SAb
SCb
a

pH (CaC l2)
5.21
7,39
6,15

CaCO3 (%)
0.52
1,50
0.80

Gjoka et al. [14 ]; bKasa et al. [19]

1772

Organic C (%)
0.91
1,35
1.23

Clay (%)
11.87
26,40
22.00
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TABLE 3
The content of total, potentially plant available and mobile forms of heavy metals and ph in the soil
surface of the study sites

Metal

Cd

Zn

Cr

Cu

Pb

Ni

Metal species
(mg/kg)

Soil sample
SI
SA
SC
SI
SA
SC
SI
SA
SC
SI
SA
SC
SI
SA
SC
SI
SA
SC

Metal species
(as a percent of total content)

AR

EDTA

NH4NO3

EDTA

NH4NO3

0,43
0.2
0.1
274,3
98.2
102.8
126,0
209.9
128.6
422,7
66.7
54.9
16,4
12.4
16.3
151,8
358.9
179.2

0.22
0.06
0.06
14.48
0.98
1.35
0.36
0.05
0.04
94.87
7.40
9.00
2.36
1.71
2.18
5.37
2.98
3.60

0.17
0.001
0.003
8.43
0.002
0.031
0.02
0.004
0.002
44.41
0.217
0.168
0.13
0.006
0.015
4.60
0.043
0.130

51,2
38.71
48.02
5,28
0.96
1.31
0,29
0.03
0.03
22,4
11.16
16.40
14,4
12.78
13.38
3,54
0.86
2.01

39,53
0.67
2.56
3,07
0.003
0.030
0,013
0.002
0.002
10,51
0.33
0.31
0,77
0.048
0.090
3,03
0.013
0.07

Trigger value

0.04* and 0.1
0.04* and 0.1
0.04* and 0.1
2
2
2
1
1
1
0.1
0.1
0.1
1.5
1.5
1.5

The data on heavy metal contents (aqua regia method-AR) in Site I (SI) was exracted from Gjoka et al. [14], in
Site A (SA) and Site C (SC) from Kasa et al. [19], the data on heavy metals (EDTA and NH4NO3 methods) in all
the studied sites was extracted from Kasa et al. [20]. Trigger and action (*) values for soils of fields used for
cultivation of bread wheat and Cd accumulating vegetables were extracted from BbodSchV [4].
TABLE 4
Mean contents (mg/kg) of heavy metals in vegetable samples
No, of vegetable samples
SI
SA
SCc
Safe limit (vegetables)a
Normal range (plants)b

Pb
0,39
0,36
0,14
0.3
<2,4

Cd
1,89
0,84
0,18
0,2
0,5-30

Cr
1,00
1,11
0
5.0
-

mg /kg
Cu
8,79
9,53
7,27
40
2,5

Zn
12,02
5,10
6,51
60
0,02-50

Ni
2,84
2,84
9,16
20-100

a

FAO/WHO, 2007 adopted by Chauhan [9] (for Cd, Cr, Cu, Zn) and Kachenko & Singh [18] (for Pb); bFAO/WHO
[12]; cKasa et al. [21].

The total contents of Cr in site A, Cu in site I
and Ni in three study sites were higher than the
maximum permissible limits of the EU Directive
86/278/EEC [11], while those of Zn in site I, Cr, Cu
and Ni in three study sites were higher than the
German threshold values for soils [4], indicating
a potential threat to human health through the food
chain. While the mobile contents of heavy metals lie
above the trigger values (action values for Cd)
according to BBodSchV [4] in site I, and under these
values in sites A and C. This means that the actual
harmful pollution exists in site I.

Heavy metals in soils. The total (extraction
with aqua regia-AR), potentially plant available
(EDTA-extractable) and mobile (NH4NO3extractable) contents of heavy metals in surface soil
and pH are given in Table 3. The EDTA- and
NH4NO3-extractable metal contents are considered
because they represent plant availability better than
total content [10]. The total contents of Cd, Zn, Cu,
and Pb and the EDTA- and NH4NO3-extractable
contents of all the analyzed metals were higher in
site I than in site A and site C. This means that the
higher metal contents in site I may be the result of
copper smelting process in the copper smelter
adjacent to this site. The higher total contents of Cr
and Ni in site A can result from irrigation with
polluted water from Mati River [19].

Heavy metals in plants. The heavy metal
contents (mg/kg DW) in vegetable samples varied
highly between the sites (Table 4). The mean Pb
content varied from 0.13 mg/kg in site C to 0.38
1773
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also has a strong influence [16]. In our case it seems
that pH and the level of Ni in soil (see Table 2 and
Table 3) must be responsible for the Ni
accummulation in plants.

mg/kg in site I, the mean Cd content from 0.18
mg/kg in site C to 1.89 mg/kg in site I, the mean Cr
content from ND (not detectable) in site C to 1.11
mg/kg in site A, the mean Cu content from 7.27
mg/kg in site C to 9.53 mg/kg in site A, the mean Zn
content from 5.10 mg/kg in site A to 12.02 mg/kg in
site I, and the mean Ni content from 2.84 mg/kg in
sites I and A to 9.16 mg/kg in site C. These results
were more or less similar to those reported by
reported by other authors [6, 8, 24, 25, 27, 30].
The mean contents of heavy metals can be
arranged in the order of Zn > Cu > Ni > Cd > Cr >
Pb for vegetables cultivated in site I, Cu > Zn > Ni
>Cr > Cd > Pb for vegetables cultivated in site A and
Ni > Cu > Zn > Cd > Pb > Cr for vegetables
cultivated in site C. It is interesting to note that the
highest Cd, Pb and Zn contents in the studied
vegetable samples were found in site I and the
highest Cr, Cu contents in site A and Ni content in
site C. The contents of all metals in the vegetable
samples are discussed below. The low soil pH (see
Table 1) and high Zn content in soil may lead to high
Cd content in vegetables in SI. According to
Kugonic and Grcman [23], the Cd is most mobile in
acidic soils within the range of pH 4.5-5.5. While,
Smilde et al. (1992), quoted by Kachenko and Singh
[18], found high contents of Cd in leafy vegetables
when soil Zn concentrations increased. As with Cd,
the Pb had the highest mean content in vegetables of
SI. This may be due to foliar absorption of
atmospheric deposits coming mainly from the
nearby copper smelter within the industrial complex.
Alloway [2] noted that the lead con-tamination of
plants was generally only external. The higer Pb
content in a vegetable sample of site A can result
from the
agrochemicals application
(manure,
pesticide and fertilizer).
The Zn content in vegetables showed the
similar trend like Cd and Pb contents. An earlier
study has shown that plants intake of Zn is very
dependent on its level in soil (Dowdy and Larson,
1975), quoted by Alemayehu et al. [1]. The higher
content of Zn in site I (see Table 3) may have led to
greater accumulation of Zn in plants. But foliar
absorption of Zn from contaminated dust that comes
from the industrial complex could have contributed
to increased levels of Zn in vegetables. The Zn
contents in vegetables of site A and C were
comparable. Both these sites have been affected by
agricultural activities causing contamination of soil
and plants with this metal. The Cu and Cr contents
in vegetables of site A were slightly higher
than those of sites I and C, suggesting that
agriculture can be an additional source of these
metals. Kasa et al. [19] noted that the contamination
of this site with Cu and Cr comes from irrigation.
The Ni content in vegetables of site C was
significantly higher than other sites. The Ni content
in plants seems to be highly controlled by soil
properties and origin, but plant abilities to absorb Ni

Metal contamination of vegetables. In sites I
and A, all vegetable samples exceeded the safe limit
for Cd (0.2 mg/kg) set by the Codex Alimentarius
Commission [FAO/WHO (2007)], adopted by
Chauhan [9], whereas only one sample from site I
and another from site A exceeded the safe limit for
Pb (0.3 mg/kg) (Table 4 and Figure 1). This high
contents of Cd and Pb in vegetables may harm
the health of consumers. Lead and Cd have no
essential biological functions and are highly toxic to
plants, animals and humans [26].
The contents of other metals analyzed were
found to be below the safe limits. There is no
international guidelines for safe limits of Ni in
vegetables. However, the high total and mobile
(NH4NO3-extractable) contents of Cu, Ni, Zn and Cr
in the studied sites, especially in site I, suggest the
need for regular monitoring of heavy metals in
vegetables cultivated in the study area. The metals
analyzed were within the normal range of metals in
plants, with the exception of Cu.


Correlation analysis. In this research, the
correlation is used as a statistical tool to identify the
origin of heavy metals in vegetables. The results of
correlation analysis tabulated in Table 5 indicated
that there was the significantly positive correlation
between Cu and Pb (r=0.73**; p<0.05), suggesting
that these metals may have the same origin in the
studied vegetables.
The correlation revealed negative relationships between metal pairs Cu/Zn, Cu/Ni, Cr/Ni,
Cr/Pb, Pb/Zn, Pb/Cd, Pb/Ni, Cd/Ni and Cd/Zn,
indicating the antagonistic interactions and different
origin of these metals. Lead inhibits uptake of Zn in
plants [17].

CONCLUSIONS
Although the total Zn, Cr, Cu and Ni contents
of the studied sites were higher than the German
threshold values for soils, the mobile contents of
metals indicate an actual risk of pollution in site I
where the soil pH is lower. The highest Cd, Pb and
Zn contents in the studied vegetables were found in
site I and the highest Cr, Cu contents in site A and
Ni content in site C, suggesting different sources of
metals in vegetables. The correlation analysis
confirms that the Cu and Pb may have the same
origin in the studied vegetables. The mean metal
contents in vegetables decreased in the order of Zn >
Cu > Ni > Cd > Cr > Pb in site I, Cu > Zn > Ni > Cr
> Cd > Pb in site A and Ni > Cu > Zn > Cd > Pb >
Cr in site C. The Cd and Pb contents respectively in
1774
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limits. The high contents of Cd and Pb in vegetables
may harm the health of consumers. Therefore,
regular monitoring of heavy metals in vegetables
cultivated in contaminated soils is indispensable.

all and in two vegetable samples from sites I and A,
exceed the safe limit set by the Codex Alimentarius
Commission for human consumption. While the
contents of other metals analyzed are below the safe
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FIGURE 1
Mean contents (mg/kg) of heavy metals in the studies vegetable samples

TABLE 5
Correlation coefficients (r) between the heavy metals in plants
Pb
Cd
Cr
Cu
Zn
Ni

Pb
1,00
-0,27
-0,13
0,73*
-0,37
-0,27

Cd

Cr

Cu

Zn

Ni

1,00
0,18
0,27
-0,27
-0,38

1,00
0,07
0,59
-0,65

1,00
-0,68
-0,55

1,00
0,05

1,00

*Correlation is significant at p < 0.05
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TOXICITY OF FOUR FUNGICIDES TO THE GROWTH
AND PROTEIN AMOUNT OF CHLORELLA VULGARIS
Burcin Bedil, A Kadri Cetin*
Department of Biology, Faculty of Science, Firat University, 23119 Elazig, Turkey

carbamate insecticides are primarily effective on the
nervous system, herbicides influence the
photosynthesis pathways of the target organism
group [1-3]. However, it has been observed that
fungicides that inhibit the biosynthesis of ergosterols
increase the effects of insecticides on birds,
mammals and invertebrates in terrestrial
environments [4-7].
There are significant differences in the
sensitivities of microorganisms to pesticides in
aquatic environments. Algae are one of the most
important components of aquatic systems. They are
the basic building blocks of the dissolved oxygen via
photosynthesis and organic matter and they comprise
the basic nutrition of different organisms in aquatic
environments. Algae are the most sensitive
organisms affected by pesticide contamination in
waters. Chlorella vulgaris, one of the leading
representatives of phytoplankton in the waters, is
also among the organisms that are highly affected by
pesticide contamination [8, 9].
Chlorella vulgaris is a green alga that is
commonly found in freshwaters. It is one of the main
sources of oxygen with the highest concentration of
chlorophyll [10, 11]. The alga grows fast, may take
culture in autotroph conditions and is extremely
tolerant to extreme conditions. It is also frequently
used as a model organism for toxicological tests in
aquatic environments [12-14].
In this study, the effects of various fungicides
(azoxystrobin, flusilazole, penconazole and
triadimenol) used frequently in agriculture and
viticulture on the development and protein amount
of Chlorella vulgaris have been examined. We hope
that the results of our study will provide a significant
resource for future studies on the use of fungicides
and environmental control.

ABSTRACT
The sensitivity of different organisms to
various chemicals differ from each other. In this
study, the changes in the growth rate and protein
amounts of the green algae Chlorella vulgaris
against four different fungicides were examined. The
fluid cultures that C. vulgaris is located in were
subject to different fungicide concentrations. The
number of cells and protein amount of C. vulgaris
were examined in four day periods. It was observed
that the growth rate and protein amount of C.
vulgaris differed depending on the fungicide
concentration and exposure time. Our results showed
that the effects of the fungicides on the growth rate
and protein amount of C. vulgaris were different.

KEYWORDS:
Chlorella vulgaris, fungicides, acute toxicity tests

INTRODUCTION
The starvation problem keeps on making itself
be felt increasingly every day thus forcing
humankind to rearrange its relationship with nature
in a world where agricultural areas continue to
decrease and population increment cannot be
controlled. Extensive studies are being carried out to
be able to get more product from a unit area that will
enable us to overcome the hunger problem. Various
chemicals were started to be used in agriculture
especially after the Second World War. The main
objective in these applications is to increase product
quality while also providing pest control. Various
chemicals are used for this purpose in order to
prevent, control harmful organisms or to decrease the
damages incurred by them.
Chemical materials or chemical mixtures that
are used to control or kill an organism are known as
pesticides. Pesticides are also effect aquatic
organisms lived in ground waters or surface water
sources since they are carried by irrigation waters
and rainwater. Aquatic environments are affected by
a wide range of pesticides from various sources. The
impact of these pesticides on non-target organisms
have been indicated in many types of research. For
instance, whereas organophosphate, organochlorine,

MATERIAL AND METHOD
Fungicides. Azoxystrobin is part of the
chemical family of Strobilurins. They are based on
naturally occurring antifungal compounds in certain
wood-decaying mushrooms. It is absorbed through
the roots and is translocated in the xylem to the stems
and leaves, or through leaf surfaces to the leaf tips
and growing edges. The mode of action is by
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values of the same samples were determined daily
using a spectrophotometer at a wavelength of 680
nm. The measurements in the spectrophotometer
were compared with the counts in the microscope.
The number of alga cells was calculated via visible
spectrophotometer with optical density measurement
at 680 nm. A standard curve related with optical
density was generated and the number of cells was
calculated.
Lowry (1951) method was used for total protein
estimation [15]. According to this method, 1 mL
sample was taken on which 0.1 mL DOC solution
was added and left to wait for 10 minutes at room
temperature. Afterwards, 0.1 mL TCA was added
and was centrifuged at 7500 rpm for 10 minutes, the
supernatant part was removed and 1 mL Lowry
solution was added to the precipitate after which it
was left to wait at room temperature for 20 minutes.
1 mL foline indicator was added afterwards and
absorbance was read at 750 nm wavelength and the
results were evaluated from the standard curve.

inhibition of mitochondrial respiration in fungi. It
inhibits spore germination, mycelial growth, and
spore production of fungi. Azoxystrobin is active at
very low doses against a wide range of fungal
pathogens. Azoxystrobin is toxic to fish and aquatic
organisms. Observe buffer zones specified on the
label to prevent drift or runoff into aquatic habitats.
Flusilazole is sold in about 40 countries around
the world for use on such crops as grapes, stone fruit,
pome fruit, cereals, oilseed rape and soybeans.
Flusilazole is a fungicide that is a member of the
triazole family of compounds. Fusilazole is a sterol
synthesis inhibitor, which interferes with fungal
membrane structure and function.
Penconazole is a systemic triazole fungicide
with preventive and curative properties for the
control of powdery mildew. It stops the development
of fungi by interfering with the biosynthesis of
sterols in cell membranes. It is used on fruits,
especially apples and grapes, and vegetables.
Triadimenol is a systemic fungicide with
protective, curative and eradicant action. It is
absorbed by the roots and leaves with ready
translocation in young growing tissues, but less
ready translocation in older, woody tissues. This
fungicide is used to control powdery mildew, rusts
and Rhynchosporium in cereals, in addition to the
control of bunt, smuts, Typhula spp., seedling blight,
leaf stripe, net blotch and other cereal diseases when
applied as a seed treatment. It is also used on
vegetables, ornamentals, coffee, hops, vines, fruit,
tobacco, sugar cane, bananas and other crops, mainly
against powdery mildews, rusts and various leaf spot
diseases.

RESULTS AND DISCUSSION
Effects of Fungicides on (Azoxystrobin,
Flusilazole, Penconazole and Triadimenol) the
Development of Chlorella vulgaris. Chlorella
vulgaris cultures were subject to different
concentrations of fungicides (azoxystrobin,
flusilazole, penconazole and triadimenol) (1μg/L,
3μg/L, 6μg/L, 10μg/L, 15μg/L) for a period of four
days. The number of cells in the cultures which were
subject to these fungicides for four days were shown
in Figures. As can be seen in Figure 1, it was
determined that the number of cells on the day of
inoculation in the control cultures as well as cultures
subject to fungicides at different concentrations was
337000 cells/mL. Whereas the number of cells in the
control group increased to 417000 cells/mL on the
day of inoculation; it was determined that the number
of cells decreased to 217000 cells/mL,
177000cells/mL, 137000cells/ mL, 107000cells/mL,
87000cells/mL in cultures that were subject to
1μg/L, 3 μg/L, 6 μg/L, 10 μg/L, 15 μg/L
azoxystrobin application respectively (Figure 1). It
was observed that C. vulgaris continuously
decreased in liquid cultures until the fourth day on
which the examination was made and that the
number of cells decreased down to 147000cells/mL,
117000cells/mL, 97000cells /mL, 27000cells/mL
and 7000cells/mL depending on azoxystrobin
concentration.
It was determined that the number of cells

Test organism and culture. Chlorella vulgaris
is among the most important members of the
phytoplankton in fresh waters. C. vulgaris was
cultivated in -DZRUVNL¶V medium. The medium
consisted of the following components (per liter of
distilled water): 80 mg NaNO3, 50 mg MgSO4.
7H2O, 36 mg Na2HPO4.12H2O, 12.4 mg KH2PO4,
20 mg Ca(NO3)2.4H2O, 15.9 mg NaHCO3, ȝJ
MnCl2.4H2O, 2.25 mg EDTAFeNa, 2.25 mg
EDTANa2  ȝJ +3BO3  ȝJ
(NH4)6Mo7.4H22  ȝJ  ȝJ WKLDPLQ % 
F\DQRFREDODPLQ %   ȝJ ELRWLQ The culture
medium was sterilized at a temperature of 121 °C
and pressure of 1 atmosphere for 15 minutes. C.
vulgaris was inoculated to 250 mL erlenmayers with
100 mL liquid nutrient medium. The erlenmayers
were subject to 23 ± 1ºC temperature in periods of
18 hours of light and 6 hours of darkness with a light
GHQVLW\RIȝPROSKRWRQP-2s-1 in the incubator. The
erlenmayers were shaken thrice during the day.
Counting of the number of cells and protein amount
was carried out with three repetitions for four days in
cultures subject to control and fungicide application.
C. vulgaris cells were counted under an
inverted microscope. In addition, the absorbance
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the number of cells decreased in parallel to the
fungicide concentration (Figure 3).
Triadimenol application had significant effects
on the population growth of C. vulgaris. Whereas it
was determined that the number of cells of C.
vulgaris continuously increased in control cultures
which were not subject to triadimenol application, it
was determined in cultures subject to triadimenol
application that based on fungicide concentration,
the number of cells decreased continuously until the
fourth day during which the examination was carried
out (Figure 4).

FIGURE 1
Effect of azoxystrobin to individual numbers of
Chlorella vulgaris
decreased regularly in cultures subject to flusilazole
concentrations of 1μg/L, 3 μg/L, 6 μg/L, 10 μg/L, 15
μg/L in order to determine the effects of flusilazole
on the development of C. vulgaris (Figure 2). It was
determined on the day of inoculation that the number
of cells in the control and flusilazole containing
cultures was 337000 cells/mL and that the number of
cells of C.vulgaris increased in the control group and
1μg/L flusilazole containing cultures during the
counts carried out on the 1st day (417000 cells/mL,
377000 cells/mL) however, it was also determined
that the number of cells decreased in other cultures.
Whereas a significant increase was observed in the
number of cells of C. vulgaris at the end of the 96th
hour in control cultures (977000 cells/mL), the
number of individuals of C. vulgaris was observed to
decrease significantly in flusilazole applied cultures
depending on flusilazole concentration thus reaching
227000cells/mL, 167000cells/mL, 127000cells/mL,
57000cells/mL, 27000cells/mL respectively (Figure
2).

FIGURE 3
Effect of penconazole to individual numbers of
Chlorella vulgaris

FIGURE 4
Effect of triadimenol to individual numbers of
Chlorella vulgaris
Effects of Fungicides (Azoxystrobin,
Flusilazole, Penconazole and Triadimenol) on the
Protein Amount of Chlorella vulgaris
Protein analyses were carried out in samples
subject to fungicide applications starting from the
first day following azoxystrobin, flusilazole,
penconazole and triadimenol application after 24,
48, 72 and 96 hours with control and final
concentrations as 1 μL, 3μL, 6μL, 10μL and 15μL
in order to determine the effects of fungicides on the
protein amount of C. vulgaris and the results have
been given in Figures. It was observed that the
protein amount increased regularly in control
cultures thus reaching 65.609 μg/mL 96 hours later.
Whereas it was observed in cultures subject to
fungicide application that the protein amount

FIGURE 2
Effect of flusilazole to individual numbers of
Chlorella vulgaris
Penconazole had significant effects on the
population growth of C. vulgaris in liquid cultures.
It was determined on the first day of inoculation that
the number of cells was 337000 cells/mL in liquid
cultures and this number increased in the control
cultures until the end of the study. However, it was
also observed in cultures subject to penconazole that
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inoculation. The result of the measurements showed
that the protein amount of the control group
continuously increased at a statistically significant
level and reached 65.609μg/mL at the end of 96
hours. However, the protein amount of cultures
subjected to 1μL penconazole decreased to
9.023μg/mL at the end of 96 hours and it was
determined as 7.722μg/mL in cultures subjected to
3μL pencanozole. The decrease in protein amount
continued depending on the increase in penconazole
concentration and it was determined in cultures
subjected to 15μL penconazole that the protein
amount was 1.128μg/mL (Figure 7).

decreased continuously depending on fungicide
concentration and that after 96 hours the protein
amounts
were
11.625μg/mL,
7.722μg/mL,
6.421μg/mL, 2.519μg/mL, and 1.128μg/mL
respectively parallel to the increase in the final
azoxystrobin concentration (Figure 5).

FIGURE 5
Effect of azoxystrobin to protein amount of
Chlorella vulgaris
Similarly, it was observed in liquid cultures
subject to flusilazole application that the protein
amount decreased depending on flusilazole
concentration. It was observed on the day of C.
vulgaris inoculation to liquid cultures that the protein
amount which was 35.039μg/mL reached 65.609
μg/mL in control cultures at the end of 96 hours but
that the protein amount decreased significantly in
cultures subject to flusilazole application depending
on the fungicide concentration. It was determined at
the end of the bioassay that the protein amounts in
liquid cultures subject to flusilazole decreased
inversely proportional with the fungicide
concentration thus reaching 26.584 μg/mL,
22.031μg/mL, 16.177μg/mL, 10.324μg/mL and
7.072μg/mL respectively (Figure 6).

FIGURE 7
Effect of penconazole to protein amount of
Chlorella vulgaris
It was observed in C. vulgaris cultures subject
to triadimenol application that the protein amount
changed with respect to fungicide concentration and
the exposed time. It was determined on the first day
of inoculation that the protein amount was 35.039
μg/mL in C. vulgaris cultures and that the protein
amount reached 65.609 μg/mL in the control cultures
at the end of 96 hours, whereas it was also
determined
in
cultures
subject
to
1μL,3μL,6μL,10μL
and
15μL
triadimenol
application that the protein amounts became
27.234μg/mL, 22.682μg/mL, 14.877μg/mL, 7.072
μg/mL and 4.470μg/mL respectively at the end of
the 4th day (Figure 8).
The toxic effects of pesticides on algae have
been put forth in various studies (1-10). It has been
observed that the fungicide known as trifloxystrobin
has significant effects on the growth rate and protein
amount of C. vulgaris. It was also observed as a
result of this effect that growth decreased by 63.45%
whereas protein amount decreased by 20%
depending on concentration in comparison with the
control group [15]. Our study revealed that both the
number of cells and the protein concentration varied
significantly depending on the fungicide
concentration and the exposure time.
All eukaryotic cells need sterols to preserve
their function and membrane structure. The primary
sterol in animal cells is cholesterol. The sterols in
SODQW FHOOV FRQWDLQ FDPSHVWHURO ȕ-sisterol and
stigmasterol. On the other hand, ergosterol is found

FIGURE 6
Effect of flusilazole to protein amount of
Chlorella vulgaris
It was also observed that the penconazole and
triadimenol application resulted in a statistically
significant decrease in the protein amounts of C.
vulgaris cultures. It was determined that the protein
amount changed with respect to fungicide
concentration and exposed time. The protein amount
in the liquid cultures was 35.039μg/mL on the day of
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only in the plasma membranes of mushrooms and
green algae. It has been shown in many research that
fungicides cause the decrease in protein amount and
number of cells, especially in algae by inhibiting
ergosterol biosynthesis [4, 16, 17, 18]. It was
concluded in our study that the change in the number
of cells and protein amount in C. vulgaris in liquid
cultures caused by mode of action fungicides
through disrupting the ergosterol biosynthesis in
algae.

FIGURE 8
Effect of triadimenol to protein amount of
Chlorella vulgaris

CONCLUSION
The results of this study put forth the negative
effects of the fungicides on the growth rate and
protein amount of C. vulgaris in liquid cultures. The
toxicity of fungicides on C. vulgaris varies with
respect to concentration and exposure time.
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cost and simplicity of design [3,17]. Recently, the
applications of low-cost materials in wastewater
treatment have been widely investigated [18].
For the removal of chromium species from
aqueous systems, several agricultural wastes such
as rye husk [8], pineleaves [19], sunflower husk
[20], tea factory waste [21], wheat bran [22], wool,
olive cake, pine needles, almond shells, cactus
leaves [23], mango leaves [24], Ocimum
americanum L. seed pods [25], leaf mould [26],
sugar cane bagasse, maize corncobs and Jatropha
oil cake [27], sawdust [28], grape waste [29], oilfree Moringa oleifera cake and sweet potatoes peels
[30], walnut, hazelnut shell [31] and cork waste
[32] were used.
Hazelnut shell (HNS) is a very important
biomass in Turkey which is the largest hazelnut
exporter in the world [33]. Therefore, hazelnut shell
is being used as low-cost alternative to expensive
adsorbents for the removal of toxic metals [3].
Many studies have been made for the adsorption of
hexavalent chromium using low-cost adsorbents.
On the other hand, few studies were published for
the adsorption of Cr(III) using low-cost adsorbents.
In this study, hazelnut shell, which is a lowcost and readily available adsorbent was tested for
the removal of Cr(III) ions from aqueous solutions.
The effects of contact time, initial pH, adsorbent
dose, initial metal concentration, and temperature
on the adsorption were investigated. The Langmuir
and Freundlich adsorption isotherm models were
applied to the experimental equilibrium data.
Furthermore, Cr(III) adsorption data were also used
for designing a single-stage batch adsorber.

ABSTRACT
In this study, the removal of Cr(III) ions from
aqueous solutions by adsorption using the hazelnut
shell (Corylus avellana) was investigated in batch
experiments. The influence of contact time (1360min), initial concentration of adsorbate (25-600
mg L-1), temperature (25-55°C), pH (1-5) and
adsorbent dose (0.1-1.2 g) on adsorption of Cr(III)
were investigated. The adsorption isotherm studies
were also performed. The maximum removal
(%90.42) of Cr(III) ions from the Cr(III) solution
with the initial concentration of 50 mg L-1 was
achieved at pH=5 using 0.8 g hazelnut shell as the
adsorbent. The Cr(III) adsorption capacity of
hazelnut shell was calculated as 14.14 mg g-1 at pH
5. Finally, a batch adsorber was designed.

KEYWORDS:
Adsorption; Chromium; Hazelnut shell; Isotherm model;
Batch adsorber design

INTRODUCTION
Heavy metal pollution creates an extreme
threat for living organisms and the environment.
Heavy metals are responsible for serious diseases in
living organisms. Heavy metals such as zinc,
cadmium, chromium, copper, mercury, nickel, lead,
etc. are toxic on living beings [1-4]. The Cr(III) and
Cr(VI) ions are known for their toxic effects in the
nature [5,6]. Chromium present in effluent is
primarily in less toxic trivalent form which is
Cr(III), but when this effluent is discharged into the
soil, Cr(III) is oxidized to toxic hexavalent form,
which is Cr(VI) [7]. The main sources of chromium
in wastewaters are the automotive, metal, steel,
tanning, petroleum, electroplating, fertilizer,
photographic material, battery, mining and textile
industries [8].
There are many reported methods for the
removal of metals from wastewaters such as
chemical precipitation [9], ion exchange [10],
biosorption [11], membrane separation [12-14], and
adsorption [15]. All of these technologies have their
inherent advantages and limitations [16].
Adsorption is a favorable method due to its low-

MATERIALS AND METHODS
Adsorbent. The hazelnut shells were obtained
from a hazelnut factory (Ordu in Turkey). It was
washed several times with distilled water to remove
surface impurities and then oven dried at 105°C.
After that, the dried samples were grounded and
sieved into several size fractions, using standard
ASTM sieves. The size of the dried samples used
throughout this experiment were 63-38 μm.
Solutions and reagent. The stock solution of
1784
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Cr(III) (1000 mgL-1) was prepared by dissolving
required amount of Cr(NO3)3.9H2O. The solutions
at lower concentrations were obtained by the proper
dilutions from the stock solution. All the reagents
used in the experiments were of analytical grade.
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The Langmuir and Freundlich adsorption
isotherms were examiQHG WR ¿W WKH H[SHULPHQWDO
data. The sorption model constants were estimated
from the adsorption data using Curve Expert 1.3
computer software.
The data obtained in these batch studies were
used to calculate the removal percentage of Cr(III)
ions by using the following equation:
§ C0  Ce ·
(1)
¨
¸

Apparatus. The Perkin Elmer model
AAnalyst
400AA
atomic
absorption
spectrophotometer (AAS) operating with an airacetlylene flame was used to determine the
concentration of Cr(III). The pH measurements
were carried out with a pH meter (Consort P903).
The centrifuge tubes were agitated in a temperature
controlled shaker (Memmert) at 150 rpm. Then the
tubes were centrifuged (Hettich) at 19,000 u g for
10 min and the supernatant was anayzed.

%Cr ( III )removal

where C 0

¨
©

C0

and C e

¸ x100
¹

are the initial and

equilibrium concentrations (mg L-1) of Cr(III) ion
concentrations, respectively.

RESULTS AND DISCUSSION
Batch adsorption studies. In the experiments,
the tubes were shaken at 150 rpm on the
temperature controlled shaker for 360 min at room
temperature
(25ƕC)
to
ensure
adsorption
equilibrium. The equilibrium was attained after
shaking for 150 min. Therefore, in each experiment,
the shaking time was set to 150 min.
The adsorbents were separated by filtration
after the reaction and the liquid portions taken from
the supernatant were analyzed using flame AAS in
order to determine the final Cr(III) concentration in
the solution.
The effect of the adsorbent dose on the
removal was studied through the experiments
performed by various adsorbents dosages (0.1, 0.2,
0.3, 0.5, 0.7, 0.8, 1.0, and 1.2 g). During these
studies, the other experimental conditions such as
Cr(III) ions concentration (50 mg L-1), pH (5.0),
contact time (150 min), agitation speed (150 rpm),
and temperature (25ƕC) were kept constant.
The influence of initial pH on the removal of
Cr(III) ions from the aqueous solution was studied
in the range of 1.0±5.0. pH was adjusted using 0.1
M HCl or NaCl solutions. In these experimental
studies, 25 mL of Cr(III) solution (50 mg L-1) was
taken in tubes and 0.8 g of adsorbents were added
separately. The solutions were agitated in the
temperature controlled shaker at 150 rpm.
The effects of the initial Cr(III) concentrations
on the adsorption process was investigated by using
25 to 600 mg L-1 Cr(III) solutions at pH 5.0. The
synthetic chromium solutions (25) mL at various
concentrations (25, 50, 100, 200, 300, 400, 500 and
600 mg L-1) were added into the tubes with 0.8 g of
adsorbents at room temperature (25°C) in the
temperature controlled shaker (150 rpm) for 150
min to reach the adsorption equilibrium.
To determine the effect of temperature on the
adsorption of HNS, experiments were also
conducted at 25, 35, 45 and 55°C. The other
experimental such as Cr(III) ions concentration (50
mg L-1), pH (5.0), contact time (150 min), and
agitation speed (150 rpm) were kept constant.

Contact time. The Adsorption of Cr(III) ions
at 50 mg L-1 concentration and 25ƕC temperature
was studied as a function of contact time in order to
determine the equilibrium time. The effect of
contact time is shown in Fig. 1. Adsorption
equilibrium was observed within 150 min. Hence,
the subsequent studies were performed at a contact
time of 150 min.

FIGURE 1
Effect of contact time on the adsorption of
Cr(III) by HNS (temperature:25°C, pH=5,
adsorbent dose: 0.8g/25 mL)
Effect of pH on Cr(III) removal from
aqueous solution. The pH of the aqueous solution
is an important operating parameter in the
adsorption process since it affects the surface
charge of the adsorbent and the degree of ionization
of the adsorbate in the aqueous solutions [34,35].
The effect of pH on the sorption of Cr(III) ions was
investigated at different pH values (1.0±5.0) using
HNS at constant Cr(III) ion concentration (50 mg L1
) for the adsorbent amount of 0.8 g. Fig. 2 shows
the effect of pH on the removal of Cr(III) ions on
hazelnut shells. According to the results, the
maximum uptakes of Cr(III) ions were achieved at
the initial pH values of 4.0 and 5.0. Both the large
amounts of active sites on the adsorbent surface and
the nature of the metal ions are affective in metal
removal. The competition between the protons and
metal cations determine the affinities of the surface
1785
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sites of HNS. This may be further explained in
relation to a competition effect between the protons
(H+ ions) and metal cations (Cr3+ ions). At lower pH
values, the metal ions occupy the binding sites on
the HNS and the metal ions in the solution become
free. When the pH increases, i.e., the H+
concentration decreases, the sites on the adsorbent
surface mainly change into the dissociated forms. In
this case, the H+ ions are exchanged with the metal
ions in the solution. While there was an increase in
the number of negatively charged adsorbent sites,
the number of positively charged adsorbent sites
decreased. Thus increasing pH, supported the
adsorption of positively charged Cr(III) ions [3].
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FIGURE 3
Effect of adsorbent dose on the adsorption of
Cr(III) by HNS (temperature:25°C, pH=5, initial
metal concentaration:50ppm, contact time: 150
min)
provides greater surface area or adsorption sites for
a fixed initial metal concentration [38,39]. Similar
trends were observed by Imamoglu [40] for the
Cd(II) removal onto activated carbon prepared from
hazelnut husks and by Pehlivan and Altun [2] for
biosorption of Cr(VI) ion from aqueous solutions
using walnut, hazelnut and almond shell.
Effect of initial metal concentration on
Cr(III) removal from aqueous solution.
According to Fig. 4. the adsorption percentages
were seen to decrease for increasing concentrations
of Cr(III). This may be because at low
concentrations the adsorption of metal ions onto
specific active sites occurs more readily while
adsorption is lower due to the saturation of
adsorption sites at higher concentrations. On the
other hand, the adsorption percentage decreased
while the metal uptake increased. This may be due
to the lack of sufficient surface area to adsorbe
more metal ions from the solution [2,41]. Similar
findings were reported by other researchers [40,42].

FIGURE 2
Effect of initial pH on the adsorption of Cr(III)
by HNS (temperature: 25°C, adsorbent dosage:
0.8g/25 mL, initial metal concentaration:50ppm,
contact time: 150 min)
Previous studies also showed that the
maximum uptake of Cr(III) ions occurred at initial
pH range of 4.0 to 5.0. Bernardo et al. [36]
investigated the use of agro-waste biosorbents
(Sorghum Straw, Oats Straw and Agave Bagasse)
for aqueous Cr(III) removal in batch experiments.
The optimum initial pH was 4.0 for all three
biosorbents. Uluozlu et al. [37] reported Cr(III) and
Pb(II) removal from aqueus solution using
Parmelina tiliaceta biomass in batch experiments.
The optimum pH for Cr(III) was 5.0.
Effect of adsorbent dose on Cr(III) removal
from aqueous solution. The removal percentage
increases with increasing adsorbent dose (Fig. 3).
The Cr(III) ions adsorption from aqueous media on
HNS was investigated by varying the amount of the
adsorbents from 0.1 to 1.2 g while keeping the other
parameters (pH=5.0, metal solution volume=25 mL,
Cr(III) concentration=50 mg L-1, contact time=150
min, and agitation speed=150 rpm) constant. The
maximum removal percentage of Cr(III) was
90.42% at 0.8 g of HNS dose.
The adsorbent amount is one of the parameters
highly affecting the removal efficiency. The
removal efficiency of metal ions increased as the
adsorbent amount increased. This result was
expected since the increasing adsorbent amount

FIGURE 4
Effect of initial metal concentration on the
adsorption of Cr(III) by HNS
(temperature:25°C, pH=5, adsorbent dose:
0.8g/25 mL, contact time: 150 min)
Effect of temperature on Cr(III) removal
from aqueous solution. The effect of temperature
on the adsorption of Cr(III) was studied in the range
of 25-55°C for initial concentration, 50 mg L-1,
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using optimum adsorbent dose (0.8 g). The results
are represented as percentage removal of Cr(III)
versus temperature (Fig.5). The continuous
decrease in percentage removal with temperature
indicated that the adsorption process was
exothermic in nature. The Cr(III) removal
percentage level followed the order of 25ƕC> 35ƕC>
45ƕC> at 55ƕC. The chromium removal was
decreased from 90.42 to 76.08 as the feed
temperature was increased from 25ƕC to 55ƕC.
Similar result was also observed by Uluozlu et al.
[37], studying biosorption of Pb(II) and Cr(III) by
lichen (Parmelina tiliaceae).

qe

1/ n

(3)

solution (mg L-1), q m and K L are the Langmuir
constants, representing the maximum adsorption
capacity for the solid phase loading and the energy
constant related to the heat of adsorption,
respectively. The maximum monolayer adsorption
capacity was found to be 14.14 mg g-1 for HNS.

FIGURE 6
The plots of Cr(III) adsorption isotherms
(temperature:25°C, pH=5, contact time:150 min)
Previously, some researchers have determined
the adsorption capacities of various low cost
adsorbents such as walnut shell (8.01 mg g-1),
hazelnut shell (8.28 mg g-1), almond shell (3.40 mg
g-1) [2], cactus leaves (7.08 mg g-1) [23], bael fruit
shell (17.27 mg g-1) [38], sorghum straw (6.96 mg
g-1), oats straw (12.97 mg g-1) and agave bagasse
(11.44 mg g-1) [36], Aspergillus niger (117.33 mg g1
) [43], sugar cane bagasse (13.4 mg g-1) [44],
coconut tree sawdust (3.46 mg g-1) [45] treated
waste newspaper (59.88 mg g-1) [46], and longan
seed (35.02 mg g-1) [47] for the removal of
chromium ions.
The parameters of the Langmuir and
Freundlich isotherms and correlation coefficients
are shown in Table 1. According to calculations, the
value of n is greater than 1. This indicates a
favourable adsorption process [42]. The Freundlich
equation represents the adsorption process better
than Langmuir. The R2 value is higher for
Freundlich isotherm than for the Langmuir
isotherm. The Freundlich isotherm model is valid
for multi-layer adsorption [48]. In some earlier
studies [49,50], authors reported that the Freundlich
model agreed very well with experimental data.
TABLE 1
Parameters of Freundlich and Langmuir
isotherms for adsorption of Cr(III)

Adsorption isotherms. Adsorption isotherm
is very important in the design of an adsorption
system [3]. The Freundlich and Langmuir are the
simplest and most commonly used isotherms to
describe the adsorption characteristics of adsorbents
used in the water treatment [40]. The adsorption
isotherm is shown in Fig. 6.
The Freundlich isotherm is an empirical
equation used to describe heterogeneous systems.
[3,37]. The Freundlich equation may be written as
[40]:

K f Ce

q m K LCe
1  K LCe

where C e is the equilibrium concentration in

FIGURE 5
Effect of adsorption temperature on the
adsorption of Cr(III) by HNS ( pH=5, adsorbent
dose:0.8g/25 mL, initial metal
concentaration:50ppm, contact time: 150 min)

Qe
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(2)

where Q e is the amount of solute adsorbed
per unit weight of adsorbent (mol g-1); K f constant
indicate the relative adsorption capacity of the
adsorbent (mol g-1); n is the constant indicating the
intensity of the adsorption. Both K f and n are
constants indicating the extent of adsorption and the
degree of non-linearity between solution and
concentration, respectively.
The Langmuir adsorption isotherm assumes
that the uptake of adsorbate molecules occurs on a
homogenous surface by monolayer adsorption.
There is no interaction between the adsorbed
molecules [35]. The non-linear equation of
Langmuir isotherm model is expressed as follows
[40]:

1787

Langmuir
Model

q0 (mg g-1)

K (L.g-1) R2

14.14

0.014

0.87

Freundlich
Model

KF (mg g-1)(L mg-1)n

n

R2

0.86

2.1

0.94
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operating conditions for Cr(III) ions were
determined through batch experiments. The
equilibrium time for the removal of Cr(III) ions
from aqueous solution was achieved within 150 min
of contact time and the maximum removal of 50
mgL-1 Cr(III) was 90.42%. The optimum dose of
adsorbent was 0.8 g for Cr(III). The maximum
removal occurred at pH 4.0 and 5.0 for chromium
ion. The adsorption capacity was 14.4 mg g-1. The
Freundlich isotherm model was found to be fitting
better than Langmuir isotherm model. It was found
that the hazelnut shell, a significant by-product
from the production of hazelnuts in Turkey, is
useful for the removal of Cr(III) ions from water. A
batch adsorber design was also studied for this
purpose.

FIGURE 7
Volume of effluent (V) treated against HNS
mass (W) for different percentages removal of
Cr(III) (temperature:25°C, pH=5, initial metal
concentaration:50ppm, contact time: 150 min)
Batch adsorber design. Adsorption isotherms
are useful for the design of single-stage batch
adsorption systems. In the design studies, the
volume of water contained in the solution to be
treated is taken to be V liters. The initial and final
metal ion concentrations in the adsorption process
are C 0 to Ce (mol L -1), respectively. The amount
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of the adsorbent is W (g) when the adsorbate is
uptaken by the adsorbate-free adsorbent. The
Cr(III) ion concentration in the solution increases
from q0 to qe (mol g-1). Here, q0 =0 when fresh
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different pore diameters like microfiltration (MF),
ultrafiltration (UF), and reverse osmosis (RO), are
experiencing an exponential increase in China. In the
last decade, technologies like MBR and dualmembrane UF-RO process were widely used for
treating wastewater and for high-purity reclamation
in water reuse because of their high efficiency and
smaller space requirement. In MBR, the hydraulic
retention time and the sludge retention time were
independent so that the nitrification bacteria could
have a long sludge age. Thus MBR, both aerobic and
anaerobic, has showed great advantages especially
for the removal of nitrogen and suspended solids in
full-scale applications. The dual membrane UF-RO
process was a combination of ultrafiltration and
reverse osmosis, a two-stage membrane separation
for producing high quality pure water from
reclaimed wastewater. In UF unit, the product water
permeated through membrane under pressure while
substances with diameter of 10~100 nm (macro
molecule, bacteria, virus, etc.) were retained by UF
membrane. Unlike UF membranes which have
distinct pores that traverse the membranes, RO used
semipermeable membranes with layered, web-like
structures, providing pass way for only water
molecules. By achieving a hydrostatic pressure
greater than the osmotic pressure of the solution, the
RO membrane further keep off matters larger than 1
nm in diameter (metal ions, aqueous salts, etc.),
which concentrated on the influent surface of RO
membrane. The UF-RO process was mostly
employed in wastewater reclamation for industrial
reuse by virtue of its outstanding performance on
desalination.
.

ABSTRACT
Membrane technology like membrane bioreactor (MBR) and ultrafiltration-reverse osmosis
process has been developed and applied for decades.
In China, it has been increasingly widely applied in
wastewater treatment and reclamation plants. This
paper presented experience with several years of
full-scale operation at the Wuxi New District, which
has successfully adopted the large-scale application
of membrane technology for water reclamation. The
design and results of long-term operation of three
MBRs in local wastewater treatment plant and a
ultrafiltration-reverse osmosis plant in industry were
introduced and discussed. Since 2009, the
application of MBRs in three wastewater treatment
plant with capacity ranging from 20,000 m3/d to
80,000 m3/d in Wuxi New District has allowed the 1A standard discharge of sewage that initially
contained 360~510 mg/L CODCr, 250~300 mg/L SS,
43~55 mg/L total nitrogen and 3.1~5.0 mg/L total
phosphate. With a product capacity of 10,000 m3/d,
the high-purity reclamation of fluoride wastewater
from a semiconductor manufacture which was
recycled for industrial use and landscape irrigation
was achieved by the adoption of a dual-membrane
ultrafiltration-reverse osmosis plant. The dual
membrane process yielded permeate with fluoride
content below 1.0 mg/L and the product water
quality meet the custom requirements. In the reverse
osmosis operation, a positive correlation between
feed temperature and permeate fluoride was
observed.

Water reclamation in Wuxi New District.
Wuxi is located at the north of Taihu lake basin and
in the Yangtze River Delta Area , a district
undergoing an accelerated process of urbanization.
Concomitant to the fast economic boom and urban
expansion is the deterioration of water quality. An
algal bloom in 2007 had serious repercussions for
industries, agriculture, and the aquatic ecosystem of
the Taihu Lake Basin. Since then, central and local

KEYWORDS:
MBR, UF-RO, dual-membrane, water reuse, case study,
semiconductor wastewater

INTRODUCTION
Membrane-based wastewater reclamation.
Applications of membrane technologies, with
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TABLE 1
Capacities and treatment processes of different sewage treatment plants at WND
plant name
running capacity
capacity and process
MSBRĮ+ Cloth-Media Filter (90,000 m3/d);
3
Xincheng
150,000 m /d
A2/O+ MBR (60,000 m3/d)
A2/O-CASTȕ+ Cloth-Media Filter (30,000 m3/d)˗
Meicun
110,000 m3/d
A2/O+ MBR (80,000 m3/d)
ICEASȖ+ Cloth-Media Filter (20,000 m3/d)˗
Shuofang
40,000 m3/d
A2/O+ MBR (20,000 m3/d)
Į
modified sequencing batch reactor (MSBR); ȕcyclic activated sludge system (CAST); Ȗintermittent cycle
extended aeration (ICEAS)
TABLE 2
Characteristics of influents and designed effluents, and emission standards for the
WND sewage treatment plants
water
quality
influent quality
1-A
discharge
requirements for
Parameter
unit
standard
Xincheng
Meicun
Shuofang
recycling
pH
6~9
6~9
6~9
6̚9
6̚9
CODCr
mg/L
400
360
510


mg/L
200
150
180


BOD5
SS
mg/L
250
300
260


NH3-N
mg/L
35
38
40


TN
mg/L
45
43
55


TP
mg/L
5
5
3.1


Note˖Results in the column of water quality requirements for recycling were for effluents from membrane
technology, and those in the column of 1-A discharge standard were for effluents from cloth-media filter.
governments have paid more attention to improve
wastewater facilities and to encourage water reuse.
Established in 1992, Wuxi New District (WND) has
an area of 220 km2 with a population of more than
600,000. The industry in WND are mostly
manufactures of photovoltaic solar, microelectronics and bio-pharmaceutics. To treat or reuse
its domestic sewage and industrial wastewater,
membrane technology has been employed in WND.
This paper introduced the long-term and full-scale
operation of MBR and UF-RO treatment process in
several sewage plants in WND.
Treatment technologies for fluoride
wastewater. In this paper, an industrial wastewater
reclamation plant in WND where dual-membrane
technology was employed focusing on reclamation
for fluoride wastewater from semiconductor
manufacturing was introduced. Several technologies
were in application to extract fluoride from industrial
wastewater, each of which had its advantages and
limitations as well. The most extensively applied
treatment technologies fell into two main categories:
chemical precipitation like lime treatment, and
absorption. Lime treatment has been largely utilized
for extracting fluorides as it allows treatment of large
amounts of effluent, but it is limited to removing
concentrations lower than 7.5 mg/L, a value much
higher than the prevailing norms[1],Q:DQJ¶VSLORW
study[2], dosing calcium hydroxide followed by

coagulation sedimentation was able to reduce
fluoride concentration from 288.9 to 10.67 mg/L,
achieving a removal percentage of 96.3%. As for
absorption, besides ion exchange resin, applications
of various adsorbents for fluoride removal have been
studied and developed, such as hydrous bismuth
oxides[3], MHS-MgO/MgCO3[4] and some simple
aluminum (hydr)oxides[5]. Yet none of the
technologies mentioned above yielded effluent with
fluoride content less than water reuse standards. In
comparison, RO technology, in only one step,
allowed high fluoride removal regardless of its initial
concentration, producing almost pure water.

MATERIALS AND METHODS
MBR treatment systems required for higher
quality water in WND. Capacity and
characteristics of feed and effluent. Three sewage
treatment plants, Xincheng, Meicun and Shuofang,
had been established at WND since 2001 and have
been operating to now. Before 2009, 140,000 m3/d
of sewage in total was treated in the three plants by
various traditional two-stage treatment processes
including several forms of SBRs and cloth-media
filter. The water quality of the effluent discharged
into local rivers had reached the 1-A discharge
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TABLE 3
Summary of design parameters of the MBR systems in three plants
parameter
unit
Xincheng
Meicun
Shuofang
membrane material
PVDF
PVDF
PVDF
membrane supplier
Siemens
GE
OriginWater
nominal pore size
0.4
0.4
0.4
m
130,000
176,000
32,040
gross membrane surface area
m2
water yield
m3/d
60,000
80,000
20,000
filtrate flux
19.2
21.9
27.8
L/m2g
h
1111
1331
1580
effective volume of membrane tank
m3

FIGURE 1
The treatment process chain of three WWTP in Wuxi New District
VWDQGDUGVRI&KLQD¶V³1DWLRQDOGLVFKDUJHVWDQGDUGRI
pollutants for municipal wastewater treatment
SODQWV´ *%-2002). In 2009, the total capacity
of the three plants were expanded to 300,000 m3/d,
of which the added 160,000 m3/d of sewage was
required to be treated aiming at water reuse.
Compared to the former 1-A discharge standard, the
quality limits for reuse water is stricter for organic
matter, suspended solids (SS) and ammonia (NH3N). Thus, MBR was employed as the core treatment
process for the added 160,000 m3/d sewage. The
capacities of each plant and their respective
treatment processes before and after the capacity
expansion were listed in Table 1.
Consisting mainly of domestic sewage
generated from community and commerce, the feed
water quality of the three plants was characterized by
the presence of organic matter, ammonia and
phosphorous. Table 2 listed the characteristics of
designed influents and effluent and the discharge
standards for CODCr, BOD5, suspended solids(SS),
NH3-N, total nitrogen (TN) and total phosphorous
(TP).
Full-scale MBR description. Fig.1 presented
the entire treatment process flow. Large solids and
gravels in raw sewage water was firstly removed by
thick screen and an aerated grit chamber for the
removal of before the core treatment process.
Substances larger than 1 mm in diameter in sewage
was further removed by an extra fine screen set prior
to the MBR system so as to protect the membrane
modules from quick fouling.

All three plants adopted the integrated A2/OMBR system in which the membranes modules were
submerged in an aerobic tank and effluent was
sucked out by pumps. The system were designed to
perform the treatment process in two sections,
bioreactor section and filtration section. The
bioreactor section in which the organic matter,
ammonia and phosphorous were removed from
sewage was a conventional A2/O process consisting
of a anaerobic tank, a anoxic tank and an aerobic tank
orderly. The filtration section, or the membrane tank,
was where the hollow fiber membrane modules were
installed and SS in the bioreactor section effluent
was filtered out by membrane separation. The solid
concentration was equilibrated between the
bioreactor and the filtration section throughout a
recirculation system with recirculation ratio of
300%~500%. To prevent the membrane modules
from quick fouling, the suction by effluent pumps
was not consistent but interrupted every 10~12
minutes by a relaxation lasting 30~45 seconds.
During the relaxation period, the air scouring
provided by aerating in the membrane tank also
helped physically clean the surface of membrane
modules. The aeration system in both the aerobic
tank and membrane tank were guaranteed by means
of microporous aerator. In addition to online
cleaning, a periodic chemical offline cleaning system
using sodium hypochlorite and citric acid was also
set to guarantee the permeate flux of membrane
modules. Table 3 listed out some important design
parameters of the MBR system. Fig.2 presented the
picture of the full-scale MBR systems.
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TABLE 4
The characteristics of the dual-membrane system feed and designed product waters
designed
acid
fluoride
parameter
unit
product
parameter
unit
wastewater
wastewater
water
pH
2
3
pH
6.5-8.5
CODCr
mg/L
50
50
CODMn
mg/L
5
mg/L
9
20
turbidity
NTU
3
BOD5
total hardness
mg/L
450
SS
mg/L
30
56
(CaCO3)
NH3-N
mg/L
15
40
NH3-N
mg/L
0.5
TP
mg/L
20
45
chloride
mg/L
250
mg/L
5
7
NO3--N
mg/L
10
NO3²N
mg/L
10
40
Fmg/L
1.0
F
TP
mg/L
1.5
1
sulfate
mg/L
250
TDS
mg/L
1200
2400
TDS
mg/L
1000
Cu
mg/L
1.0
Fe
mg/L
0.3

(a)

(b)
FIGURE 2
(a) MBR tank in Xincheng plant; (b) MBR tank
in Meicun (right) Plant
Dual-membrane technology to produce
extreme high quality water for industrial reuse in
WND. Capacity and characteristics of feed and
effluent. Hynix (SKhynix) industry was located in
WND and was one of the largest international
semiconductor manufactures. Two other big water
users are the Shangde Company and the Heated
Power Plant. To develop sustainable water resources
for these major industrial users, two dual-membrane
processes were implemented in the WND beginning

in 2008. One of them, with 30,000 m3/d influent
capacity and a UF-RO system, used the effluent from
Meicun MBR as influent. The other one, discussed
in this paper, used dual-membrane technology as the
main filtration system for the reclamation of the
fluoride-contained
semiconductor
wastewater
generated from Hynix. The semiconductor
wastewater was divided into two streams based on
their differences in water quality. One stream
contained acids with a flow rate at 13,000 m3/d, and
another with a same flow rate was characterized by
the presence of concentrated fluoride up to 40 mg/L.
The goal is to treat the combined industrial
wastewater to produce extremely high quality water
to be reused in WND with a product capacity of
10,000 m3/d. Thus, the confluence of all acid
wastewater combined with 2,000 m3/d of fluoride
wastewater (15,000 m3/d in total) went through the
UF-RO process while the primary effluent of rest
11,000 m3/d of fluoride wastewater was discharged.
The characteristics of the dual-membrane system
feed and designed product water were listed in Table
4.
UF-RO system description. The flowchart of
the treatment process was presented in Fig.3. A
pretreatment process was necessary for the UF-RO
system because the semiconductor wastewater
contained chemicals posing special demands. Before
going into the UF-RO process, the acid wastewater
was treated by clarification and chloridizing
followed by neutralization orderly to remove
ammonia. The dosing of quick lime with flocculation
following and a succeeding clarifier were used as the
pretreatment for fluoride wastewater for preliminary
removal of fluoride. The V-filter was utilized as the
last step of pretreatment for both wastewater. After
pretreatment, part of fluoride wastewater was
discharged and the rest
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parameter
membrane type
permeate flux
designed water
recovery
water production
nominal pore
diameter
Operation pressure

TABLE 5
Summary of the design parameters of UF-RO system
unit
UF
parameter
unit
polyamide
membrane type
L/ (m2·h)
50~125
permeate flux
L/ (m2·h)
90%
designed water
recovery
13,500
water production
m3/d
m3/d
0.025
m
bar

RO
amide
40
75%
13,500

<0.3

FIGURE 3
The flowchart of the treatment process of the semiconductor wastewater

FIGURE 4
The schematic diagram of UF-RO system
was mixed with acid wastewater, forming a
confluence which was then treated by an ozoneactive carbon filter before fed into the UF-RO
system. The ozone-active carbon filter reduced the
content of organic matters in the feed so as to protect
the membranes from frequent fouling. The effluent

from active carbon filter was directly used as the feed
of the UF-RO process.
In the combined UF-RO system, the production
of high quality water with fluoride content below 1.0
mg/L was carried out mainly through RO unit, which
is the core of the desalination process. The UF unit,
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functioned as the pretreatment to RO, rejected
suspended solids, colloids and organics with large
molecule weight, protecting RO membranes and
enhancing its flux as well. In addition to fluoride
removal, the UF-RO process eliminated the organic
matters and reduced TDS as well. The UF unit was
operated in 6 trains with capacity of 120 m3/h for
each train and 17280 m3/d in total ˈ yielding a
product water recovery of 90%. The operating
pressure was 0.3 bar and feed temperature was 5-40
ć. The permeate water of UF was then used as the
feed of RO after dosed reducing agents(NaHSO3)
and scaling inhibitors(MDC151) and filtered by a 5ȝPFDUWULGJHILOWHU2SHUDWed in 8 trains, the RO unit
yielded 10,000 m3/d of pure water in total along with
4,285 m3/d of concentrated water with a design water
recovery of 70%. The RO unit was operated in twostage which meant the concentrated water of the first
stage was the feed to the next RO in series. The RO
product water was then been reuse in Hynix. The
concentrated water from RO process was treated to
meet the 1-A discharge standard before charged
together with the effluent of Meicun plant. Table 5
was the summary of the design parameters of UF-RO
system and its schematic diagram was in fig. 4. Fig.
5 showed the pictures of UF unit and RO unit.

(a)

(b)
FIGURE 5
(a) UF unit in Hynix plant; (b) RO unit in Hynix
plant

RESULTS AND DISCUSSION
MBR plants performance. The phased
construction of MBR systems in Xincheng and
Meicun plants started in 2009, and Shuofang in 2012.
From 2012, all three MBR systems have been
operating in their full capacities (Table 1) to now.
The time-series for effluent quality characteristics
(COD, SS, TN, and TP) of three MBR plants from
2013 to 2014 were shown in Fig.6.

FIGURE 6
Time series for effluent quality characteristics of
three MBR plants in 2013 and 2014
The results showed great MBR performance in
three plants. The effluent COD, TN and TP in three
plants reached the quality requirement for reuse. In
2013-2014, the effluent concentrations at Xincheng
for CODCr ranged from 7.9-38.5 mg/L, with an
average of 20.8 mg/L; the TN concentration ranged
from 1.85-14.70 mg/L, averaging 8.82 mg/L; TP
ranged from 0.02-0.47mg/L with an average of 0.20
PJ/ 0HLFXQ¶V &2' UDQJHG IURP -31.1 mg/L,
with a mean of 17.60 mg/L; TP ranged from 0.010.42 mg/L with an average of 0.10 mg/L; TN ranged
from 3.14-14.60 mg/L with an average of 10.2 mg/L.
6KXRIDQJ¶V&2'UDQJHGIURP-28.5 mg/L with an
average of 18.3 mg/L; TP ranged from 0.01-0.48
mg/L, averaging 0.10 mg/L; and TN ranged from
1.26-14.20 mg/L with a mean of 6.39 mg/L. All SS
concentrations of the 2,190 records were 0.00 mg/L
(below detection limit of 0.01 mg/L)in the three
MBR plants due to membrane filtration. NH3-N
concentrations were all less than 3.0 mg/L. Some of
the treated MBR system effluents was used for
recharging rivers to reduce pollution in the Yangtze
River Delta, some for irrigation, some for industrial
use, and some was used as the influent for a dualmembrane system to get the highest quality water for
direct non-potable industrial reuse.
UF-RO plant performance. Fluoride
removal efficiency. The fluoride concentration of
the feed and permeate from RO unit were monitored
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on a daily basis for continuous 130 days, as reflected
in fig. 6. After pretreatment process including dosing
quick lime and ultrafiltration, the feed into RO unit
contained fluoride with concentration ranging from
4.27~10.74 mg/L, averaging 6.78 mg/L. Despite the
fluctuation of feed fluoride, the fluoride
concentration in RO permeate was less than 1 mg/L.
The water recovery and fluoride rejection were
presented in fig. 8. A fluoride rejection of 90% was
achieved while the RO recovery was between 60%
and 75%.

temperature rise gradually from 23 ć to 29 ć, the
permeate fluoride went up from 0.25 mg/L to 1.0
mg/L. During day 43 to day 60, the feed temperature
experienced a temporary decline while a similar
trend was observed for the permeate fluoride.
Permeate water quality. Besides fluoride
content, the concentration of other contaminants,
especially TDS, were also limited for the effluent to
be reused as industrial water. In addition to fluoride
removal, RO unit also showed efficiency in the
treatment of other contaminants. Table 6 listed out
the water quality test results of RO permeate.

FIGURE 7
Feed and permeate fluoride of RO unit for
continuous 130 days

FIGURE 8
RO recovery and fluoride rejection for
continuous 130 days
Typically, RO plants are operated at constant
permeate flux, and the permeate salinity varies
proportionally with temperature [6]. In this case, the
RO trains were operated at constant permeate flux at
approximately 40/Lgm2. The feed temperature and
permeate fluoride from one RO train were analyzed
every other day from January to July in 2014. As can
be seen in fig. 9, the trend of feed temperature
overlapped with that of permeate fluoride, revealing
a significant positive correlation between feed
temperature and permeate fluoride. When the feed

FIGURE 9
Feed temperature and permeate fluoride of
one RO train from January to July, 2014
The permeate contained only 1.7 mg/L TOC when
the CODCr value of the RO feed ranged from
12.0~38.8 mg/L with an average of 25.2 mg/L,
showing an average organic matter rejection of 93%.
An effluent total hardness(as CaCO3) content of 12.6
mg/L was achieved with that of UF feed ranging
from 631.6 mg/L to 323.0 mg/L and averaged 426.5
mg/L, revealing a total hardness removal of 97% in
average. The value of NTU,TDS and concentration
of chloride, sulfate, Cu and Fe were all far below the
reuse standards (Table 4). The test results
demonstrated that the UF-RO system was effective
on desalination and organic matter removal,
resulting in high quality permeate that can be
recycled for industrial use. The permeate was sent to
Hynix Company, Shangde Company, Heated Power
Plant, and the ecological park in WND.
Concentrate disposal. Concentrate disposal
was inevitable in the design of any sort of membrane
separation treatment technology. In this case, the RO
unit generated 4,500m3 concentrate each day. With
recovery between 60% and 75% and fluoride
rejection of 90%, the fluoride concentration in RO
concentrate reached 18.8 mg/L. The concentrate also
contained 29.1 mg/L of NH 3-N and
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test items
total coliforms
As
Cd
Cr6+
Hg
Se
cyanide
fluoride
NO3--N,
CHCl3
CCl4
Color
turbidity
Fe
Mn
Cu
Zn
chloride
sulfate
TDS
total hardness(CaCO3)
CODMn
TOC,

TABLE 6
Water quality test results of RO permeate
unit
test results
MPN/100mL
absence
mg/L
absence(<0.0001)
mg/L
absence(<0.0001)
mg/L
absence(<0.004)
mg/L
0.00040
mg/L
Absence(<0.0001)
mg/L
Absence(<0.001)
mg/L
0.65
mg/L
0.48
mg/L
0.00064
mg/L
Absence(<0.00021)
mg/L
<5
NTU
<0.5
mg/L
Absence(<0.00045)
mg/L
0.0007
mg/L
Absence(<0.009)
mg/L
0.014
mg/L
27.0
mg/L
15.2
mg/L
84
mg/L
12.6
mg/L
0.96
mg/L
1.7

61.4 mg/L of CODCr. The concentrate ratio of
fluoride, NH3-N and CODCr was 2.8, 3.4 and 2.4
respectively. The concentrate was blended with the
backwash effluent from pretreatment units and UF
unit (2,900 m3/d in total) and the 7,400 m3/d of
confluence was treated by lime dosing, clarification
and cloth-media filtration and have met the 1-A
discharge standard before discharged together with
Meicun MBR effluent.
Sustainable water resource reuse system.
After ten years of operating and improving the
management at WND, a sustainable water resource
reuse system has been successfully implemented in
WND. The general map of water, wastewater, treated
water (discharge), reclaimed water (high quality
water) in WND is shown in Fig. 10.

FIGURE 10
The general map of sustainable water resources
in WND

WTP: Water Treatment Plant; WWTP: Waste
Water Treatment Plant
The membrane technologies used in the WND
system not only produce large amounts of high
quality water for reuse, but also greatly reduce the
treated wastewater discharge to the local receiving
body at Taihu Lake Basin, and the Yangtze River
Delta area. In addition, the Ecological Park in WND
is gradually improving and considered by many to be
a beautiful water resource even though its water
supply inflow rate was not augmented. About 70%
of the wastewater in WND has been reused in these
various beneficial uses.

CONCLUSIONS
Three full-scale aerobic MBRs were implement
in Xincheng, Meicun and Shuofang WWTP. The
results of time series for effluent quality
characteristics of three MBR plants in two-year
operation showed good MBR performance on SS,
CODCr, TN and TP removal. The membrane
filtration guaranteed that the SS in all three effluents
were zero (below detection limit of 0.01 mg/L). The
average concentrations of effluent CODCr, TN and
TP were 20.8 mg/L, 8.82 mg/L, 0.20 mg/L
respectively, showing that the effluents meet the
national 1-A discharge standard (GB18918-2002).
Part of MBR effluents was sent to another UF-RO
plants while the rest were discharged into local
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rivers.
In the Hynix UF-RO plant, fluorite-containing
semiconductor wastewater was treated for reuse at
production capacity of 10,000 m3/d. Pretreatment
process including dosing quick lime, clarification,
cloth-media filtration and ultrafiltration was used.
The fluoride concentration in RO permeates was less
than 1.0 mg/L while the average concentration in RO
feed was 5.0 mg/L, revealing a fluoride rejection
over 90% with water recovery around 70%. During
a continuous half-year operation from January to
July, the permeate fluoride rise with the feed
temperature., proving a positive correlation between
feed temperature and permeate fluoride. The TDS
and concentration of other ions in output water all
meet the reuse requirements. The high quality
reclaimed water was reused in industrial companies,
heated power plant and ecological park.
With membrane technologies applied, a
sustainable water resource reuse system has been
successfully implemented in WND. The membrane
technologies used in the WND system not only
produce large amounts of high quality water for
reuse, but also greatly reduce the treated wastewater
discharge to the local receiving body at Taihu Lake
Basin, and the Yangtze River Delta area.

removal from water by MHS-MgO/MgCO(3)
adsorbent: kinetic, thermodynamic and
mechanism studies. J Colloid Interface Sci, 446:
194-202.
[5] Du J, Sabatini D A, Butler E C. (2014)Synthesis,
characterization, and evaluation of simple
aluminum-based adsorbents for fluoride
removal from drinking water. Chemosphere,
101: 21-7.
[6] Greenlee L F, Lawler D F, Freeman B D, Marrot
B, Moulin P. (2009)Reverse osmosis desalination: Water sources, technology, and today's
challenges. Water Research, 43(9): 2317-2348.

Received:
Accepted:

17.11.2015
11.03.2016

CORRESPONDING AUTHOR
Prof. Siqing Xia
College of Environmental Science and Engineering,
Tongji University

ACKNOWLEDGEMENTS
email:
The authors sincerely thank the National
Science
&
Technology
Pillar
Program
(2013BAD21B03), The National High Technology
Research and Development Program of China (863
Program, 2009AA062902), National Water
Pollution Control Program (2009ZX07317-008-5),
and 1st World Membrane Bioreactor Centre for their
support.

REFERENCES
[1] 1GLD\H3,0RXOLQ3'RPLQJXH]/0LOOHW-&
&KDUELW )  5HPRYDO RI IOXRULGH IURP
HOHFWURQLF LQGXVWULDO HIIOXHQWE\ 52 PHPEUDQH
VHSDUDWLRQ'HVDOLQDWLRQ  
[2] Wang B Y, Chen Z L, Zhu J, Shen J M, Han Y.
(2013) Pilot-scale fluoride-containing wastewater treatment by the ballasted flocculation
process. Water Sci Technol, 68(1): 134-43.
[3] Srivastav A L, Singh P K, Srivastava V, Sharma
Y C. (2013)Application of a new adsorbent for
fluoride removal from aqueous solutions. J
Hazard Mater, 263 Pt 2: 342-52.
[4] Zhang K, Wu S, Wang X, He J, Sun B, Jia Y,
Luo T, Meng F, Jin Z, Lin D, Shen W, Kong L,
Liu J. (2015)Wide pH range for fluoride

1799

siqingxia@tongji.edu.cn

© by PSP

Volume 26 ± No. 2a/2017, pages 1800-1805

Fresenius Environmental Bulletin

OCCURRENCE AND ENVIRONMENTAL RISK
$66(660(172)ȕ-BLOCKERS IN URBAN WASTEWATER
6HQDU$\GLQ0HKPHW(PLQ$\GLQ$U]X7HNLQD\*+DYYD.LOLF
1HFPHWWLQ(UEDNDQ8QLYHUVLW\(QYLURQPHQWDO(QJLQHHULQJ'HSDUWPHQW.RQ\D7XUNH\

consumption of sotalol (STL) was 800 kg, atenolol
(ATE) was 3200 kg, PRO was 800 kg in Switzerland
in 2004. The usage of ATE, metoprolol (MET), STL
was determined as 865 kg/year, 5340 kg/year, 610
kg/year respectively in Finland [4]. ȕ-blockers were
consumed 100-250 tons in Germany per year [5].
The main resources of ȕ-blockers in environment are
metabolic waste of patients to sewerage system.
These compounds show low removal during
conventional wastewater treatment processes due to
the physico-chemical properties. For example, Vieno
et al. (2006) found that the removal of ȕ-blocker in
wastewater treatment plants was between 45-92%
for ATE, 59-75% for STL, 0-26% for MET. Lee et
al. [6] also determined removal efficiencies 10% for
ATE, 15% for STL, 9% for MET, 12% for PRO. ȕblockers are discharged into receiving waters due to
an incomplete removal in wastewater treatment
plants. They have been detected in surface water,
drinking water and ground water at ng/L and μg/L
levels. Sacher et al. (2001) determined STL in
ground water as 560 ng/L. PRO was determined as
10-590 μg/L in surface water [8]. Nödler et al. (2013)
reported that ATE was determined as 590 ng/L, 64
ng/L, 4.8 ng/L in raw wastewater, surface water,
ground water, respectively. MET was determined as
4340 ng/L in raw wastewater, 563 ng/L in surface
water. STL was determined as 6010 ng/L in raw
wastewater, 103 ng/L in surface water. ȕ- blockers
may have potential toxic effects on aquatic
organisms, they affect biological functions such as
reproduction. The growth rates of Japanese medaka
reduced because of exposure to 500 μg/L of PRO. It
was observed that exposure to 0.5-1μg/L of PRO
decreased egg production of fish [10-11].
The used method for analysis of ȕ- blockers
should be fast, sensitive and low cost because of the
low concentrations and the complicated matrices
(i.e., wastewater). HPLC-MS/MS is suitable for
analysis of ȕ-blockers. Solid-phase extraction (SPE)
using Oasis HLB cartridge is usually used for
extraction of ȕ-blockers from water samples [12].
&KURPDWRJUDSKLF DQDO\VLV RI ȕEORFNHUV KDV EHHQ
FDUULHG RXW XVLQJ & RU & FROXPQV [13],Q WKLs
work, the analytical methods optimization for
analysis of ȕ-blockers including MET, PRO, ATE,
STL, TML in urban wastewater were carried out in
the first phase. In the second phase, the presence of
the ȕ-blocker compounds in urban wastewater

ABSTRACT
In this study, the analytical method
optimization for analysis of ȕ-blockers including
metoprolol (MET), propranolol (PRO), atenolol
(ATE), sotalol (STL), timolol (TML) in wastewater
were carried out. The effect of various parameters
such as sample volume, pH, concentration, matrix
and pre-treatment procedure was studied in order to
find out the optimum conditions for their
determination in SPE system. The presence of the
compounds in Konya urban wastewater treatment
plant influent and effluent samples was investigated
and the eco-toxicological risk assessment was
carried out. The extraction of the samples was
performed with SPE system using Oasis HLB
cartridges. The concentrations of the target
compounds were determined using a liquid
chromatograph equipped with MS-MS detector.
STL, ATE, MET, PRO, TML were determined in the
range of 43.5-468, 278-465, 28.3-92, <dl-18, 58-86
ng/L in influent wastewater samples while STL,
ATE, MET, PRO were determined as 30.4-44, 163276, 81.8-136, 3.3-34 ng/L in effluent samples,
respectively. TML compound was not detected in
effluent samples. The hazard quotient (HQ) for
determined ȕ-blocker compounds were calculated
according to EU guidelines. PNEC values were
derived from the available aquatic toxicity data using
three different species (algae, crustaceans and fish)
from different tropic levels. The HQ values for MET,
PRO, STL and ATE compounds were determined
below 0.1 which means insignificant risk to aquatic
organisms.

KEYWORDS:
ȕ-blockers,
HPLC-MS/MS,
environmental risk.

SPE,

wastewater,

INTRODUCTION
ȕ-blockers are usually used for hypertension,
cardiac dysfunction and angina, anxietyareone. They
are one of the most widely used pharmaceuticals all
over the world [1]. For example, usage of
propranolol (PRO) reached over 35 tons in France at
1999 [2]. Maurer et al.(2007) reported that
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'DUPVWDGW*HUPDQ\ 

treatment plant influent and effluent samples was
investigated and the eco-toxicological risk
assessment was also carried out.

:DVWHZDWHU 6DPSOHV ,QIOXHQW DQG HIIOXHQW
VDPSOHV ZHUH WDNHQ IURP XUEDQ ZDVWHZDWHU
WUHDWPHQWSODQW ::73 LQ.RQ\D7XUNH\.RQ\D
XUEDQ::73LVVHUYLQJSRSXODWLRQDQG
FRQVLVWV RI VFUHHQV DHUDWHG JULW DQG JUHDVH WDQNV
SULPDU\FODULILHUVDHUDWLRQWDQNVILQDOVHGLPHQWDWLRQ
WDQNV VOXGJH WKLFNHQHUV DQDHURELF GLJHVWHUV
XOWUDYLROHW GLVLQIHFWLRQ XQLWV 6DOW /DNH ORFDWHG LQ
.RQ\DFORVHGEDVLQLVWKHVHFRQGODUJHVWODNHLQWKH
FRXQWU\ DQG LV WKH WKLUG VDOWLHVW ODNH LQ WKH ZRUOG
:DVWHZDWHU RI .RQ\D LV FROOHFWHG LQ D FRPELQHG
VHZHU V\VWHP IURP UHVLGHQWLDO DQG LQGXVWULDO DUHDV
DQGLVGLVFKDUJHGWR.RQ\D0DLQ'UDLQDJH&KDQQHO
,QIOXHQWV DQG HIIOXHQWV VDPSOHV ZHUH WDNHQ DV K
FRPSRVLWH VDPSOHV 7KH VDPSOLQJ ZDV SHUIRUPHG
DFFRUGLQJ WR VWDQGDUG PHWKRGV $OO VDPSOHV ZHUH
FROOHFWHG IUHH RI DLU EXEEOHV LQ  / JODVV DPEHU
ERWWOHVDQGVWRUHGLQWKHGDUNDW R&XQWLODQDO\VLV
:DVWHZDWHU VDPSOHV ILOWHUHG WKURXJK  P *))
IROORZHG  ȝP Q\ORQ PHPEUDQH ILOWHU  0
1D('7$ZDVDGGHGWRWKHVDPSOHV

0$7(5,$/6$1'0(7+2'6
3KDUPDFHXWLFDO 6WDQGDUGV DQG 5HDJHQWV
All reagents used in this study were of analytical
grade. $7( 67/ 70/ VWDQGDUGV ZHUH SXUFKDVHG
IURP 6LJPD Munich, Germany  DQG 0(7 352
VWDQGDUGV ZHUH SXUFKDVHG IURP )OXND Munich,
Germany) 6WRFN VROXWLRQV RI WKH VWDQGDUGV ZHUH
SUHSDUHG LQ PHWKDQRO DW FRQFHQWUDWLRQ RI 
PJP/ DQG VWRUHG DW  R&  +3/& JUDGH
DFHWRQLWULOH $&1  PHWKDQRO K\GURFKORULF DFLG
 IRUPLFDFLG  1D('7$ZHUHVXSSOLHG
IURP 0HUFN 'DUPVWDGW *HUPDQ\  *ODVV ILEHU
ILOWHUV  *))   P  ZHUH REWDLQHG IURP
:KDWPDQ Q\ORQ PHPEUDQH ILOWHUV ZHUH REWDLQHG
IURP 6DUWRULXV *|WWLQJHQ *HUPDQ\  2DVLV +/%
FDUWULGJHV PJP/ ZHUHREWDLQHGIURP:DWHUV
&RUSRUDWLRQ 'HLRQL]HG ZDWHU ZDV SXULILHG ZLWK
0LOOLSRUH 0LOOL4 3OXV ZDWHU SXULILFDWLRQ V\VWHP

(a)

(b)

(c)

(d)

(e)
),*85(
7KHUHFRYHU\YDOXHVRI63(2SWLPL]DWLRQ D S+HIIHFW E VDPSOHYROXPHHIIHFW F GLIIHUHQW
FRQFHQWUDWLRQHIIHFW G ILOWUDWLRQHIIHFW H PDWUL[HIIHFW
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LW ZDV KHOG FRQVWDQW DW  IRU  PLQ &ROXPQ
WHPSHUDWXUHZDV&DQGWKHLQMHFWLRQYROXPHZDV
 / )ORZ UDWH RI PRELOH SKDVH ZDV  P/PLQ
/2' /24 DQG 5 ZHUH GHWHUPLQHG EHWZHHQ
 J/  J/ 
UHVSHFWLYHO\

2SWLPL]DWLRQ RI WKH 63( 3URFHGXUH 7KH
H[WUDFWLRQRIWKHZDVWHZDWHUVDPSOHVZDVSHUIRUPHG
ZLWK 63( V\VWHP XVLQJ 2DVLV +/% FDUWULGJH 7KH
63(SURFHGXUHZDVGHYHORSHGDQGRSWLPL]HGXVLQJ
GHLRQL]HGZDWHUVSLNHGZLWKȕEORFNHUFRPSRXQGV
7R RSWLPL]H WKH H[WUDFWLRQ PHWKRG HIIHFW RI S+
VDPSOH YROXPH ILOWUDWLRQ WKH FRQFHQWUDWLRQ RI WKH
DQDO\WH PDWUL[ ZHUH LQYHVWLJDWHG 2DVLV +/%
FDUWULGJH ZDV VHOHFWHG EHFDXVH RI SURSHUWLHV ZKLFK
SURYLGHVWKHEHVWFRQGLWLRQVLQZLGHUDQJHRISRODULW\
DQG LW KDV EHHQ ZLGHO\ XVHG IRU WKH DQDO\VLV RI
SKDUPDFHXWLFDOVLQOLWHUDWXUH>@S+YDOXHRIWKH
P/ ZDWHU VDPSOH IRUWLILHG ZLWK  QJ/ RI ȕ
EORFNHU FRPSRXQGV ZDV DGMXVWHG   DQG 
ZLWK+&ORU1D2+7KHFDUWULGJH ZDVVHTXHQWLDOO\
FRQGLWLRQHGZLWK[P/PHWKDQRODQG[P/
GHLRQL]HGZDWHUKDYLQJDS+VLPLODUWRWKHVDPSOH
7KHZDWHUVDPSOHZDVSDVVHGWKURXJKWKHFDUWULGJH
DWP/PLQDIORZUDWHWKHQFDUWULGJHZDVFOHDQHG
ZLWK[ P/ GHLRQL]HG ZDWHUDQGGULHG ZLWKDLU
XQGHUYDFXXPGXULQJPLQXWH7KHQWKHFDUWULGJH
ZDVHOXWHGZLWKîP/RIPHWKDQRODWP/PLQ
([WUDFWZDVHYDSRUDWHGXQWLODOPRVWGU\QHVVDQGUH
FRQVWLWXWHG ZLWK  P/ RI PHWKDQROZDWHU 
YY  7KLV SURFHGXUH ZDV DSSOLHG DOO 63(
H[SHULPHQWV )RU RSWLPL]DWLRQ VDPSOH YROXPH 
P/ DQG  P/ RI VDPSOH ZDV WHVWHG  ȕEORFNHUV
ZHUH VSLNHGDW QJ/FRQFHQWUDWLRQLQP/
DQGP/GHLRQL]HGZDWHUVDPSOHVDWS+DQG
H[WUDFWHG DFFRUGLQJ WR WKH 63( SURFHGXUH 7R
GHWHUPLQHHIIHFWRIILOWUDWLRQȕEORFNHUVZHUHVSLNHG
ZLWKQJ/LQP/GHLRQL]HGZDWHUVDPSOHV
DWS+7KHVDPSOHVZHUHILOWHUHGWKURXJKP
*)) DQG  P WKHQ H[WUDFWHG DFFRUGLQJ WR WKH
63(SURFHGXUH7KHHIILFLHQF\RIH[WUDFWLRQIRUWKH
GLIIHUHQWFRQFHQWUDWLRQOHYHORIWKHFRPSRXQGVZDV
HYDOXDWHGȕEORFNHUVZHUHVSLNHGDWQJ/
QJ/QJ/LQP/GHLRQL]HGZDWHUVDPSOHV
DW S+  WKHQ H[WUDFWHG DFFRUGLQJ WR WKH 63(
SURFHGXUH)LQDOO\PDWUL[HIIHFWWHVWHGZLWKLQIOXHQW
DQGHIIOXHQWVDPSOHVZKLFKDGMXVWHGS+DQGVSLNHG
DWQJ/7KHVDPSOHVZHUHILOWHUHGP*))
IROORZHG E\  P Q\ORQ PHPEUDQH ILOWHUV WKHQ
H[WUDFWHGDFFRUGLQJWRWKH63(SURFHGXUH

(QYLURQPHQWDO
5LVN
$VVHVVPHQW
(QYLURQPHQWDO ULVN DVVHVVPHQW DUH UHFRPPHQGHG
EHFDXVHRISKDUPDFHXWLFDOVKDYHDQHJDWLYHHIIHFWRQ
DTXDWLFRUJDQLVPVDQGKXPDQKHDOWK7R[LFRORJLFDO
ULVNOHYHOFDQEHPHDVXUHGZLWKWKHKD]DUGTXRWLHQW
+4 PHWKRG+4YDOXHZDVGHWHUPLQHGDVUDWLRRI
PHDVXUHGHQYLURQPHQWDOFRQFHQWUDWLRQ 0(& ZLWK
3UHGLFWHG1R(IIHFW&RQFHQWUDWLRQ 31(& $TXDWLF
WR[LFLW\GDWDRIWKUHHGLIIHUHQWVSHFLHVIURPGLIIHUHQW
WURSKLF OHYHOV WKDW UHSUHVHQW WKH DTXDWLF HFRV\VWHP
DUHXVHGWRREWDLQ31(&YDOXHV>@31(&YDOXHV
ZHUH HVWLPDWHG IRU ILVK 'DSKQLD PDJQD DQG DOJDH
IURP GDWD JLYHQ LQ WKH OLWHUDWXUH RQ DFXWH WR[LFLW\
6SHFLILFDOO\ HIIHFWLYH FRQFHQWUDWLRQ (&  YDOXHV
ZHUH GLYLGHG E\ DQ DVVHVVPHQW IDFWRU   DQG
31(&YDOXHVZHUHREWDLQHG[14]7KHXVHRIFKURQLF
WR[LFLW\ IRU WKH FDOFXODWLRQ RI WKH 31(& LV
UHFRPPHQGHG E\ (XURSHDQ JXLGHOLQHV EHFDXVH
SKDUPDFHXWLFDO VKRZV FKURQLF HIIHFWV UDWKHU WKDQ
DFXWHHIIHFW+RZHYHUXVXDOO\(&YDOXHVDUHXVHG
WR FDOFXODWH 31(& GXH WR WKH OLPLWHG RI FKURQLF
WR[LFLW\GDWD>@+4YDOXHVEHORZPHDQVWKHUH
LV QR DGYHUVH HIIHFW LQ DQRWKHU ZRUGV SRVH
LQVLJQLILFDQW ULVN +4 YDOXHV EHWZHHQ  DQG 
PHDQVWKHULVNLVORZ+4YDOXHVEHWZHHQDQG
PHDQVWKHULVNLVPRGHUDWHDQG+4YDOXHVDERYH
WKDQWKHULVNLVKLJK>@
5(68/76$1'',6&866,21
)LJXUH  D  VKRZV WKH UHFRYHULHV RI ȕEORFNHU
REWDLQHGIRUGLIIHUHQWS+YDOXHV7KHUHFRYHULHVIRU
S+ZHUHEHWZHHQDQG 6' 
DQG 6' DQG 6' 
UHVSHFWLYHO\$7(DQG67/ZHUHSRRUO\UHFRYHUHGDW
ORZS+  7KH\FRXOGEHUHFRYHUHGDWIDLUO\KLJK
\LHOG DW S+  DQG S+  6LQFH WKHUH LV QR
VLJQLILFDQWO\ GLIIHUHQFH EHWZHHQ DW S+  DQG S+
IXUWKHUZRUNZDVSHUIRUPHGDWS+1LNRODLHW
DO   IRXQG DFLGLILFDWLRQ FDQ LQFUHDVH PDWUL[
HIIHFWV E\ LQFUHDVLQJ WKH DPRXQW RI FRH[WUDFWHG
GLVVROYHG RUJDQLF FDUERQ their study and they
worked at pH 7. S.D YDOXHV RI LQYHVWLJDWHG ȕ
EORFNHUVDUHEHWZHHQDQGDQGWKH\KDYHZHDN
EDVHV SURSHUWLHV 8QFKDUJHG FRPSRXQGV DUH PRUH
UHDGLO\ DGVRUEHG WR WKH FDUWULGJH DW KLJKHU S+
FRQGLWLRQV &RPPHUFLDOO\ DYDLODEOH 2DVLV +/%
SRO\PHULF VRUEHQW KDV OLSRSKLOLF GLYLQ\O EHQ]HQH
XQLWVDQGPRUH

$QDO\WLFDO 0HWKRG $QDO\VLV ZDV SHUIRUPHG
XVLQJ $JLOHQW  +3/& HTXLSSHG ZLWK $JLOHQW
3RURVKHOO  (&& [ PP  P 
FROXPQV +3/&0606 V\VWHP ZDV RSHUDWHG
SRVLWLYH DQG QHJDWLYH LRQ PRGH HOHFWURVSUD\
LRQL]DWLRQ (6,  3UHFXUVRU LRQV ZHUH GHWHFWHG 
IRU67/IRU$7(IRU70/IRU0(7
IRU352'LIIHUHQWPRELOHSKDVHZDVWHVWHGDQG
WKHELQDU\PRELOHSKDVHZDVVHOHFWHGHOXHQW$ 
IRUPLF DFLG LQ GHLRQL]HG ZDWHU  DQG HOXHQW %
PHWKDQRO 7KHJUDGLHQWSURJUDPEHJDQZLWKDKROG
IRUPLQDWRI$DQG%IROORZHGE\D
PLQJUDGLHQWWRRIWKHQDPLQJUDGLHQWWR
DQGDIXUWKHUPLQJUDGLHQWWRRIHOXHQW%DQG
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TABLE 1
The concentration of beta-blockers determined in influent and effluent wastewater samples (ng/L)
6DPSOLQJ
::73
$7(
0(7
352
67/
70/
,QIOXHQW




GO
-XO\
(IIOXHQW




GO
,QIOXHQW
424
39.7
<dl
81
GO
$XJXVW
(IIOXHQW
163
86.7
3.3
30.3
GO
,QIOXHQW


GO


6HSWHPEHU
(IIOXHQW




GO
,QIOXHQW
465
35.4
<dl
43.5
86.3
2FWREHU
(IIOXHQW
270
81.8
8.9
39.8
<dl
<dl = < dedection limit
 6'  IRUVSLNHGWR GHLRQL]HG ZDWHU
 6' IRULQIOXHQWDQG 6' IRU
HIIOXHQW )LJXUH H 1HJDWLYHHIIHFWGXHWRPDWUL[
DQGSUHWUHDWPHQWRIVDPSOHZDVQRWGHWHUPLQHGRQ
63( 7KH ILQDO RSWLPL]HG H[WUDFWLRQ PHWKRG ZDV
GHWHUPLQHGDVVDPSOHYROXPHP/S+RIVDPSOH
DGYHUVHHIIHFWGXHWRILOWUDWLRQGLIIHUHQWDQDO\WH
FRQFHQWUDWLRQ DQG PDWUL[ ZDV QRW REVHUYHG RQ
H[WUDFWLRQ PHWKRG The concentrations of target
compounds determined in wastewater treatment
plant influent and effluent samples are given in Table
1. ȕ-blockers were detected between <dl-468 ng/L in
influent and <dl- 276 ng/L in effluent. $7( 0(7
35267/DQG70/ZDVGHWHUPLQHGLQWKHEHWZHHQ
  GO  GO QJ/ LQ
LQIOXHQW VDPSOHV UHVSHFWLYHO\  70/ ZDV QRW
GHWHFWHGLQHIIOXHQW $7(0(7352DQG67/ZHUH
GHWHUPLQHGLQWKHUDQJHRI
 QJ/ UHVSHFWLYHO\ STL compound was
obtained as the highest concentration in influent
water in four sampling periods. $7( FRPSRXQG
GHWHUPLQHG DW KLJK OHYHO LQ HIIOXHQW 352 ZDV
GHWHFWHG LQ DOO HIIOXHQW VDPSOHV KRZHYHU LW ZDV
GHWHFWHGRQO\RQHVDPSOHWDNHQ-XO\LQ LQIOXHQW352
ZDVGHWHFWHGDVWKHORZHVWFRQFHQWUDWLRQ LQLQIOXHQW
70/ZDVGHWHFWHGRQO\WZRLQIOXHQWVDPSOHVLWZDV
QRWIRXQGLQHIIOXHQWVDPSOHV 0DXUHUHWDO(2007)
PHDVXUHG$7(0(735267/LQLQIOXHQWVDPSOHV
DW FRQFHQWUDWLRQ RI  QJ/  QJ/  QJ/
 QJ/ UHVSHFWLYHO\ DQG LQ HIIOXHQW VDPSOHV DW
FRQFHQWUDWLRQRIQJ/QJ/QJ/
QJ/ UHVSHFWLYHO\ $QGUHR]]L HW DO  
GHWHUPLQHG 0(7 DQG 352 LQ HIIOXHQW VDPSOHV DW
FRQFHQWUDWLRQRIQJ/DQGQJ/UHVSHFWLYHO\
70/ ZDVGHWHFWHG QJ/LQLQIOXHQWDQGGO
QJ/LQHIIOXHQW>@352ZDVGHWHFWHGGOLQ
LQIOXHQW DQG  QJ/ LQ HIIOXHQW >@ %HQG] HW DO
  GHWHUPLQHG$7( 0(7 352 LQIOXHQW DW 
QJ/QJ/QJ/DQGHIIOXHQW DWQJ/
QJ/DQGQJ/UHVSHFWLYHO\&RQFHQWUDWLRQRI
67/ LQ HIIOXHQW LQ RXU VWXG\ LV WKH KLJKHU WKDQ
GHWHFWHG FRQFHQWUDWLRQ RI OLWHUDWXUH 7KH UHDVRQ RI
WKLV FDQ EH DSSOLHG WUHDWPHQW SURFHVVHV Table 2
shows calculated HQ values in this study. HQ values
were calculated using determined concentration DQG
ZDV DOO RI WKHP ZHUH IRXQG ORZHU WKDQ 
$FFRUGLQJ WR WKH UHVXOWV DOO ȕEORFNHUV VKRZ

TABLE 2
HQ values obtained with MEC/PNEC
HQ (MEC/PNEC)
Beta
Daphnia
Blockers
Algae
Fish
magna
0.0020.0050.0003ATE
0.003
0.008
0.0004
0.00060.0090.011MET
0.001
0.015
0.018
0.0030.0040.005PRO
0.028
0.042
0.042
0.0001n.d
n.d
STL
0.0001
n.d
n.d
n.d
TML
QGQRWGHWHUPLQHG
K\GURSKLOLF 1YLQ\OS\UUROLGRQH XQLWV +LJKHU
UHFRYHULHVZHUHREWDLQHGZLWK2DVLV+/%VRUEHQWDW
EDVLF FRQGLWLRQV FRPSDULQJ DFLGLF FRQGLWLRQV >@
7KHUHFRYHU\YDOXHVIRUGLIIHUHQWVDPSOHYROXPHDUH
JLYHQ DW )LJXUH  E  7KH UHVXOWV KDYH VKRZQ WKDW
UHFRYHULHVRIȕEORFNHUVZHUHFKDQJHGIURPWR
 6' ZKHQVDPSOHYROXPHZDVP/DQG
FKDQJHGIURPWR 6' ZKHQVDPSOH
YROXPHZDVP/Therefore, 100 mL was chosen
as sample volume. Large sample volumes lead to
desorption of the compounds because of extend the
analysis process. Also matrix effects were less in
small sample volumes. The effects of analyte
concentration on extraction are given in Figure 1(c).
Recoveries of ȕ- blockers were obtained between 8499% (SD < 4) for 100 ng/L spike concentration, 88104% (SD < 4) for 1000 ng/L spike concentration,
88-99% (SD < 4) for 2000 ng/L spike concentration.
The recoveries at three different fortification levels
were not significantly different (p > 0.05). Figure
1(d) shows sample pre-treatment (filtration) effects
on extraction. Recoveries were between 88% and
99% (SD < 4) without filtration. Sample recoveries
were between 84% and 105% (SD < 5) for samples
filtered using nylon membrane filters with a 0.45 μm
pore diameter. Sample recoveries filtrated using GFF
with a 1.2 μm pore diameter were between 86% and
102% (SD < 5). 7RHYDOXDWHWKHPDWUL[HIIHFWRQ63(
PHWKRG LQIOXHQW DQG HIIOXHQW VDPSOHV ZHUH XVHG
7KH UHFRYHU\ YDOXHV ZHUH REWDLQHG EHWZHHQ 
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LQVLJQLILFDQWULVNIRUDTXDWLFHQYLURQPHQW0HQGR]D
HW DO   LQYHVWLJDWHG SUHVHQFH RI WZHQW\ILYH
SKDUPDFHXWLFDO FRPSRXQGV EHORQJLQJ WR VHYHQ
GLIIHUHQW WKHUDSHXWLF JURXSV DQG WKH\ FDUULHG RXW
HQYLURQPHQWDOULVNDVVHVVPHQW$7(ZDVGHWHFWHGDW
WKH KLJKHVW FRQFHQWUDWLRQ PHDQ YDOXH  QJ/ 
DQG 0(7 ZDV GHWHFWHG DW WKH ORZHVW FRQFHQWUDWLRQ
PHDQ YDOXH  QJ/  352 VKRZHG D +4 KLJKHU
WKDQZKLFKPHDQVKLJKULVNWRDTXDWLFRUJDQLVPV
+4YDOXHIRU$7(ZDVIRXQGEHWZHHQDQG
WKHUHIRUH $7( LQGLFDWHV SRWHQWLDO ULVN +4 YDOXHV
ORZHU WKDQ  ZHUH IRXQG IRU 0(7 DQG 67/
PHDQLQJ WKDW QR DGYHUVH HIIHFWV FDQ EH H[SHFWHG
&OHXYHUV  IRXQG3(&31(&YDOXHORZHUWKDQ
WKXVWKHHQYLURQPHQWDOULVNVHHPVWREHUHODWLYHO\
ORZ*URVHWDO  FDUULHGRXWHQYLURQPHQWDOULVN
DVVHVVPHQW IRU SKDUPDFHXWLFDOV$7( ZDV GHWHFWHG
QJ/LQHIIOXHQWQJ/LQVXUIDFHZDWHU0(7
ZDVGHWHFWHGQJ/LQHIIOXHQWQJ/LQVXUIDFH
ZDWHU5HVXOWVLQGLFDWHWKDWQRVLJQLILFDQWULVNVFRXOG
EHDVVRFLDWHGWRWKHSUHVHQFHRISKDUPDFHXWLFDOVLQ
WKHPDWULFHV9HUOLFFKLHWDO  LQYHVWLJDWHG
VHOHFWHG SKDUPDFHXWLFDOV EHORQJLQJ WR WZHOYH
GLIIHUHQWFODVVHVLQWKHHIIOXHQWRIWZRGLIIHUHQWVL]HG
KRVSLWDOV DQG WKH LQIOXHQW DQG HIIOXHQW RI WKH
PXQLFLSDOWUHDWPHQWSODQW,WDO\DQGWKH\FDUULHGRXW
HQYLURQPHQWDO ULVN DVVHVVPHQW 7KH SRWHQWLDO ULVN
ZDVDVVHVVHGE\PHDQVRIWKHLUULVNTXRWLHQWYDOXHV
54 7KH\GHWHUPLQHGULVNZDVORZDQGPHGLXPIRU
ȕEORFNHUV
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$&.12:/('*(0(176
7KH VWXG\ ZDV VXSSRUWHG E\ 78%$*(%,3
SURMHFW DQG 6FLHQWLILF 5HVHDUFK 3URMHFWV
&RRUGLQDWLRQ8QLWRI1HFPHWWLQ(UEDNDQ8QLYHUVLW\
3URMHFW1R 
5()(5(1&(6
[1] 0DV]NRZVND - 6WROWH 6 .XPLUVND -
àXNDV]HZLF] 3 0LRGXV]HZVN . 3XFNRZVNL
$&DEDQ0:DJLO06WHSQRZVNL3%LDáN
%LHOLĔVND $   %HWD EORFNHUV LQ WKH
HQYLURQPHQW 3DUW , 0RELOLW\ DQG K\GURO\VLV
VWXG\ 6FLHQFH RI WKH 7RWDO (QYLURQPHQW 
±
[2] 0LqJH & )DYLHU 0 %URVVH & &DQOHU -3
&RTXHU\ 0   2FFXUUHQFH RI EHWD
EORFNHUV LQ HIIOXHQWV RI ZDVWHZDWHU WUHDWPHQW
SODQWV IURP WKH /\RQ DUHD )UDQFH  DQG ULVN
DVVHVVPHQW IRUWKH GRZQVWUHDPULYHUV7DODQWD
  ±
[3] 0DXUHU0(VFKHU%,5LFKOH36FKDIIQHU&
$OGHU$&  (OLPLQDWLRQRIEHWDEORFNHUV
LQVHZDJHWUHDWPHQWSODQWV:DWHU5HVHDUFK
±
[4] 9LHQR107XKNDQHQ7.URQEHUJ/  
$QDO\VLVRIQHXWUDODQGEDVLFSKDUPDFHXWLFDOVLQ
VHZDJHWUHDWPHQWSODQWVDQGLQUHFLSLHQWULYHUV
XVLQJ VROLG SKDVH H[WUDFWLRQ DQG OLTXLG
FKURPDWRJUDSK\±WDQGHP PDVV VSHFWURPHWU\
GHWHFWLRQ-RXUQDORI&KURPDWRJUDSK\$
±
[5] &OHXYHUV0  ,QLWLDOULVNDVVHVVPHQWIRU
WKUHH ȕEORFNHUV IRXQG LQ WKH DTXDWLF
HQYLURQPHQW&KHPRVSKHUH±
[6] /HH + % 6DUDILQ . 3HDUW 7(  
'HWHUPLQDWLRQRIȕEORFNHUVDQGȕDJRQLVWVLQ
VHZDJH E\ VROLGSKDVH H[WUDFWLRQ DQG OLTXLG
FKURPDWRJUDSK\WDQGHP PDVV VSHFWURPHWU\
-RXUQDORI&KURPDWRJUDSK\$±
[7] 6DFKHU)/DQJH)7%UDXFK+-%ODQNHQKRUQ
,   3KDUPDFHXWLFDOV LQ JURXQG ZDWHUV
DQDO\WLFDO PHWKRGVDQGUHVXOWVRID PRQLWRULQJ
SURJUDP LQ %DGHQ:UWWHPEHUJ *HUPDQ\
-RXUQDORI&KURPDWRJUDSK\$
[8] +HUQDQGR 0' *yPH] 0- $JHUD $
)HUQiQGH]$OED$5  /&±06DQDO\VLV
RI EDVLF SKDUPDFHXWLFDOV EHWDEORFNHUV DQG
DQWLXOFHU DJHQWV  LQ ZDVWHZDWHU DQG VXUIDFH
ZDWHU7UHQGVLQ$QDO\WLFDO&KHPLVWU\±

[9] 1|GOHU.+LOOHEUDQG2,G]LN.6WUDWKPDQQ
0 6FKLSHUVNL ) =LUOHZDJHQ - /LFKD 7
 2FFXUUHQFHDQGIDWH RIWKHDQJLRWHQVLQ
,, UHFHSWRU DQWDJRQLVW WUDQVIRUPDWLRQ SURGXFW
YDOVDUWDQDFLGLQWKHZDWHUF\FOHDFRPSDUDWLYH
VWXG\ZLWKVHOHFWHGȕEORFNHUVDQGWKHSHUVLVWHQW
DQWKURSRJHQLF ZDVWHZDWHU LQGLFDWRUV FDUEDPD

&21&/86,21
,Q WKLV SDSHU IRU GHWHUPLQDWLRQ RI ILYH ȕ
EORFNHU LQ ZDVWHZDWHU VHQVLWLYH DQG VHOHFWLYH
DQDO\WLFDO PHWKRG KDV EHHQ GHYHORSHG  ȕEORFNHUV
ZHUHH[WUDFWHGIURPZDVWHZDWHUVDPSOHVXVLQJ63(
ZKLFK XVLQJ RDVLV +/% FDUWULGJHV +3/&0606
V\VWHP ZDV XVHG IRU DQDO\VLV RI ȕEORFNHU 7KH
DQDO\WLFDO PHWKRG GHYHORSHG LQ RXU VWXG\ ZDV
FRQWULEXWHGWRWHFKQRORJLFDODGYDQFHVLQDQDO\VHVRI
SKDUPDFHXWLFDOV 0HDVXUHG FRQFHQWUDWLRQV LQ
ZDVWHZDWHU HQDEOH XV WR REWDLQ PRUH LQIRUPDWLRQ
DERXWWKHSUHVHQFHWKHIDWHRIȕEORFNHULQWKHZDWHU
F\FOH:LWKRSWLPL]HGDQDO\WLFDOPHWKRGZDVWHZDWHU
VDPSOHV ZKLFK WDNHQ IURP .RQ\D ::73 ZHUH
DQDO\]HG$OORIȕEORFNHUVZHUHGHWHFWHGLQLQIOXHQW
DQG HIIOXHQW VDPSOHV70/ ZDV GHWHFWHG LQIOXHQW
ZKLOH LW ZDV QRW GHWHFWHG HIIOXHQW VDPSOHV
0(&31(&UDWLRRIDOO ȕEORFNHUVQRWH[FHHGHG
+HQFHWKHHQYLURQPHQWDOULVNVHHPVWREHUHODWLYHO\
ORZWKHFRPSRXQGVFDQQRWH[KLELWDVSHFLILFHIIHFW
EXW WKH\ FDQ HIIHFW ELRORJLFDO IXQFWLRQV RI DTXDWLF
RUJDQLVPV  5HVHDUFK RQ SKDUPDFHXWLFDOV LQ
HQYLURQPHQW DUH QRW \HW VXIILFLHQW HVSHFLDOO\ WKHLU
SUHVHQFH LQ ZDVWHZDWHU VKRXOG EH H[DPLQHG
UHJXODUO\ /LPLW YDOXHV UHODWHG WR FRQFHQWUDWLRQ LQ
HQYLURQPHQWPXVWEHLQWKHUHJXODWLRQV
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&KURPDWRJUDSK\$±
[20] $QGUHR]]L 5 5DIIDHOH 0 1LFNODV 3  
3KDUPDFHXWLFDOVLQ673HIIOXHQWVDQGWKHLUVRODU
SKRWRGHJUDGDWLRQ LQ DTXDWLF HQYLURQPHQW
&KHPRVSKHUH±
[21] 9HUOLFFKL3$O$XNLG\0*DOOHWWL$3HWURYLF
0 %DUFHOy '   +RVSLWDO HIIOXHQW
,QYHVWLJDWLRQ RI WKH FRQFHQWUDWLRQV DQG
GLVWULEXWLRQ RI SKDUPDFHXWLFDOV DQG HQYLURQ
PHQWDO ULVN DVVHVVPHQW 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW
[22] $VKWRQ ' +LOWRQ 07KRPDV .9  
,QYHVWLJDWLQJ WKH HQYLURQPHQWDO WUDQVSRUW RI
KXPDQ SKDUPDFHXWLFDOV WR VWUHDPV LQ WKH 8.
6FLHQFHRI7RWDO(QYLURQPHQW±
[23] %HQG] ' 3D[HXV 1$ *LQQ 75 /RJH )-
 2FFXUUHQFHDQGIDWHRISKDUPDFHXWLFDOO\
DFWLYH FRPSRXQGV LQ WKH HQYLURQPHQW D FDVH
VWXG\ +RMH 5LYHU LQ 6ZHGHQ -RXUQDO RI
+D]DUGRXV0DWHULDOV±

]HSLQH DQG DFHVXOIDPH :DWHU UHVHDUFK 

[10] +XJJHWW '% %URRNV %: 3HWHUVRQ %
)RUDQ &0 6FKOHQN '   7R[LFLW\ RI
VHOHFW EHWD DGUHQHUJLF UHFHSWRUEORFNLQJ
SKDUPDFHXWLFDOV ȕEORFNHUV  RQ DTXDWLF RUJD
QLVPV $UFKLYHV RI (QYLURQPHQWDO &RQWDPL
QDWLRQDQG7R[LFRORJ\±
[11] /DUVVRQ '*- )UHGULNVVRQ 66DQGEORP (
3D[HXV1$[HOVVRQ0  ,VKHDUWUDWH
LQ ILVK D VHQVLWLYH LQGLFDWRU WR HYDOXDWH DFXWH
HIIHFWV RI ȕEORFNHUV LQ VXUIDFH ZDWHU"
(QYLURQPHQWDO 7R[LFRORJ\ DQG 3KDUPDFRORJ\
±
[12] 7HUQHV7$  $QDO\WLFDOPHWKRGVIRUWKH
GHWHUPLQDWLRQ RI SKDUPDFHXWLFDOV LQ DTXHRXV
HQYLURQPHQWDO VDPSOHV 7UHQGV LQ $QDO\WLFDO
&KHPLVWU\±
[13] 'RORUHV 0+HUQDQGR0*RPH]-$JX
HUD$)HUQDQGH]$OED$5  /&06
DQDO\VLVRIEDVLFSKDUPDFHXWLFDOV EHWDEORFNHUV
DQGDQWLXOFHUDJHQWV LQZDVWHZDWHUDQGVXUIDFH
ZDWHU7UHQGVLQ$QDO\WLFDO&KHPLVWU\9RO
1R
[14] 6DQGHUVRQ+-RKQVRQ'-5HLWVPD7%UDLQ5$
:LOVRQ&-6RORPRQ.5  5DQNLQJDQG
SULRULWL]DWLRQ RI HQYLURQPHQWDO ULVNV RI
SKDUPDFHXWLFDOV LQ VXUIDFH ZDWHUV 5HJXODWRU\
7R[LFRORJ\DQG3KDUPDFRORJ\±
[15] &RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV
 7HFKQLFDOJXLGDQFHGRFXPHQWLQVXSSRUW
RI FRPPLVVLRQ GLUHFWLYH  ((& RQ ULVN
DVVHVVPHQWIRUQHZQRWLILHGVXEVWDQFHV3DUW,,
HQYLURQPHQWDO ULVN DVVHVVPHQW /X[HPERXUJ
2IILFH IRU RIILFLDO SXEOLFDWLRQ RI WKH (XURSHDQ
&RPPXQLWLHV
[16] *URV03HWURYLü0*LQHEUHGD$%DUFHOy
'  5HPRYDORISKDUPDFHXWLFDOVGXULQJ
ZDVWH ZDWHU WUHDWPHQW DQG HQYLURQPHQWDO ULVN
DVVHVVPHQWXVLQJKD]DUGLQGH[HV(QYLURQPHQW
,QWHUQDWLRQDO±
[17] 0HQGR]D$$FHxD-3pUH]6/ySH]GH$OGD
0 %DUFHOy ' *LO $ 9DOFiUFHO <  
3KDUPDFHXWLFDOVDQGLRGLQDWHGFRQWUDVWPHGLDLQ
DKRVSLWDOZDVWHZDWHU$FDVHVWXG\WRDQDO\VH
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PDVVVSHFWURPHWU\-RXUQDORI&KURPDWRJUDSK\
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USING ARTIFICIAL NEURAL NETWORK (ANN) MODEL
FOR CHROMIUM (VI) REMOVAL FROM AQUEOUS
SOLUTIONS BY IRON OXIDE NANOPARTICLES
(OKDP$VUDUL 9DKLGH.KRVUDYL
'HSDUWPHQWRI&LYLO(QJLQHHULQJ3D\DPH1RRU8QLYHUVLW\32%R[7HKUDQ,5RI,UDQ

PXWDJHQLF WKDQ &U ,,,  >  DQG @ 1RYHO
LQWHJUDWHG UHVHDUFK KDV EHHQ XVHG IRU UHPRYLQJ
KHDY\PHWDOLRQVLQFOXGHFKHPLFDOSUHFLSLWDWLRQ>@
HOHFWURFKHPLFDO PHWKRGV >@ PHPEUDQH SURFHVVHV
>@ VROYHQW H[WUDFWLRQ >@ DGVRUSWLRQ >@ DQG
ELRORJLFDOPHWKRGV>DQG@9DULRXVDGVRUEHQW
KDYH EHHQ XVHG WR UHPRYH FKURPLXP 9,  VXFK DV
=HROLWHV>@$FWLYDWHGFDUERQ>@.DROLQLWH>@
0DJQHWLF FKLWRVDQ39$ K\GURJHO %HDG >@
%LRFKDUVGHULYHG>@DQGRWKHUQDQRVRUEHQWV>@
,QWKLVVWXG\LURQR[LGHQDQRSDUWLFOHKDVEHHQXVHGDV
DGVRUEHQWV,WLVLQH[SHQVLYHQRQWR[LFIDVWUHVSRQVH
ZLWK KLJK DELOLW\ WR DEVRUE KHDY\ PHWDOV IURP
ZDVWHZDWHU >@ ,Q &KLQD  UHPRYLQJ WR[LF
KHDY\ PHWDOV IURP HOHFWURSODWLQJ ZDVWHZDWHU KDV
EHHQLQYHVWLJDWHGRQWKHDSSOLFDELOLW\RIPDJKHPLWH
QDQRSDUWLFOHV >@ (IILFLHQF\ RI LURQ R[LGH
QDQRSDUWLFOHV ZLWK PDJQHWLF ILHOG KDV EHHQ VWXGLHG
RQ SROOXWDQWV UHPRYDO IURP V\QWKHWLF XUEDQ UXQRII
>@ ,Q   െ ଷ ସ QDQR FRPSRVLWHV
UHPRYHGFKURPLXP 9, IURPDTXHRXVVROXWLRQ>@
7KHQHXUDOQHWZRUNVZHUHXVHGLQPDQ\ILHOGV
RI HQJLQHHULQJ RSWLPL]DWLRQ VLPXODWLRQ SUHGLFWLRQ
DQGPRGHOLQJRIUHODWLRQVEHWZHHQSKHQRPHQD>
@7KHUH DUH QXPHURXV NQRZQ W\SHV RI QHXUDO
QHWZRUNV SHUIRUPLQJ YDULRXV WDVNV VXFK DV )HHG
IRUZDUG QHXUDO QHWZRUN H[DPSOHV VLQJOH OD\HU
3HUFHSWURQ 0XOWLOD\HU 3HUFHSWURQ DQG EDFN
SURSDJDWLRQ
,QWKLVUHVHDUFKLWKDVEHHQWULHGWRV\QWKHVL]H
LURQR[LGHQDQRSDUWLFOHV ଶ ଷ DQGWRGHWHUPLQHLWV
HIILFLHQF\ WR UHPRYH &U $FWXDOO\ DUWLILFLDO QHXUDO
QHWZRUNPRGHOLQJ XVHG IRU RSWLPL]DWLRQ RI&U 9, 
UHPRYLQJLQWKLVUHVHDUFK7KHLPSDFWRILPSRUWDQW
IDFWRUVVXFKDVS+LQLWLDOFRQFHQWUDWLRQDPRXQWRI
DGVRUEHQW FRQWDFW WLPH DQG WHPSHUDWXUH RQ
FKURPLXPUHPRYDOSURFHVVZHUHLQYHVWLJDWHG

ABSTRACT
Heavy metal industrial wastewater is one of the
most important environmental issues. Among the
various types of heavy metals; chromium is one of
hazardous and toxic environmental pollutant. In
order to prevent damage caused by chromium, it is
essential to prevent it entering it into environment.
The purpose of thisstudy is removing chromium
byiron oxide nanoparticlesand thenartificial neural
network has been used for estimating the best
removal Cr (VI) model. The impact of some
important factors such as pH, initial concentration,
amount of adsorbent, contact time and temperature
on chromium removal process, were investigated.
The optimum conditions have been achieved in
pH=3, initial concentration of Cr, 10 mg/L;
concentration of ଶ ଷ , 1gr/L; contact time, 60
minutes and temperature of 25Ԩ. Actually, almost
90% chromium has been removed under the
mentioned conditions.
After backpropagation (BP) training, the ANN
model was able to predict adsorption efficiency with
a tangent sigmoid transfer function (Tansig) at
hidden layer with 11 neurons and a linear transfer
function (Purelin) at out layer. The LevenbergMarquardt algorithm (LMA) was applied, giving a
minimum mean squared error (MSE) for training and
cross validation at the ninth place of decimal. The
high correlation coefficient (ܴேே ൌ ͲǤͻͻ)
between the model and experimental data showed
that the model is able to predict the removal of Cr
(VI) from aqueous solutions by iron oxide
nanoparticles.

KEYWORDS:
Removal, Chromium, Iron oxide nanoparticles, Aqueous
Solutions, Neural Network.

MATERIALS AND METHODS
INTRODUCTION

0DWHULDOV 7KH FKHPLFDO XVHG LQ WKLV VWXG\
ZHUH PRVWO\ IURP 0HUFN &R ZLWKRXW IXUWKHU
WUHDWPHQW 7KH PDWHULDOV ZHUH  ଶ ଶ   !
  ଷ Ǥ  ଶ  ଶ Ǥ Ͷ ଶ  !   DPPRQLD
VROXWLRQ  DQG1D2+

2QHRIWKHPRVWHQYLURQPHQWDOSROOXWLRQLVWKH
GLVSHUVLRQ KHDY\ PHWDOV IURP LQGXVWU\ &KURPLXP
,,,  DQG &U 9,  FDQ EH IRXQG LQ LQGXVWULDO
ZDVWHZDWHU&U 9, LVPRUHWR[LFFDUFLQRJHQLFDQG
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ZHUHXVHGGDWDSRLQWVIRUYDOLGDWLRQDQGGDWD
SRLQWVIRUWHVWLQJZHUHXVHG
7KH WRSRORJ\ RI DQ$11 ZDV GHWHUPLQHG E\
WKH QXPEHURIOD\HUVWKH QXPEHURI QRGHVLQHDFK
OD\HU DQG WKH QDWXUH RI WUDQVIHU IXQFWLRQV FRUUHFW
LGHQWLILFDWLRQ RI WKH VHW RI LQGHSHQGHQW LQSXW
YDULDEOHVDQGWKHRXWSXWYDULDEOHVLVWKHILUVWWDVNLQ
WKH EXLOGLQJ $11 PRGHO 2SWLPL]DWLRQ RI $11
WRSRORJ\ZDVWKHQH[WLPSRUWDQWVWHSIRUGHYHORSLQJ
PRGHO 7KH QXPEHU RI QHXURQV 1  LQ WKH KLGGHQ
OD\HU ZDV GHWHUPLQHG DFFRUGLQJ WR WKH PLQLPXP
SUHGLFWLRQ HUURU RI WKH QHXUDO QHWZRUN +HQFH LW
PLJKW EH FRQVLGHUHG DV D SDUDPHWHU IRU WKH QHXUDO
QHWZRUNGHVLJQ

0HWKRGV %DWFK DGVRUSWLRQ VWXGLHV ZHUH
SHUIRUPHGE\PL[LQJPDJKHPLWHQDQRSDUWLFOHVZLWK
P/  ଶ ଶ   VROXWLRQ ZLWK GLIIHUHQW
FRQFHQWUDWLRQ6WDQGDUGDFLG 0+&/ DQGEDVH
0 VROXWLRQVZHUHXVHGIRUS+DGMXVWPHQW
,QLWLDO VROXWLRQ ZLWK GLIIHUHQW FRQFHQWUDWLRQ RI &U
9, ZDVSUHSDUHGE\SURSHUGLOXWLRQIURPPJ/
VWDQGDUGV ,Q WKLV VWXG\ WKH FRQWDFW WLPH ZDV
FKDQJHG IURP  WR  PLQXWHV WKH S+ RI WKH
VROXWLRQFRQVLGHUHGIURPWRLQLWLDO&KURPLXP
FRQFHQWUDWLRQ
DQGPJ/
$GRVH RIDGVRUEHQW IURPJ/WRJ/ ZDV
FRQVLGHUHG7KHWHPSHUDWXUHKDVEHHQFRQVLGHUHGIRU
Ԩ6WLUULQJVSHHGKDVEHHQFRQVWDQW
DWUSPIRUDOOH[SHULPHQWV)LQDOO\WKHUHPDLQLQJ
&U 9, FRQFHQWUDWLRQDIWHUDGVRUSWLRQZDVPHDVXUHG
ZLWK 896SHFWURSKRWRPHWHU 7KH UHPRYDO
SHUFHQWDJH RI &U 9,  IURP DTXHRXV VROXWLRQ KDV
EHHQFKRVHQIURPWKHIROORZLQJHTXDWLRQ
େ ିେ
5HPRYDORI&U 9,    బ  ൈ 

RESULTS AND DISCUSSION
$11 0RGHO ,Q RUGHU WR GHWHUPLQH WKH
RSWLPXP QXPEHU RI QHXURQV LQ WKH KLGGHQ OD\HU
GLIIHUHQWWRSRORJLHVLQ ZKLFKWKH QXPEHURIQRGHV
ZDV YDULHG IURP  WR ZHUH H[DPLQHG (DFK
WRSRORJ\ ZDV UHSHDWHG WKUHH WLPHV 7KH 06(
PLQLPXPPHDQVTXDUHGHUURU ZDVXVHGDVWKHHUURU
IXQFWLRQ ,W PHDVXUHG WKH SHUIRUPDQFH RI WKH
QHWZRUNDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ
ଵ
 ܧܵܯൌ σୀே
ሺݕǡ௧ െ ݕǡ ሻଶ 
ே ୀଵ
:KHUH 1 LV WKH QXPEHU RI GDWD SRLQWVݕǡ௧  LV WDUJHW
YDOXH QHWZRUN SUHGLFWLRQ  ݕǡ  LV WKH RXWSXW
PHDVXUHG DQGLLVDQLQGH[RIGDWD
,WFRXOGEHVHHQWKDWWKHQHWZRUNPHDQVTXDUH
HUURU 06( LVPLQLPXPZLWKLQFOXVLRQRIQRGHV
LQWKHKLGGHQOD\HU6REDVHGRQWKHDSSUR[LPDWLRQ
RI06(IXQFWLRQDQXPEHURIKLGGHQQHXURQVHTXDO
WR  ZHUH DGMXVWHG7KH QHWZRUN HUURU DJDLQVW WKH
QXPEHURIQHXURQVLQWKHKLGGHQOD\HUZDVVKRZQLQ
)LJXUH

େబ

:KHUH DQGୣ DUHWKHLQLWLDODQGWKHHTXLOLEULXP
&U 9, FRQFHQWUDWLRQ PJ/ 
,Q WKLV UHVHDUFK D PXOWLOD\HU IHHGIRUZDUG
$11 ZLWKRQH KLGGHQOD\HUZDVXVHG)RUDOOGDWD
VHWVWDQJHQWVLJPRLGWUDQVIHUIXQFWLRQLQWKHKLGGHQ
OD\HUDQGDOLQHDUWUDQVIHUIXQFWLRQLQWKHRXWSXWZHUH
XVHG7KH$11ZDVWUDLQHGXVLQJEDFNSURSDJDWLRQ
DOJRULWKP $OO FDOFXODWLRQV ZHUH FDUULHG RXW ZLWK
0DWODEVRIWZDUH,QLWLDOFRQFHQWUDWLRQRI&KURPLXP
9,  S+ FRQWDFW WLPH WHPSHUDWXUH DQG DGVRUEHQW
GRVDJH ZHUH XVHG DV LQSXWV RI $11 PRGHO 7KH
SHUFHQWDJH UHPRYDO RI FKURPLXP 9,  ZDV
FRQVLGHUHG DV RXWSXW YDULDEOHV 7RWDO  PHDVXUHG
SRLQWV ZHUH UDQGRPO\ VSOLW EHWZHHQ WUDLQLQJ
YDOLGDWLRQDQGWHVWVHWV)RUWUDLQLQJGDWDSRLQWV

),*85(
9DULDWLRQRI06(YHUVXVQXPEHURIQHXURQVLQKLGGHQOD\HU
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),*85(
9DULDWLRQRI06(YHUVXVQXPEHURIQHXURQVLQKLGGHQOD\HU

),*85(
Relation between ANN outputs and experimental data as a function of pH
SDUDPHWHU 3HUFHQWDJH RI &U 9,  UHPRYDO ZDV
KLJKHVW DW S+  FRPSDUHG WR RWKHU S+ YDOXHV7KH
RSWLPXPS+YDOXHZDVIRUEDWFKH[SHULPHQWV7KH
UHPRYDO HIILFLHQF\ RI &U 9,  DW S+  ZDV IRXQG
$FFRUGLQJ WR WKH UHVXOWV FKURPLXP UHPRYDO
HIILFLHQF\GHFUHDVHVZLWKLQFUHDVLQJS+
7KH UHODWLRQ EHWZHHQ$11 PRGHO SUHGLFWLRQV
DQGH[SHULPHQWDOGDWDDVDIXQFWLRQRILQLWLDOS+ LV
VKRZQLQ)LJXUH$FFRUGLQJO\LWFDQEHUHFRJQL]HG
WKDW WKH REWDLQHG UHVXOWV IURP WKH SURSRVHG $11
PRGHO ZHUH LQJRRGUHODWLRQZLWKWKH H[SHULPHQWDO
GDWD

7KH QHXWUDO QHWZRUN ZDV HYDOXDWHG E\
FRPSDULQJLWVSUHGLFWHGRXWSXWYDOXHVZLWKPHDVXUHG
RQHVXVLQJDVLQGHSHQGHQWVHWRIGDWD WHVWGDWD 7KH
SORW RI PHDVXUHG UHVXOWV WHVW GDWD  YHUVXV WKH
SUHGLFWHG RQHV LV KDV EHHQ VKRZQ LQ )LJXUH  ,W
VKRZV WKDW WKH GDWD SRLQWV ZHUH ZHOO GLVWULEXWHG
DURXQG ; < OLQH LQ D QDUURZ DUHD $ FRUUHODWLRQ
FRHIILFLHQW 5   IRU WKH OLQH SORWWHG XVLQJ
PHDVXUHG RXWSXW  DQG FDOFXODWHG GDWD WDUJHW 
VKRZHG WKH YDOLGLW\ RI PRGHO 7KHUHIRUH $11
PRGHO ZDV VXLWHG IRU PRGHOLQJ RI WKH UHPRYDO &U
9,  IURP DTXHRXV VROXWLRQV E\ XVLQJ LURQ
QDQRSDUWLFOHV ଶ ଷ  )RU DOPRVW DOO H[SHULPHQWV
WKH $11 ZDV FRQILUPHG WR EH DQ DGHTXDWH
LQWHUSRODWLRQ WRRO ZKHUH JRRG SUHGLFWLRQ ZDV
REWDLQHG

(IIHFW RI FRQWDFW WLPH )LJXUH  VKRZV WKH
HIIHFWRIFRQWDFWWLPHRQDPRXQWRI&U 9, DGVRUEHG
$OVRZLWKLQFUHDVLQJWKHFRQWDFWWLPHWRPLQXWHV
WKH SHUFHQWDJH RI &U UHPRYDO LQFUHDVHG 7KXV 
PLQXWHVZDVFKRVHQDVWKHRSWLPXPFRQWDFWWLPHIRU
DOOH[SHULPHQWV$11PRGHOSUHGLFWLRQZDVPDWFKHG
ZLWKH[SHULPHQWDOGDWD

(IIHFW RI S+ 7KH UHVXOWV VKRZHG WKDW S+
FOHDUO\DIIHFWVRQWKHUHPRYDO&UHIILFLHQF\ZKHQLW
ZDVFKDQJHGIURPWR([SHULPHQWVVKRZHGWKDW
WKH LQLWLDO S+ RI WKH VROXWLRQ ZDV LPSRUWDQW
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),*85(
5HODWLRQEHWZHHQ$11RXWSXWVDQGH[SHULPHQWDOGDWDDVDIXQFWLRQRIFRQWDFWWLPH

),*85(
Relation between ANN outputs and experimental data as a function of initialconcentration of Cr
FKURPLXP 9,  UHPRYLQJ LQFUHDVHG E\ DGVRUEHQW
GRVDJH IURP  WR  J/ )LJXUH  VKRZV WKDW WKH
H[SHULPHQWDOGDWDDQG$11RXWSXWVDVDIXQFWLRQRI
DGVRUEHQW GHSLFWHG SHUIRUPDQFH RI WKH PRGHO LQ
JRRGKDUPRQ\ZLWKWKHH[SHULPHQWDOGDWD

(IIHFW RI LQLWLDO FRQFHQWUDWLRQ 7KH &U 9, 
UHPRYLQJZDVFDUULHGRXWDWGLIIHUHQWUDQJRILQLWLDO
FRQFHQWUDWLRQVIURPWRPJ/DWS+DQGIRU
PLQXWHVRIFRQWDFWWLPH$VLWLVVKRZQLQ)LJXUH
 ZKHQ WKH LQLWLDO FRQFHQWUDWLRQ RI &U 9,  ZDV
LQFUHDVHGIURPWRPJ/&U 9, WKHUHPRYLQJ
VKRZHGUHGXFWLRQ7KHFRPSDULVRQRIH[SHULPHQWDO
GDWD ZLWK $11 RXWSXWV IRU &U 9,  LRQV
FRQFHQWUDWLRQV VKRZHG WKH$11 PRGHO SHUIRUPHG
ZHOOIRUSUHGLFWLRQRIWKHH[SHULPHQWDOGDWD

(IIHFWRIWHPSHUDWXUH6HYHUDOWHVWVKDYHEHHQ
GRQH LQ RSWLPXP FRQGLWLRQV RI SDUDPHWHUV ZLWK
GLIIHUHQWWHPSHUDWXUHV DQGԨ WR
ILQG WKH HIIHFW RI WHPSHUDWXUH RQ UHPRYDO &U
$EVRUSWLRQ FXUYH ZKLFK FKDQJHV DFFRUGLQJ WR WKH
WHPSHUDWXUHLVVKRZQLQ)LJXUH$VWKHWHPSHUDWXUH
LQFUHDVHVFKURPLXPDEVRUSWLRQLVUHGXFHGDFFRUGLQJ
WRWKHGLDJUDP7KHSURFHVVRIFKURPLXPDEVRUSWLRQ
E\DGVRUEHQWZDVDQH[RWKHUPLFUHDFWLRQ

(IIHFW RI PDJKHPLWH QDQRSDUWLFOHV
FRQFHQWUDWLRQ 7KH HIIHFW RI PDJKHPLWH
QDQRSDUWLFOHVFRQFHQWUDWLRQRQ&U 9, UHPRYDOZDV
DOVR H[DPLQHG )LJ   LQ ZKLFK WKH DPRXQW RI
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),*85(
5HODWLRQEHWZHHQ$11RXWSXWVDQGH[SHULPHQWDOGDWDDVDIXQFWLRQRIFRQFHQWUDWLRQRIDGVRUEHQW

),*85(
Relation between ANN outputs and experimental data as a function of temperature

nanoparticles presents a good potential for treatment
of Chromium wastewater. ANN model was
employed for modeling of removal Cr (VI) from
aqueous solutions by iron oxide nanoparticles. The
ANN model was able to predict adsorption
efficiency with a tangent sigmoid transfer function
(tansig) at hidden layer and a linear transfer function
(purelin) at out layer. The highest removal rate of
modeling was obtained 91%. The LevenbergMarquardt algorithm (LMA) was applied, giving a
minimum mean squared error (MSE) for training and
cross validation at the ninth place of decimal. The
high correlation coefficient (  ൌ ͲǤͻͻ)
between the model and experimental data, showed
that model was able to predict the removal of Cr (VI)
from aqueous solutions using Iron nanoparticles.
Training the LMnetwork with high performance on
modeling the absorption of lead on nanocellulose

CONCLUSIONS
5HPRYDORI&U 9, LRQIURPDTXHRXVVROXWLRQV
DW GLIIHUHQW FRQGLWLRQV VXFK DV FRQWDFW WLPH S+
LQLWLDO FRQFHQWUDWLRQ DPRXQW RI DGVRUEHQW DQG
WHPSHUDWXUH ZHUH VWXGLHG WR LQYHVWLJDWH RSWLPXP
YDOXHVRIWKHPHQWLRQHGSDUDPHWHUVIRUDGVRUSWLRQRI
&U 9, 
Almost 90% chromium was removed under
these conditions: pH=3, initial concentration of
Cr,10mg/L; concentration of ݁ܨଶ ܱଷ ,1gr/L; contact
time, 60 min and a temperature of 25Ԩ. The
maximum adsorption capacity of maghemite
nanoparticles in Cr(VI) removal was found to be
27.5 mg/g. It was observed that the increasing of
maghemite nanoparticles concentration could be
shown to have positive effects on Cr (VI) removal.
Therefore, it could be concluded that the maghemite
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DFWLYDWHGFDUERQPRGLILHGZLWKR[LGL]LQJDJHQWV
DQGRUFKLWRVDQ&KHPRVSKHUH±
[12] 0RU65DYLQGUD.DQG%LVKQRL15  
$GVRUSWLRQRIFKURPLXPIURPDTXHRXVVROXWLRQ
E\ DFWLYDWHG DOXPLQD DQG DFWLYDWHG FKDUFRDO
%LRUHVRXU7HFKQRO±
[13] <L1:X<:HL-=KDQJ6DQG-L3  
$GVRUSWLRQRIWKHORZFRQFHQWUDWLRQ&U 9, RQ
WKH PDJQHWLF &KLWRVDQ39$ K\GURJHO EHDGV
)UHVHQ(QYLURQ%XOO
[14] =KDR%6KL;DQG0D)  $GVRUSWLRQRI
&U 9,  RQWR ELRFKDUV GHULYHG IURP W\SLFDO
YHJHWDEOHRLOFURSELRPDVVHVRULJLQDWLQJLQORHVV
DUHDV)UHVHQ(QYLURQ%XOO
[15] 3RQGHU60'DUDE-DQG*DQG0DOORXN7(
  5HPHGLDWLRQ RI &U 9,  DQG 3E ,, 
DTXHRXV VROXWLRQV XVLQJ VXSSRUWHG QDQRVFDOH
]HURYDOHQWLURQ(QYLURQ6FL7HFKQRO±

[16] .DQHO650DQQLQJ%&KDUOHW/DQG&KRL
+   5HPRYDO RI DUVHQLF ,,,  IURP
JURXQGZDWHU E\QDQRVFDOH ]HUR ± YDOHQW LURQ -
RI(QYLURQ6FL7HFKQRO
[17] -LQJ +X *XRKXD &KHQ ,UHQH 0& /R 0
$6&(   6HOHFWLYH 5HPRYDO RI +HDY\
0HWDOV IURP ,QGXVWULDO :DVWHZDWHU 8VLQJ
0DJKHPLWH 1DQRSDUWLFOH 3HUIRUPDQFH DQG
0HFKDQLVPV-RI(QYLURQPHQWDO(QJLQHHULQJY
  -8/S
[18] )URXJKL0+DMLDQQHMKDG0$PLQ00DQG
7DKHUL 7   (IILFLHQF\ RI ,URQ 2[LGH
1DQRSDUWLFOHV ZLWK 0DJQHWLF )LHOG RQ
3ROOXWDQWV 5HPRYDO IURP 6\QWKHWLF 8UEDQ
5XQRIIDesalination and Water Treatment,
52(4-6), 678-682.
[19] ;LDRVKX/Y*XDQJPLQJ-LDQJ;LDRTLQ;XH
'RQJOHL :X 7LDQWLDQ 6KHQJ &KHQ 6XQ
;LQKXD ;X  )H)H2QDQRFRPSRVLWHV
(0%HGGHG SRO\YLQ\O DOFRKROVRGLXPDOJLQDWH
EHDGV IRU FKURPLXP 9,  UHPRYDO - +D]DUG
0DWHU±
[20] 3DUN<6 &KRQ76 .ZDN ,6 DQG /HN 6
  +LHUDUFKLFDO FRPPXQLW\ FODVVLILFDWLRQ
DQ DVVHVVPHQW RI DTXDWLF HFRV\VWHPV XVLQJ
DUWLILFLDO QHXUDO QHWZRUNV 6FLHQFHRI WKH 7RWDO
(QYLURQPHQW
[21] <XQ3DUN</HH'6/LP65DQG3DUN-0
  &ROXPQ VWXG\ RQ &U 9, UHGXFWLRQ
XVLQJ WKH EURZQ VHDZHHG (FNORQLD ELRPDVV
-RXUQDO RI +D]DUGRXV 0DWHULDOV % 

[22] .DUGDP $ 5DM .5 $URUD -. DQG
6ULYDVWDYD 6  $UWLILFLDO QHXUDO QHWZRUN
PRGHOLQJ IRU ELRVRUSWLRQ RI 3E ,,  LRQV RQ
QDQRFHOOXORVHILEHUV%LRQDQRVFL
[23] Ghaedi, M., Zeinali, N., Ghaedi, A., Teimuori,
M. and Tashkhourian, J. (2014) Artificial neural
network-genetic algorithm based optimization
for the adsorption of methylene blue and
brilliant green from aqueous solution by

fibers bionanosci has been found by Kardam [22].
Actually, Gheadihas been studied that the network
with LMeducation Act and sigmoid transfer function
could predict the degree of removing of methylene
blue and brilliant green [23].
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wood products (ca. 6.7% to 9% per year) [2], social
and economic growth [3], and establishment of new
bioenergy power plants across the country [4,5]. A
previous study showed that the country needs about
6.7 million m3 of wood to fill the gap between supply
and demand [6]. One possible solution of this
problem is the development of shrub willow biomass
(SWB) in large unproductive agricultural and
marginal lands in Turkey [4-8].
In the KFD region, large potential planting
areas could be developed into SWB plantations.
SWB is a good choice as planting material because
of its relatively short harvest cycle (2-3 years), ease
of propagation, broad genetic base, ability to coppice
over multiple harvests cycle [9], high biomass yield
over short period [10] similarity of wood quality
with most hardwoods species [11], and a source of
carbon sequestration [12-14]. Previous studies in
Turkey showed that willow clones (S. alba and S.
excelsa) from Marmara and Black Sea regions
produced the highest biomass yields RGWKD-1
yr-1) at the test sites [6]. This yield is within the range
the commercially biomass yields (10 to 24 odt ha -1
yr-1) in Europe and North America [10,15] and could
be improved by conducting breeding programs.
Although interest in biomass production started
as early as 1980 [15,16], there had been no
commercial willow biomass plantation in Turkey.
Thus, the economic benefits of large scale willow
production and its associated carbon sequestration
potentials remain poorly understood. The purpose of
this study is to determine the size of potential
planting area, assess the economic viability, and
quantify the C sequestration potentials of developing
SWB in the KFD region. These data are important
for biomass investors and policymakers.

ABSTRACT
Shrub willow biomass (SWB) is not among the
fast-growing species being developed into a largescale plantation in Turkey. Thus, the economic and
carbon sequestration potentials of this species are not
well explored. This study assesses the economic and
carbon sequestration potentials of developing shrub
willow biomass (SWB) in the Kastamonu Forest
Directorate (KFD) region, Turkey. We used GIS to
determine the size of potential planting area. We
evaluated the economic returns of three biomass
yield scenarios: 22.5- Mg ha-1 yr-1 as a best-case
(BC) scenario, 15.0- Mg ha-1 yr-1 as an average-case
(AC) scenario, and 10.0-Mg ha-1 yr-1 as a worst-case
(WC) scenario. We also determine the carbon
sequestration potential of SWB production based on
biomass productions in the aboveground stool,
belowground stool, and coarse roots. GIS analysis
revealed that about 1,388.85-km2 of lands could be
utilized for planting SWB. At $50-Mg-1 (wet wt.)
purchase price, farmers could potentially earn
income ranging from $2,033- to $3,099-ha-1 every 3
years, depending on biomass yields. The estimated
internal rate of return (IRR) ranged from 8.1% for
the WC scenario to 25.4% for the BC scenario. A
JURZHU¶V investments is likely to be paid back at
about age 7 for the BC scenario, and at age 10 for the
AC scenario. The net amount of C sequestration is
about 34.5-Mg CO2e ha-1 at the end of 22 years. Our
results suggest that SWB productions in the KFD
region are doable due to availability of large
potential planting areas, viable economic returns,
and C sequestration potentials.

KEYWORDS:
Shrub willow biomass, carbon sequestration, biomass
yields, production, economic returns

MATERIALS AND METHODS
Study location. This study was conducted in
KFD UHJLRQ .DVWDPRQX 7XUNH\ Û ¶ ´ 1
Û¶´( [15] (Figure 1). The study site has an
elevation ranging from 245 to 1471 m above sea
level, mean temperature of about 13.7°C, rainfall
ranging from 875.4 mm to 1175.8 mm [17], and

INTRODUCTION
In Turkey, importation of forest products has
been increasing due to inadequate wood supply from
local sources [1], robust growth in wood market and
1813
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biomass (wet weights) scenarios: best-case (BC) of
22.5-Mg ha-1 yr-1 representing optimum biomass
yields, average-case (AC) of 15-Mg ha-1 yr-1
representing medium biomass yields, and worst-case
(WC) scenario of a 10-Mg ha-1 yr-1 representing low
biomass yields. Two project sizes (1- and 10-ha)
were also evaluated to assess SURMHFWVL]H¶VHIIHFWVRQ
economic returns. A previous study reported that a
10-ha SWB field can be harvested in an extended 1
day, one-shift operation, and therefore, representing
a breaking point in terms of economy for harvest
operations [21]. In Turkey, however, land
fragmentation, wherein big lands are divided into
small parcels, could be a limitation for a large scale
biomass development. Thus, this study compared the
economic returns between small (1 ha) and big (10
ha) project sizes to provide an overview to potential
biomass investors regarding the effects of project
size on the profitability of SWB investment [15].
3URMHFW¶V H[SHQVHV DQG UHYHQXHV ZHUH
determined to estimate the net economic return of
investments. Expenses include the costs for the site
preparation, establishment, harvest, transport, and
UHPRYDO RI VWXPSV DW WKH HQG RI FURS¶V OLIH F\FOH
[22]. Site preparation and establishment costs are
similar in all scenarios. For the harvest and transport
costs, however, the different parameters suggested in
the EcoWillow model were adopted; but, prices were
DGMXVWHGDFFRUGLQJWR7XUNH\¶VSUHYDLOLQJFRVWV[15].
Expenditure costs were based on the prevailing
rental and wages in Turkey (www.orman.gov.tr,
3/5/2015) and customary rates in the KFD region.
Gross revenue (R) and expenditures (E) values were
used to estimate the projects internal rate of return
(IRR) and net present value (NPV) at ages 13 and 22.
The optimistic scenario (i.e. 10% increase in

parent materials consisting of sand stones, sandy
shale, clay stone, and siltstone [18]. The vegetation
consists mainly of broadleaved forests (e.g. Fagus
spp., Quercus spp., Populus spp.), particularly in the
lower elevation, and coniferous forest in the higher
elevation (e.g. Pinus spp. Picea spp.) [19]. The KFD
region is one of the 27 forest regions, comprising
about 5.8% of 21,678,134-ha forestlands in Turkey
[20].
Estimation of technically available lands.
The determination of technically available lands was
based on the following constraints: within 0.5 km
IURPDFFHVVURDGVORSHZLWKLQ-km radius
centered on Kastamonu City, and discounts water
bodies, production forest, landslide risk areas,
settlement areas, sandy soil, and rocky areas.
Different land-uses were separated from digital
maps using a spatial analysis tool of the geographical
information system (GIS). All map attributes (e.g.
slope, land-use, roads) were separated using overlay,
specifically union and intersect tools.
The separation of suitable areas within 0.5 km
from the access road was performed using a
proximity analysis. Slope data were generated using
a digital elevation model (DEM). The slope
separation between 0% to 10% and 11% to 20% was
done using slope and intersect tools. Calculation of
the size of each land-use and area distribution was
done using an export data tool. All analyses were
SHUIRUPHGXVLQJ$UF*,6¶V$UF&DWDORJDQG$UF0DS
Software (version 10) by the Environmental Systems
Research Institute (ESRI).
Financial and Economic Analyses. The
economic returns were evaluated based on three

FIGURE 1
Map showing the Kastamonu forest region in Turkey.

1814



© by PSP

Volume 26 ± No. 2a/2017, pages 1813-1823

Fresenius Environmental Bulletin

CO2e ha-1), N2O from N fertilizer (3.97-Mg CO2e ha1
) and N2O from leaf litter (7.28-Mg CO2e ha-1) for a
total period of 22 years [28]. CO2 equivalents (CO2e)
were calculated by multiplying C contents of each
biomass components (i.e. 49.01% for AGS, 48.01%
for BGS, 46.38% for CR), expressed on dry weight
basis, by a conversion factor of 3.67 [12, 29].

revenues and a 10% decrease in costs) and
pessimistic scenario (i.e. 10% decrease in revenues
and a 10% increase in costs) were also included in
the calculation of NPV and IRR to provide
sensitivity to changing costs or revenues [15]. Gross
revenues were calculated by multiplying the volume
of biomass yields per harvest cycle and the market
price of biomass at the plant gate (ca. $50 Mg-1 wet
wt.). This study assumed a harvest cycle of 3 years;
a rotation other than 3 years results in less total
biomass production over the entire life cycle of the
crop. A longer rotation also result in stem diameter
too large for mechanize harvesting [22]. The 3-year
harvest cycle also ensure sustainability of biomass
supply of biomass feedstock for energy generation
[23]. Annual net revenue and break-even price were
also calculated. All calculations of the NPV, IRR,
annual net revenue, and break-even price were
performed using the EcoWillow 2.0 financial
analysis model developed by the State University of
New York-Environmental Science and Forestry [21,
22, 24].

RESULTS AND DISCUSSION
In the KFD region, willows are native species
and naturally growing across the region, particularly
in lowland areas. Willow species are grouped into
two sub-genera, eleven sections and twenty species
with few tree-formed like variety [30], including S.
alba, S. fragilis, S. excelsa, and S. acmophylla.
Previous reports on the growth performance and
wood properties of the 53 tree-like formed willows
in Turkey demonstrated that willow clones (S.
excelsa and S. alba) originated from Marmara and
black sea regions produced the highest volume of
biomass production at the test site (i.e. nursery
OHYHO ZLWKELRPDVV\LHOGVJUHDWHUWKDQ-odt ha-1
yr-1 [16, 30].
The SWB grows best in soil with good aeration,
adequate water, available nutrient, slightly acidic to
basic (pH 5.5 to 8.5) soil, sandy loam to silt or clay
loams, soil depth of at least 18-inches [31]. These
growth conditions for willows are present in the
KFD region, as reported by Sariyildiz [32]. The KFD
region is also high in precipitation rates (875.4 mm
to 1175.8 mm) although Turkey is generally
classified as a semi-arid climate, Kastamonu is
different because of its high precipitation rate [17].

Carbon sequestration calculation. The C
sequestration of the SWB production system was
estimated over the entire life cycle (22 years) of
crops, from nursery production to the farm gate,
consistent with previous reports [12, 25]. The
calculation of C inputs included only the belowground stool (BGS), aboveground stool (AGS), and
coarse roots (CR) biomass components. AGS refers
to that portion of stem that is left above the soil
surface after harvesting the stems (a.k.a. stump)
while BGS the belowground portion of the planted
cuttings where coarse roots emerge. The stem, fine
roots, and foliage biomasses were excluded because
in the SWB production system, these components
are not considered sources of C sink. The stems are
harvested every three years [25] while the C
sequestration in fine roots and foliage are used to
offset CO2 outputs from soil respiration [13].
Carbon amounts are usually estimated using
allometric equations, based on aboveground biomass data [26]. In this study, we also employed
allometric equations to estimate the biomass
productions in the AGS, BGS, and CR. For the SWB
production system, Pacaldo et al. [12] generated the
following regression equations:
AGS = 4.58 LN (age) - 2.20; BGS = 14.10 LOG
(age) - 7.38; CR = 4.36 LOG (age) + 0.19.
For the soil organic carbon (SOC), the current
study assumed no change in SOC contents or a zero
contribution, in corroboration with a previous
finding that no significant different of SOC contents
across a 19-year chronosequence of SWB fields [27].
In estimating the net C sequestration, an amount of
17.8-Mg CO2e ha-1 was deducted from the total
amount of C sequestration in AGS, BGS, and CR to
compensate for CO2 emissions from the diesel fuel
(3.18-Mg CO2e ha-1), agricultural inputs (3.37-Mg

Technically Available Lands. The KFD
region has a total land area of about 13,212.02-km2,
consisting of productive forest (38%), agricultural
lands (31%), degraded forest (21%), inadequately
stock/poor growth forest (6%), settlement area (2%),
pasture lands (1%), water bodies 0.04%), rocky areas
(0.97%), sandy soil areas (0.24%), and landslide
prone areas (0.01%) [15]. Out of this, technically
available lands are about 3,109.98-km2 (Table 1).
About 79% of these lands are within 0 to 10% slope
and all potential planting areas are located within 0.5
km from the nearest access road [15]. Contiguous
land area of more than 10-ha is relatively large,
comprising about 75% of the technically available
lands (Table 2).
Agricultural land, comprising about 63% of the
suitable lands, is considered the most suitable area
for SWB production. To meet biomass feedstock
production without compromising the food, feed,
and export demands in the agricultural sector, our
analysis assumed that only 20% of the agricultural
lands could be utilized for biomass projects. This
proportion, however, is a conservative estimate,
which means this could increase in the actual SWB
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TABLE 1
Size of land areas that met the criteria of land-XVHVXLWDELOLW\VORSHDFFHVVLELOLW\DQGZLWKLQ-km
radius centered on Kastamonu City. Land areas outside the 50-km radius are also indicated to show other
potential sites for WB development.
Within 50-km Radius (km2)
0-10% slope
11-20% slope
Agricultural Lands
1549.67
408.84
a
Degraded Forest
592.80
151.07
b
Open Forest
290.66
103.47
Pasture Lands
10.46
3.00
Total
2443.59
666.39
a
forestlands that had been harvested
b
poor growth stands with forest cover of less than 10%
Land-Uses

Outside 50-km Radius (km2)
0-10% slope
11-20% slope
528.98
159.67
325.41
74.70
82.88
19.48
11.70
1.70
948.97
255.55

TABLE 2
Land-size classification within 20% slope of suitable land-uses (agricultural lands, degraded forest, open
forest, and pasture lands) inside and outside 50-km radius centered on Kastamonu City.
Size of Land Area (ha)

1.1 ± 2.0
2.1 ± 3.0
3.1 ± 5.0
5.1 ± 10.0
> 10

Potential Land Areas (km2 VORSH
Within 50-km Radius
Outside 50-km Radius
60.78
43.62
96.16
65.44
98.56
62.64
178.62
105.71
346.41
200.65
2329.46
726.45

high delivery cost that affects the profitability of
SWB investments [35].
Deployment of the SWB crops in the estimated
1 million hectares of unproductive areas in Turkey
[36] could generate about $840 million per year,
assuming a biomass yield of 22.5-Mg ha-1 (i.e. BC
scenario) and buying a price of $50 Mg-1 (wet wt.).
If the estimated 2 to 3 million hectares, consisting of
industrial wood plantations in state lands and
rehabilitation areas in forest lands [37], are included
in the development program, it is expected that more
income will be generated. Moreover, SWB
investments also create jobs, which would certainly
revitalize the rural economy. Buchholz and Volk
[21] estimated that about 20 to 60 jobs could be
created per MWe generation capacity of the power
plant.
Costs for the site preparation, establishment,
harvest, and transport, through to first commercial
harvest, ranged from $1318 ha-1 for the BC scenario
to $1197 ha-1 for both the AC and WC scenarios.
Harvest and transport costs are relatively large,
ranging from 19% to 40%, respectively. Based on
TurkH\¶V SUHYDLOLQJ IRUHVWU\ UDWHV WKH UHPRYDO RI
above- and belowground stools is about $400-ha-1.
Total costs for production feedstock production are
about $780 for site preparation, $968 for
establishment, $80 for weeding, and $120 for
recurring fertilizer (each harvest cycle).

development, depending on the socio-economic
impacts of the project.
Inclusion of 20% agricultural lands generates a
net total available potential planting area of about
1,554.51-km2. Assuming 80% of these lands are
fully planted with SWB crops, the estimated annual
biomass productions ranged from 2.7- to 1.2-Gg yr-1
(we wt.) for the BC and WC scenarios, respectively.
The biomass yield of BC scenario could potentially
support a bioenergy power plant with sustain
generating capacity of more than 200 MW(e) power
plant, assuming that 1 MW(e) needs about 550-ha of
short rotation woody crops biomass plantations [22,
33].
Financial and Economic Benefits. In the KFD
UHJLRQILEHUERDUGLQGXVWULHV¶EX\LQJSULFHLVDERXW
$50-Mg-1 (wet wt.) at the plant gate. With this price,
the annual gross revenues are about $130.6-, 86.5-,
and 57.6-million for the BC, AC, and WC scenarios,
respectively. These estimates could increase
dramatically if we include the 1,204.52-km2 in the
KFD UHJLRQ¶VODQG ZLWK slopes, but outside the
50-km radius from Kastamonu &LW\¶VFHQWHU 7DEOH
2). However, the profitability is decreased due to
high transportation costs. Castellano et al. [34]
pointed out that transport cost is less efficient beyond
40 km radius from the market site. Beyond 75 km
transport distance from the market place results in
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the WC scenario to $3400 ha-1 for the BC scenario
(Table 3).
The internal rate of returns (IRR) of the 1-ha
project size increased from 18.1% to 20.1% for the
BC scenario, 7.3% to 10.7% for the AC scenario, and
-9.3% to -4.0% for the WC scenario. A longer
investment period generates higher net revenue than
a shorter investment period. In the BC scenario, the
NPV increased by about 81% (i.e. $2112 at age 13
and $3832 at age 22) for the 1-ha project size and
68% (i.e. $31096 at age 13 and $52226 at age 22) for
the 10-ha area project size. This suggests that

Per harvest, the biomass yields were about 68, 45- and 30-Mg ha-1 (wet wt.) for the BC, AC, and
WC scenarios, respectively. Twenty percent (20%)
was deducted from the total cumulative biomass on
first commercial harvest to compensate for the lower
biomass increment during the first growing cycle
[22]. The site and establishment costs, however,
were offset by the income generated during the first
commercial biomass harvests, particularly for the
BC scenario. From the second harvest cycle and
onward, the gross revenues ranged from $1500 for

19

22
Harvest

16

Harvest

13

Harvest

10

Harvest

7

Harvest

4

Harvest

$ ha-1 yr-1
$ ha-1
$ ha-1
$ ha-1
$ ha-1
$ ha-1

1

Harvest

Coppice Age
Expenditures
Land Costs
Vegetation Removal
Plowing
Disking
Planting Costb
Pre-emergence Herbicide
Weed Control
(1st Growing Season)
Coppice (cutback)
Weed Control
(2nd Growing season)
Fertilizer
(recurring cost each harvest)c
Harvest Cost
BH22.5
BH15
BH10
Transport Coste
BH22.5
BH15
BH10
Stock Removal at project end
Total
BH22.5
BH15
BH10
Harvested Biomass of Leafless
Stems (wet wt.)
BH22.5
BH15
BH10
Gross Revenue
BH22.5
BH15
BH10

0

Estab

Field Activity

Unit

WB Age (Year)

Soil Prep.

TABLE 3
Estimated expenses, biomass harvest, and revenues for the willow biomass production for 22 years
investment period.

0

3

3

3

3

3

3

3

150

150

150

150

150

150

150

50
356
285
89
698
190

$ ha-1

80

-1

80

$ ha-1

80

$ ha-1

120

120

120

120

120

120

$ ha-1
$ ha-1
$ ha-1

340
294
294

425
367
366

425
367
366

425
367
366

425
367
366

425
367
366

425
367
366

$ ha-1
$ ha-1
$ ha-1
$ ha-1

548
473
473

684
591
591

684
591
591

684
591
591

684
591
591

684
591
591

684
591
591
400

1318
1197
1196

1379
1228
1227

1379
1228
1227

1379
1228
1227

1379
1228
1227

1379
1228
1227

1509
1358
1357

Mg ha-1
Mg ha-1
Mg ha-1

54
36
24

68
45
30

68
45
30

68
45
30

68
45
30

68
45
30

68
45
30

$ha-1
$ha-1
$ha-1

2700
1800
1200

3400
2250
1500

3400
2250
1500

3400
2250
1500

3400
2250
1500

3400
2250
1500

3400
2250
1500

$ ha

$ ha-1
$ ha-1
$ ha-1

780
780
780

968
968
968

a

Expenditure prices are estimated using the published data from Turkey Forest Directorate for 2015
(www.orman.gov.tr)
b
Planting costs include labor, acquisition of 13,500 cuttings per hectare at 0.03/cutting, equipment rent, and
supplies
c
Fertilizer is applied at 100 kg ha-1 (Heller et. al. 2003)
d
Current price of biomass (wet weight) at the plant gate
e
transport distance within 50 km radius to Kastamonu City Center
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optimum buying price ($50) of wood chips by
fiberboard industries in Kastamonu region [15].
In the BC scenario, the SWB field could be
terminated at age 13 with reasonable return of
investments. For a project size of 1-ha, the NPV is
about $2112 at the 4th commercial harvest; but,
farmers could generate 81% more income ($3832) if
the project is terminated at the end of 22 years.
Increasing the project size to 10-ha, however, results
LQDQLQFUHDVHRI139E\DWWKHHQGRIFURS¶V
life cycle. The IRR also increased by about 2% from

biomass farmers generate more income if they
choose to terminate the project at age 22. Similarly,
NPV increased, from 100% ($12080 to $ 24163) for
the 10-ha to 388% (i.e. $297 to $1153) for the 1-ha,
and about 100% ($12080 to $ 24163) for the 10-ha.
In the WC scenario, a small project size (1 ha) is not
profitable due to the negative IRR value. But,
increasing the project size to 10 ha results in a
positive IRR (8.1%) (Table 4). Generally, the 1-ha
project size is not promising because the break-even
price ($54.1) is much higher than the current

TABLE 4
Net present values and internal rate of returns of different biomass yields scenarios, project sizes, and
length of investment period.
WB Area Scenarios
Net Present Values (NPV) and
Internal Rate of Returns (IRR)a
(a)
BH22.5 Scenarioc
Net Present Value
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Internal Rate of Return (%)
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Revenues
Annual Net Revenue
Break-even Price
(b)
BH15 Scenariod
Net Present Value
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Internal Rate of Return (%)
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Revenues
Annual Net Revenue
Break-even Price
(c)
BH10 Scenario e
Net Present Value ($)
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Internal Rate of Return (%)
Realistic
Optimistic (R+10%; E-10%)
Pessimistic (R-10%; E+10%)
Revenues
Annual Net Revenue
Break-even Price

1 hectare

10 hectares

Unitb

13 yrs.

22 yrs.

13 yrs.

22 yrs.

$ ha-1
$ ha-1
$ ha-1

2112
3258
966

3832
5452
2213

31096
41557
20635

52226
67031
37421

18.1
24.8
11.3

20.1
26.7
14.1

24.1
30.3
17.9

25.4
31.3
19.9

$ ha-1yr-1
$ Mg-1(wet wt.)

399
30.5

485
27.4

536
23.5

623
20.8

$ ha-1
$ ha-1
$ ha-1

297
1172
-578

1153
2373
-67

12080
19920
4241

24163
35099
13228

7.3
13.8
0.1

10.7
16.3
4.6

14.0
19.7
8.3

16.4
21.5
11.5

$ ha-1yr-1
$ Mg-1(wet wt.)

135
40.8

206
36.1

260
31.3

330
27.2

$ ha-1
$ ha-1
$ ha-1

-1210
-485
-1934

-1070
-73
-2067

-754
5353
6861

5223
13601
3156

-9.3
0.0
-

-4.0
4.5
-

4.3
9.9
-1.7

8.1
12.8
3.0

-84
61.1

-25
54.1

73
43.2

133
37.1

$ ha-1yr-1
$ Mg-1(wet wt.)

a

NPV and IRR were calculated at discounted rate of 5% per annum
US$ ($ = 2.40TL)
c
BH22.5 ± biomass increment of 22-Mg ha-1 yr-1
d
BH15 -biomass increment of 15-Mg ha-1 yr-1
e
BH10 -biomass increment of 10-Mg ha-1 yr-1
b
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components is about 52.3 Mg CO2e ha-1 at the end of
22 years. Subtracting this amount by 17.8-Mg CO2e
ha-1, LH IRVVLO IXHOV DQG IDUP LPSOHPHQWV¶
emissions) [28], the net C potential of SWB at the
end of 22 years is about 34.5 CO2e ha-1. The C
sequestration rates increased rapidly during the first
three rotations, and then stabilized at around age 13
and onward (Table 5).
Carbon sequestration in the terrestrial
vegetation and soils is the most effective and less
expensive strategy to reduce the level of CO2
concentrations in the atmosphere. Many studies have
shown that planting of fast growing trees increases
the source of carbon sink [38]. For example,
mangrove forest, it was observed that SOC storage
increased in association with biomass growth [39].
Although agricultural production often results in
deterioration of SOC contents, some researchers
observed an increase in SOC content in uppermost
soil horizon in agroforestry fields [40] and in
croplands due increased productivity [41]. In
contrast, loss of vegetation, such as drying up or
conversion of wetlands into another land-use, results
in decreased C stocks [42].
In the case of SWB, previous report showed
that SWB production system is not only a source of
renewable energy, but also a carbon sequestration
[14, 29]. Also, the SOC remains unchanged over the
entire growing period [27], and soil nutrients remain
stable despite repeated harvest cycles (i.e. seven 3yr cutting cycle) [43].

13 to 22 years for 1-ha, and 1% for 10-ha project
size.
The NPV of AC scenario, however, suggests
that it is best for farmers to wait until 22 years to
maximize the return of investment. For the 1-ha
project size, the NPV increased by about 288% from
age 13 ($297) to age 22 ($1153). The IRR also
increased by about 3.4% from 13 to 22 years. In a
10-ha project size, the NPV is doubled or a 100%
increase from 13 to 22 years (i.e. $12080 to 24163).
The reason for increased profitability in larger
project size is the increased efficiency in the harvest
costs [22]. The SWB project, however, is not
profitable in low biomass yields scenario (10-Mg ha1
yr-1) and small project size (1-ha). In KFD region,
however, small size landholding is only about 2% of
the total technically available lands of 310,998-ha
(Table 2).
One of the setbacks in the SWB investments is
the ORQJZDLWLQJSHULRGEHIRUHWKHEÕRPDVVfarmers
and investors get back the return of their
investments. In SWB development, most of the costs
are paid during the first three years, as the site must
be prepared and maintained, and willow cuttings
must be purchased and planted [35]. In this study, the
BC scenario reached its payback period at around
age 7 and the AC scenario at age 10. The WC
scenario did not reach its payback period over the
entire 22 years period, except for the 10-ha, in which
the growers are likely to get payback at about age 13
(Fig. 2).
Carbon sequestration. The amount of C
sequestration in the AGS, BGS, and CR biomass

FIGURE 2
Undiscounted cumulative cash flow (US$ ha-1) for the three biomass increment scenarios: (a) 22.5-Mg
ha-1 yr-1, (b)15-Mg ha-1 yr-1, and (c)10-Mg ha-1 yr-1. An optimistic scenario means a 10% increase in
revenues and a 10% decrease in costs. In contrast, a pessimistic scenario means 10% decrease in
revenues and a 10% increase in costs.
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TABLE 5
Estimated oven-dry weight (ODW) (Mg ha-1) of the aboveground stool (AGS), belowground stool (BGS),
and coarse roots (CR), and their corresponding carbon sequestration equivalents (Mg CO2e ha-1). The
negative signs indicate C sinks.
Biomass Components
AGS
BGS
CR

4
4.2
-7.6
1.1
-2.0
2.8
-4.8
8.1
-14.4

Biomass
CO2e
Biomass
CO2e
Biomass
CO2e

Total Biomass
Total CO2e
b
CO2 emissions from farm machinery and implements
(diesel fuel, N2O inputs from fertilizer and leaf litter, Ag.
Inputs)
Net Total CO2e.
a

7
6.8
-12.2
4.5
-8.0
3.9
-6.6
15.2
-26.8

Age (Year)
10
13
16
8.4
9.6
10.6
-15.2 -17.3 -19.1
6.7
8.3
9.6
-11.8 -14.7 -16.9
4.5
5.0
5.4
-7.7
-8.6
-9.3
19.6
22.9
25.6
-34.7 -40.6 -45.3

19
11.4
-20.5
10.7
-18.8
5.8
-9.8
27.9
-49.1

22
12.1
-21.7
11.5
-20.3
6.0
-10.3
29.6
-52.3
17.8
-34.5

Pacaldo et. al. (2013)
Heller et. al. (2003)

b

to biomass farmers through the program called as
Biomass Crop Assistance Program (BCAP).
(www.esf.edu/willow/BCap.htm, 3/31/2015). Also,
forging collaboration amongst research institutions,
wood-based industries, and government agencies in
Turkey is also a critical factor to attain success in the
development of SWB program in the KFD region [9,
28].
Increasing the biomass yields is a key factor to
augment the profitability of SWB project. Thus,
future research should focus on field trials and
breeding programs to improve the biomass yield of
native willow species. Breeding programs should
include testing of non-native shrub willow clones
that have been successfully grown in US and Europe,
such as Salix dasyclados (SV1) and Salix purpurea
(Fish Creek) and their cross breeds (e.g. SX61,
SX64, SX67). These clones have promising biomass
yields, ranging from 13- to 24-odt ha-1 yr-1 [28, 45].
Currently, new hybrids of these clones (SX61,
SX64, SX67) produced a much higher bio-mass
yield, ranging from 23.4 to 32.4 odt ha-1 yr-1 on the
fourth rotation [10]. Yield improvement studies in
North America have demonstrated increases in yield
between 20% to 40% [46]. In UK, the Terra Nova (S.
miyabeana x S. viminalis x S. triandra) willow clone
has shown promising biomass yields in southern
Europe. Moreover, studies on the feasibility of
incorporating agricultural intercropping during the
first three years of SWB plantations should also be
conducted. Finally, future studies should also
include social marketing to ensure social
acceptability of the biomass energy project at the
grassroots level.

In this study, the estimated C sequestration
(34.5-Mg CO2e ha-1) at the end of the life cycle of
the crop is consistent with some previous report for
the SWB production system in US [12]. Scaling up
this value (i.e. 34.5-Mg CO2e ha-1) to the total area
of 1,388.85-km2 potential planting areas, the total
amount of C sequestered is about 4,791.53-Gg CO2e
at the end of 22 years or 271.8-Gg CO2e yr-1. This
amount could offset about 48% of the estimated
459.1 Gg CO2e yr-1 GHG emissions in Turkey for
2013 [44]. If we factor in the carbon values at $13
per Mg CO2e, based on market price posted in the
California
Carbon
Dashboard,
(http://calcarbondash.org [2/8/2016]), an additional
total revenue of about $622,900,005 could be
generated or an additional $4,485 ha-1 per harvest as
an additional income opportunity for SWB growers.

CONCLUSION
Development of SWB in the KFD region is
highly feasible given the large parcel of lands that
could technically be available for the development
of the SWB, positive economic returns, and carbon
sequestration benefits. Biomass yield is a critical
factor to ensure profitability of willow biomass
investments. A positive economic return is insured if
the biomass yield is greater than 10-Mg ha-1 (odw).
The project size also affects the economic returns of
biomass production investment. Larger project size
is more profitable than smaller ones.
Some obstacles in the SWB production,
however, include the high cost of establishment,
delayed cash flow, uneven returns of investment (3
to 4 years), and uncertainty in market for the shrubwillow biomass [22]. Thus, financial incentive from
the government is crucial to buffer this no income
period. In US, the USDA extended cash assistance
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ABSTRACT

INTRODUCTION

Community structure of coral reef fishes in
relation to habitat and depth in the northern Gulf of
Aqaba/Jordan were studied by visual census method.
Changes of the fish community structures between
summer and winter were determined. A total of
27882 fish individuals representing 65 species and
16 families were recorded. Fifty five and fifty eight
species were recorded during summer and winter,
respectively. The most abundant species was
Neopomacentrus miryae (Arabian damselfish) with
relative abundance (RA) of 64.3%. This was
followed by Pseudanthias squamipinnis (RA=
2.9%), Pomacentrus trichourus (RA=1.14%) and
Dascyllus aruanus (RA=0.7%). The lowest number
of individuals was found at the back reef flat. In
terms of fish families, the most common were
Pomacentridae (RA=70.16%), followed by Serranidae (RA=27.8%) and Labridae (RA=0.77%),
which together constituted about 95% of the total
fish population. The results indicate significant
differences in fish assemblages between summer and
winter seasons (p<0.001) for the number of
individuals (N), Species richness (d) ShannonWiener Diversity Index (H`) and Evenness (J). The
number of individuals in summer season was much
higher than in winter season, possibly due to the
spawning season that occurred in summer. The
results of fish - coral relationship showed that
branching corals were the most abundant benthic
coral forms in the studied site, followed by massive
and encrusting corals. There was a strong correlation
coefficient between branching corals vs. number of
fish species (S) (R=0.72), as well as between
encrusting coral vs. number of species (S) (R=0.71),
also the total living corals vs. number of species (S)
(R=0.555). On the other hand, week correlation was
observed between the number of species (S) vs. other
coral forms. Therefore, strong links relationship
between coral and various fish species in the coral
reef environment.

The Jordanian coast (27 km long) is part of the
Gulf of Aqaba (GOA), which is a semi-enclosed sea
connected to the Red Sea by the shallow sill of Tiran
[1, 2]. It is also considered as separated biogeographical region in the Red Sea [3], where corals,
fishes and other reef organisms create distinct
assemblages [3, 4].
Many fishes are highly mobile and are able to
respond rapidly to changes in their physical
environment and their distribution and abundance is
linked to their habitat and food requirements [5].
Coral reefs play an important role for a range
of organisms. Their intricate physical structure
provides an ideal setting for a system of complex
ecological interactions, thus making coral reefs a
good source of food and shelter [6]. Red Sea Coral
reefs are among the most diverse and exquisite of the
Indo-Pacific zoogeographical region [7]. More than
1,280 fish species are known from the Red Sea so far
[8]. At the northern tip of the Gulf of Aqaba, corals
and fish communities are at the extreme northern end
of their west Indo-Pacific distribution. Several
studies on fish community structure (for some fish
families) were carried out along the Jordanian coast
Chaetodontidae [9], labridae [10] and Pomacentridae [11].
Eutrophication and increasing sedimentation
flowing from disturbed terrestrial environments,
over-exploitation of marine species, mining and
physical destruction by reef users are the main
causes of reef destruction [12]. Based on Hutchings
[13], bioerosion is the major factor that influences
reef morphology. In Jordan, there are several local
threats that impact the coral reefs, especially those
located close to human activities [14].
The Relationship between topographic
complexity of coral reefs and diversity of their fish
communities [15, 16, 17] indicates that the structure
of coral reef fish communities can be influenced by
the physical complexity of the substrate. It appears
that increased surface area provides a greater
diversity of shelter and/or feeding sites. The complex
architecture of coral reefs offer shelter to an
extremely diverse fauna [18]. Much of the bio-

KEYWORDS:
coral reef fishes, community structure, Gulf of Aqaba, Red
Sea

1824

© by PSP Volume 26 ± No. 2a/2017, pages 1824-1834Fresenius Environmental Bulletin

diversity underlie complex mutualistic associations
among reef organisms [19, 20].
Bell and Galzin [21] observed that there was a
positive relationship between live coral cover and
total number of species, number of species 250 m²,
and number of individuals 250 m². Species richness
of the Chaetodontidae, Pomacentridae, Labridae,
Scaridae. Acanthuridae and Gobiidae rose with
increasing live coral cover [21]. Some fishes depend
directly on live coral for food [22-24].
The aim of this study is to determine the
community structure of the fish in relation to coral
habitat and depth with following objectives:
xTo study the distributional pattern and the
abundance of coral reef fish at various depths
including the back reef flat, fore reef flat, 5 m, 10 m,
15 m, 20 m and 25 m.
xTo examine the relationship between coral reef
fishes and the dominant living coral complex
(combination of soft coral and hard coral).
xInvestigate the fish community structure changes
between summers and winter seasons.

the back reef flat, the fore reef flat, 5 m, 10 m, 15 m,
20 m and 25 m.
Fish visual census. All fish surveys were
conducted by visual census technique with SCUBA
diving modified after English et al. [25]. A total of
21 quadrates were deployed (each with 10 m long
and 2 m width), where 3 replicates (separated by 3 m
intervals), were used at each depth, lined parallel to
the shoreline. A digital camera was used to take
photos for unknown fishes to make it easy to identify
later. To let the fish resume their natural behavior, 5
minutes break were taken before counting each time.
The observer swam along the transect and
recorded the pelagic and schooling fishes in the first
round, and in the second round the benthic coral reef
fishes encountered within the transect were
recorded. 2QO\¿VKHVWKDWSDVVHGLQIURQWRIWKHGLYHU
were recorded and a whole school was counted if one
RILWV¿VKFURVVHGWKHWUDQVHFW [26]. The duration of
the fish count was about 20 minutes (Fig. 3).
Summer and winter seasons were chosen to
check for seasonal patterns of the fish community,
where the same survey was repeated in both seasons.
For summer season, the period of study extended
between June and August, while January and
February were representing for winter season.

MATERIALS AND METHODS
Study site. This study was carried out at the
coral reef reserve in front of the Marine Science
Station (MSS) at coordination of N ÛE 034
58 434 (Fig. 1).
Reefs in this area are fringing reefs and extend
from the shallow waters to a depth of more than 70
m. The back reef flat extends about 30 m from the
highest tide to the front reef flat (1 -5 m). Seven
depths were selected in this study, which included

Benthic survey. The same quadrates
mentioned above were photographed by digital
camera and the photos were analyzed to identify the
coral forms. The corals were classified according to
their forms into branching coral (BC), massive coral
(MC), columnar coral (Co), folliacious coral (Fo),
encrusting coral (En), solitary coral (SO), in addition
to the soft corals (SC) and the dead coral (DC).

FIGURE 1
Map of the study site in front of the Marine Science Station in the northern Gulf of Aqaba.
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TABLE 1
Summary of biological parameters of fish surveys at different transects and depths during summer 2014
in front of the Marine Science Station in the northern Gulf of Aqaba.
Total number of fish
record
No. of transect
No. of species
Av. no. of
species/transect
Highest Relative
Abundance
Second highest RA
Other abundant
species RA from
Appendix 1
Frequency of
Abundance FA 100%
(all transects)
Species richness
(min) D
Species richness
(max) D
Lowest species
diversity H
Highest species
diversity H
Lowest Eveness
Highest Eveness
Total number of fish
record
No. of transect
No. of species
Av. no. of
species/transect
Highest Relative
Abundance
Second highest RA
Other abundant
species RA from
Appendix 1
Frequency of
Abundance FA 100%
(all transects)
Species richness
(min) D
Species richness
(max) D

BRF

FRF

5m

10 m

62
3
36
4

317
3
51
3

175
3
53
5.9

412
3
42
4.7

T. rueppellii
A. nigrofuscus

18.5%
11.3%

P. trichourus
D. aruanus

22.7
15.0%

N. melas

9.7%

N. melas

2.7%

S. diadema, A sexfasciatus, C.
unimaculataD. aruanus, N.
melas, P. leucozonus, P.
trichourus, S. albovittata, and
A. nigrofuscus
2.67± T3

D. aruanus
P. trichourus
D. marginatus
A. nigrofuscus

25.3%
21.2%
5.6%
5.6%

A. bicinctus,
Chromisdimidiataand D.
aruanus,

Chaetodonfasciatus,
Chaetodontrifascialis, and
Amphiprionbicinctus

N. miryae
P. quamipinnis

91.0%
1.9%

P. trichourus

1.7%

P. squamipinnis, P. trichourus,
and, L. dimidiatus

2.89± T3

3.29 ± T1

3.13± T2

4.01 ± T2

5.00 - T3

1.77 ± T2
2.92 ± T1

2.17± T3

2.17± T3

1.85 ± T2

0.29 ± T1

2.41± T1
0.90± T3
Frequency of Abundance FA
100% (all transects)
15 m

2.37 ± T1
0.79 ± T1
0.83 ± T3

2.64 ± T3
0.74 ± T2
0.82 ± T3

2.17 ± T3
0.11 ± T1
0.82 ± T3

20 m

25 m

All summer transects

238
3
32

98
3
40

195
3
28

2186
21
55

N. miryae
A. taeniatus

75.7%
22.3%

N. miryae
A. taeniatus

57.2%
36.7%

N. miryae
C. varilineata

84.6%
4.0%

N. miryae
A. taeniatus
P. squamipinnis

66.9%
24.9%
2.9%

P. trichourus

0.6%

P. squamipinnis

5.8%

G. caudovittatus

3.9%

P. trichourus

1.14%

D. aruanus

0.7%

A. taeniatus, C. dimidiata, and
P. trichourus,

B. anthioides, G. caudovittatus,
and, A. taeniatus

G. caudovittatus, Pygoplites
diacanthus and A. nigrofuscus

1.04 ± T3

1.31 ± T1

5 ± T1

1.19 ± 15 m

1.30± T2

1.70 ± T1

15 ± T3

3.63 - 5 m

Lowest species
diversity H

0.33 ± T1

0.69 ± T 3

1.02 ± T1

0.61 ± 15 m

Highest species
diversity H
Lowest Eveness
HighestEveness

0.80 ± T3
0.17 ± T1
0.36 ± T3

1.10 ± T1
0.27 ± T1
0.40 ± T3

2.53 - T3
0.88 ± T1
0.36 ± T3

2.31 - BRF
0.26± 15 m
092 - BRF

counted that were of species i. Species richness (d)
was calculated as follows:

Statistical analysis. Statistical analysis was
done according to the methods described by Sokal
and Rohlf [27], implemented in the computer
software Stat View. Community indices of fish
abundance and species richness were compared
among sites and depths using the Kendalls Rank
Correlation Test. Abundance of fishes were
described as relative abundance (RA) and frequency
of appearance (FA), calculated as follows:
RA

d

Where S is the total number of species, N is the
total number of individuals that both were performed
using PRIMER-5 software [29]. Statistical analysis
for significant differences and linear regression was
performed using SPSS (ver. 17.0). One way
ANOVA test (parametric test for normal distribution
data) and Kruskal-Wallistest (non-parametric test for
non-normal distribution data) were performed to
examine the significant differences (p<0.05)
between sites (depth) vs. growth forms (Branching
coral, Encrusting coral, Massive coral, Folliacious
coral, Dead coral), and between sites (depth) vs. S,
N, d, J and H'.

Xi
u 100
Ya

Where, Xi is the pooled average abundance of
species i from each depth and site, Ya is the pooled
average abundance of all species from each depth
and site:
FA

( S  1)
log N

Ni
u100
Nt

Where Ni is the number of transects in which
species i was present and Nt is the total number of all
transects. Species diversity was calculated from the
Shannon-:LHQHU'LYHUVLW\,QGH[>@+ƍ -  SL
ln pi), where pi is the proportion of all individuals
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xbicinctus, Half and Half chromis Chromis dimidiate
and D. aruanus (found at 5 m depth).
xP. squamipinnis, P. trichourus, and, L. dimidiatus
(found at 10 m depth).
xtaeniatus, C. dimidiata, and, D. aruanus (found at
15 m depth).
xanthioides, G. caudovittatus, and, A. taeniatus
(found at 20 m depth).
xG. caudovittatus, Pygoplites diacanthus and A.
nigrofuscus (found at 25 m depth).
Winter Survey. (1) Predominant species.
Table 2 shows the relative abundance of all fish
species during winter. The most abundant species in
the back reef flat (BRF) were A. nigrofuscus
(RA=21.0%), N. melas (14.5%) and T. rueppellii
(RA=11.3%). Whereas, the most abundant species in
the fore reef flat (FRF) were A. sexfasciatus
(RA=15.0%), D. aruanus (11.9%) and P. sulfurous
(RA=8.8%). The most abundant species at 5m depth
were D. aruanus (RA=30.9%), P. trichourus
(RA=22.9), and T. rueppellii (8.0%). While, at 10 m
depth the most abundant species were N. miryae
(RA=34.0%), A. taeniatus (RA=13.8%) and P.
squamipinnis (RA=9.7%). The most abundant
species at 15 m depth were C. dimidiate (19.3%), A.
taeniatus (RA=15.1%), and P. squamipinnis
(RA=14.7%). While at20m depththey were, N.
miryae (RA=74.2%), P. squamipinnis (RA=6.2%)
and C. dimidiate (RA=4.8%). Finally, the most
abundant species at 25 mdepth transects were, G.
caudovittatus
(RA=27.5%),
C.
varilineata
(RA=14.5%), and P. trichourus (RA=9.4%).
The fish abundance in winter revealed the
following orders were N. miryae (RA=33.9%), P.
trichourus
(RA=7.5%),
P.
squamipinnis
(RA=6.0%), D. aruanus (RA=5.9%), C. dimidiate
(RA=4.7%).
(2) Most common fish species. Table 2
represents the most frequent fish species during
winter. The fish species that were encountered at all
transect and represented 100% of (FA) are:
xD. aruanus, N. melas and P. leucozonus (found at
BRF).
xExquisite butterflyfish Chaetodon austriacus,
Chevron butterflyfish Chaetodon trifascialis and A.
bicinctus (found at FRF).
xD. aruanus, P. trichourus and T. rueppellii (found
at 5 m depth).
xP. squamipinnis, A. aeniatus and P. trichourus
(found at 10 m depth).
xA. taeniatus, C. dimidiate and P. trichourus (found
at 15 mepth).
xG. caudovittatus, L. quadrilineatus and T.
rueppellii (found at 20 m depth).
xG. caudovittatus, P. diacanthus and Emperor Angel
fish Pomacanthus imperator (found at 25 m depth).

RESULTS
Fish assemblages and community indices. A
total of 27,882 fish individuals belonging to 65
species belonging to 16 families were counted
during this survey, where 55 species were counted in
summer and 58 species were counted in winter. The
number of individuals reported in summer was
25696, while it was 2186 individuals in winter.
Summer survey. (1) Predominant species.
Table 1 shows the relative abundance for all fish
species during summer. The most abundant species
in the back reef flat (BRF) were, Klunzinger's wrasse
Thalassoma rueppellii (RA=18.5%), Brown surgeon
fish Acanthurus nigrofuscus (RA=11.3%), and
Royal damselfish Neoglyphidodon melas (9.7%).
whereas, the most abundant species in the fore reef
flat
(FRF)
were,
Reticulated
damselfish
Pomacentrus trichourus (RA=22.7%), Banded
dascylus Dascyllus aruanus (RA=15.0%), N. melas
(RA=2.7%), A. nigrofuscus (RA=10.2%), and T.
rueppellii (RA=9.1%).
The most abundant species at 5m depth were,
D.
aruanus
(RA=25.3%),
P.
trichourus
(RA=21.2%), Blackbordred dascyllus Dascyllus
marginatus and A. nigrofuscus (5.6%, each).
Whereas, the most abundant species at 10m depth
were, Arabian damselfish Neopomacentrus miryae
(RA=91.0%), Sea goldie Pseudanthias squamipinnis
(RA=1.9%), and P. trichourus (RA=1.7%). The
most abundant species at 15 m were in the following
order N. miryae (RA=75.7%), Striped anthias
Anthias taeniatus (RA=22.3%), and P. trichourus
(RA=0.6%). At the 20m deep transects, the most
abundant species were N. miryae (RA=57.2%), A.
taeniatus (RA=36.7%) and P. squamipinnis
(RA=5.8%). At 25m, the most abundant species
were N. miryae (RA=84.6%), Yellowstriped fusilier
Caesio varilineata (RA = 4.0%), and Zebra angelfish
Genicanthus caudovittatus (RA = 3.9%).
When all summer transects were taken
together, the fish abundance revealed the following
order N. miryae (RA=66.9%), A. taeniatus
(RA=24.9%), P. squamipinnis (2.9%), P. trichourus
(RA=1.14%) and D. aruanus (0.7%).
(2) Most common fish species. Table 1 shows
the most frequent fish species during summer. The
fish species that were encountered in all transects
and had 100% of frequency of appearance (FA) are:
xCrown squirrel fish Sargocentron diadema,
Scissortail sergeant Abudefduf sexfasciatus, Onespot damselfish Chrysipterauni maculata, D.
aruanus, N. melas, Whiterbar damselfish Plectroglyphidodon leucozonus, P. trichourus, Bluelined
wrasse Stethojulis albovittata and A. nigrofuscus
(found at BRF).
xChaetodon fasciatus, Chaetodon trifascialis, and
Two bar anemone-fish Amphiprion bicinctus (found
at FRF).
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TABLE 2
Summary of biological parameters of fish surveys at different transects and depths during winter 2014 in
front of the Marine Science Station in the northern Gulf of Aqaba.

Total number of fish record
No. of transect
No. of species
Av. no. of species/transect
Highest Relative
Abundance
Second highest RA
Other abundant species RA
from Appendix 1
Frequency of Abundance
FA 100% (all transects)
Species richness (min) D
Species richness (max) D
Lowest species diversity H
Highest species diversity H
Lowest Eveness
Highest Eveness
Total number of fish record
No. of transect
No. of species
Av. no. of species/transect
Highest Relative
Abundance
Second highest RA

Other abundant species RA
from Appendix 1

BRF
62
3
28
3.11

FRF
317
3
63
7

5m
175
3
32
10.7

10 m
412
3
37
12.3

A. nigrofuscus

21.0%

A. sexfasciatus

22.7

D. aruanus

30.9%

N. melas

14.5%

D. aruanus

15.0%

P. trichourus

22.9%

T. rueppellii

11.3%

P. sulfurous

2.7%

T. rueppellii

8.0%

Chaetodonaustriacus
Chaetodontrifascialis, and A.
bicinctus
4.12± T3
4.4± T2
2.78 ± T3
2.67 - T3
0.83± T1
0.91± T3
20 m
98
3
43
14.3

D. aruanus
N. melas
P. leucozonus
2.47± T3
3.03± T1
2.00± T2
2.22± T1
0.92± T1
0.69± T2
15 m
238
3
47
15.7

D. aruanus
P. trichourus and T. rueppellii
1.94± T3
2.02 ±T3
1.82± T3
2..02 -T2
0.76 ± T1
0.84 ± T2
25 m
195
3
41
13.6

N. miryae

34.0%

P.
13.8%
quamipinnis
P.
9.7%
squamipinnis
P. squamipinnis,
A. taeniatus,
and P. trichourus,
2.22 ± T1
2.45 ± T3
1.60 ± T3
2.03 ± T1
0.59 ± T3
0.82 ± T2
All winter transects
2186
21
58

C. dimidiataand

19.3%

N. miryae

74.2%

G. caudovittatus

27.5%

N. miryae

339%

A. taeniatus

15.1%

P. squamipinnis

6.2%

C. varilineata

14.5%

P. trichourus

7.5%
6.0%

P. squamipinnis

14.7%

C. dimidiata

4.8%

P. trichourus

9.2%

P.
squamipinnis
D. aruanus

5.9%

C. dimidiata
4.7%
G. caudovittatus,
Pygoplitesdiacanthus
andPomacanthus imperator
2.51 ± T2
3.83± T3

Frequency of Abundance
FA 100% (all transects)

A. taeniatus, C. dimidiata,
and, D. aruanus

G. caudovittatus L.
quadrilineatus, and T. rueppellii

Species richness (min) D
Species richness (max) D

2.48 ± T3
2.62± T2

1.54 ± T3
2.42 ± T1

Lowest species diversity H

2.13 ± T1

0.34 ± T 3

2.10± T2

Highest species diversity H
Lowest Eveness
Highest Eveness

2.63 ± T2
0.75 ± T1
0.90 ± T3

1.65 ± T1
0.14± T1
0.83± T3

2.27 ± T3
0.81 ± T3
0.87± T2

2.75 ± BRF
4.30- FRF
1.50 ± 20m
2.67 ± 25m
0.54± 20m
0.94 - BRF

FIGURE 2
Average number of species, average number of individuals, average species richness and average
diversity (Shannon-Wiener index) of fish assemblages per 20 m² transect during summer and winter at
different depths at the Marine Science Station. Site key: Back Reef flat = BRF, Fore reef flat = FRF, 5,
10, 15, 20 and 25 m depths.
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TABLE 3
Fish family relative abundance (RA) during summer (S) and winter (W) in 2014 (per 20 m²) at different
depths in front of the Marine Science Station. Site key: Back Reef flat = BRF, Fore reef flat = FRF, 5 m
depth, 10 m depth ,15 m depth, 20 m depth, 25 m depth, relative abundance=RA.
Fish family
Holocentridae
Serranidae
Caesionidae
Mullidae
Chaetodontidae
Pomacanthidae
Pomacentridae
Labridae
Scaridae
Blenniidae
Acanthuridae
Siganidae
Balistidae
Monacanthidae
Tetraodontidae

BRF
S
4.84
0.00
0.00
2.42
0.00
0.00
53.23
25.81
0.00
0.00
11.29
0.00
2.42
0.00
0.00

W
1.61
0.00
0.00
1.61
0.00
0.00
54.84
19.35
0.00
0.00
20.97
0.00
1.61
0.00
0.00

FRF
S
0.55
0.00
0.00
0.00
4.71
0.00
67.87
11.63
0.83
1.11
11.36
0.00
1.66
0.00
0.28

W
0.31
0.00
0.00
0.00
7.21
0.31
63.32
11.6
0.63
1.25
14.11
0.94
0.00
0.00
0.31

5m
S
0.35
5.61
2.46
0.35
0.70
0.35
64.56
9.47
3.51
0.00
10.53
0.00
1.75
0.35
0.00

W
0.57
0.57
0.00
0.00
5.14
0.00
72.57
9.71
1.71
0.00
9.14
0.00
0.00
0.00
0.57

10 m
S
0.00
1.69
0.00
0.00
0.26
0.35
95.19
1.82
0.09
0.00
0.48
0.00
0.13
0.00
0.00

W
0.00
23.54
0.00
0.00
0.00
0.24
58.25
13.59
0.24
0.00
4.13
0.00
0.00
0.00
0.00

15 m
S
0.00
22.55
0.00
0.00
0.02
0.00
77.21
0.14
0.01
0.00
0.04
0.00
0.04
0.00
0.00

W
0.00
29.83
0.00
0.00
3.36
0.42
47.90
13.87
0.84
0.00
3.78
0.00
0.00
0.00
0.00

20 m
S
0.00
41.87
0.00
0.00
0.04
0.03
57.69
0.28
0.01
0.00
0.07
0.00
0.00
0.02
0.00

W
0.00
7.42
0.00
0.00
0.99
1.73
84.05
2.72
0.25
0.00
2.84
0.00
0.00
0.00
0.00

25 m
S
0.00
0.85
4.02
0.00
0.42
5.07
86.89
0.95
0.32
0.00
1.48
0.00
0.00
0.00
0.00

W
1.75
4.09
14.04
0.00
4.09
38.01
15.20
8.19
4.09
0.00
10.53
0.00
0.00
0.00
0.00

Total RA
S
W
0.04
0.27
27.81
10.80
0.18
1.10
0.02
0.05
0.14
2.25
0.23
3.75
70.16
65.10
0.77
8.74
0.08
0.78
0.02
0.18
047
6.45
0.00
0.14
0.08
0.05
0.01
0.00
0.00
0.09

= 65.1%) followed by Serranidae (TRA=10.8%) and
Labridae (TRA = 8.7%) for detailed relative
abundance per family for various depth (Table 3).

Number of species, and individuals, species
richness and diversity during summer and winter
seasons. The average number of species (S) in
summer per 20 m² quadrate ranged from 17.7 species
at 5 m depth to 9.3 species at 25m depth. Whereas,
(S) in winter ranged from 21 species at FRF to 9
species at BRF to (Fig. 2a).
Number of individuals (N) in summer ranged
from (average = 3787) at 20m followed by 15m
(average=3436), while the lowest number of
individuals was found at the back reef flat (BRF)
depth (average = 41). Whereas, (N) in winter ranges
from (average = 296) in 20 m deep quadrates
followed by 10 m (average=137) while the lowest
number of individuals was found at BRF m site
(average = 20) (Fig. 2b).
Species richness in summer was (d= 3.6) in 5
m depth followed by fore reef flat (FRF) (d= 3.3),
while the lowest value was reported in 15 m of (d=
1.9). Whereas, in winter (d= 4.3) in FRF quadrates
followed by the 15 m (d= 3.4), while the lowest value
was reported at the 10 m (d = 1.9) (Fig. 2c).
Evenness (J) in summer ranged from (J = 0.93)
in BRF depth to (J = 0.82) in FRF while the lowest
value was reported in 15 m of (J = 0.26). Whereas,
(J) in winter ranged from (J=0.94) in BRF depth to
(J = 0.88) at FRF, while the lowest value was
reported at 20 m of (J = 0.55) (Fig. 2d).
Shannon-Wiener Diversity Index (H`) in
summer was (H`= 2.31) in the BRF followed by the
FRF, which showed (H`= 2.30), but at 15m it was
the lowest (H`=0.61). Whereas, (H`) in winter was
(H`=2.67) at the FRF followed by the 15m (H`=
2.30), but at 20 m had the lowest (H`=1.5) (Fig. 2e).

Benthic habitat. The highest number of coral
form was the branching form (mean value = 90.66)
in FRF, followed by 20m depth mean (value =
70.67), whereas the lowest number of coral form in
BRF with mean value of 7.3. Regarding to depth,
branching coral was the highest in the FRF,
Moreover, massive coral was highest at 20m deep
quadrates (mean value = 65) columnar coral was the
most abundant in 25m deep quadrates (mean value =
6.3). Whereas, Folliacious was most abundant in
25m deep quadrates (mean value = 65). Encrusting
form was highest in FRF (mean value = 40).
Whereas, soft coral was most abundant 5 m depth
(mean value = 10.33). Dead branching coral was
most abundant in BRF (mean value = 31) (Fig. 3).
Correlation between fish community
pattern with benthic habitat. The simple
regression procedure of the SPSS software was used
to correlate the fish community patterns such as: S,
N, d and J to benthic form (morphology). The
obtained results revealed that there were a strong
correlation coefficient between branching coral vs. S
(R=0.72), also between encrusting coral vs. S
(R=0.71), finally total living coral vs. S (R=0.555).
However, weak correlation was observed between
the numbers of species S vs. other coral forms (Table
4).

DISCUSSION
Fish families. The most abundant fish family
was Pomacentridae (Total RA = 70.2%) followed by
Serranidae (TRA = 27.8%) and Labridae (TRA =
0.8%), for detailed relative abundance per family for
various depths (Table 3). Whereas, in winter the
most abundant fish family was Pomacentridae (TRA

Fish surveys conducted by visual census
technique with SCUBA diving modified after
English et al. [25]. All conclusions are restricted to
the active and non-cryptic species. As discussed by
Brock [30], dwarf cryptic species and nocturnal
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the Jordanian coast, but Rilov and Benayahu [33]
reported 142 species in Eilat reefs. On coral reefs,
Brokovich et al. [34] observed 157 fish species in
Eilat. The lower number of species reported during
this study in comparison with the above mentioned
studies is due to the restriction of this study to one
site and one habitat (i.e. the coral reef). Moreover,
the size of transect is much smaller in size during this
study.

species are under estimated by the visual census
technique. The visual census technique is widely
applied and accepted for fish ecological studies on
coral reefs [25], although differences in skill and
technique of observers can be a source of
imprecision and/or bias [31]. Therefore, the first
author conducted all censuses to avoid these
problems.
Dominant taxa and fish community
parameters. This study reported the presence of 65
fish species, 55 in summer and 58 in winter
belonging to 16 families. Khalaf and Kochzius [32]
counted 198 fish species in shallow water habitat of

FIGURE 3
Average number of growth forms in 10 m² quadrates at the coral reef site in BRF, FRF, 5 m, 10 m, 20
m and 25 m depth at the Marine Science Station in 2014. BC (Branching coral), MC (Massive coral),
Co (Columnar coral), Fo (Foliaceous coral), En (Encrusting coral), SC (Soft coral), DB (Dead
branching coral), SO (Solitary coral).
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TABLE 4
Regression correlation between coral growth forms BC (Branching coral), MC (Massive coral), Co
(Columnar coral), Fo (Foliaceous coral), En (Encrusting coral), SC (Soft coral), DB (Dead branching
coral), SO (Solitary coral) vs. number of species (S), average fish abundance (N), species richness (d),
Evenness (J) and Shannon-Wiener Index (H`). Bold numbers indicate significant correlation (p<0.05).

S
N
d
J
H`

R*
p**
R
p
R
p
R
p
R
p

BC
0.720
0.000
0.256
0.258
0.554
0.009
0.032
0.0431
0.228
0.316

En
0.718
0.000
0.000
0.963
0.667
0.668
0.070
0.620
0.440
0.746

BC + En
0.790
0.000
0.0189
0.119
0.650
0.104
0.1
0.655
0.330
0.143

TL
0.555
0.000
0.123
0.119
0.339
0.303
0.301
0.182
0.154
0.498

MC
0.556
0.073
0.555
.009
0.161
0.162
0.566
0.007
0.242
0.289

Co
0.557
0.336
0.216
0.341
0.126
0.128
0.104
0.645
0.063
0.781

SC
0.558
0.871
0.118
0.601
0.461
0.078
0.161
0.484
0.1
0.045

DB
0.559
0.067
0.000
0.898
0.339
0.340
0.054
0.809
0.294
0.02

Fo
0.560
0.872
6E-5
0.974
0.000
0.078
0.114
0.484
0.070
0.045

98.57%) of the total fish population. Similar trends
were reported by Khalaf and Kochzius [32], Rilov
and Benayahu [33] and Golani and Diamant [37].
Furthermore, Alwany and Stachowitsch [38]
reported that pomacentridae had by far the highest
number of species and individuals in reef zones
along the Egyptian Red Sea coast, while labridae
(wrasses) had the second highest number of species
on the reef slope after damselfishes.
In the present study, species richness per
family, revealed the following order; Pomacentridae
(16), Labridae (15) species, however, some
pomacentrids prefer certain zone e.g. N. miryae
prefer deeper transects distributed in most of the
depth in summer and winter. Pomacentrids are the
most common fishes in tropical and subtropical seas
[39]. Pomacentrids had by far the highest number of
species and individuals in both reef zones along the
Egyptian Red Sea coast [38]. Pomacentrids were
most abundant at 12 m depths in the coral dominated
sites, while fewer numbers were found at reef flat
and seagrass sites [11]. In the Gulf of Aqaba, Fricke
[40] found that 25 species were from the genera;
Abudefduf, Amphiprion, Chromis, Dascyllus, and
Pomacentrus. A total of 15 species of the family
Labridae are presented in this study. In the Gulf of
Aqaba, 38 species were reported from the Jordanian
coast [32], while 22 species were reported from the
coast of Eilat [34]. Twenty species in Nuebei /Egypt
[41], 44 species were reported in 17 different sites
along the Jordanian coast of the Gulf of Aqaba [10].
This study revealed that Chaetodontidae
(butterflyfishes) accounted for six species. The
average number of species and individuals was
higher in the fore reef flat (FRF) than in any other
depths.C. paucifasciatus was the most common and
abundant fish species in butterfly fish family. This is
in accordance with Alwany and Stachowitsch [38] in
the northern Red Sea. The average number of
individuals was higher in reef slope than in reef flat.
Pomacanthidae (angelfishes) were represented
by 5 fish species. Most of the Pomacanthid species,
except Centropyge multispinis inhabited deeper

A total of 27882 fish individuals were reported
during this study, 25696 in summer and 2186 in
winter. In this survey, N. Miryae is the most
abundant fish species in both summer and winter. It
constitute (RA = 64.3%) of the total fish
assemblages. This species forms, huge aggregations
mostly of the sites on the water column. It was
mainly distributed in 10 m and 20 m depths. Similar
findings were reported by Rilov and Benayahu [33]
in Eilat natural reef. A. taeniatus was the second
abundant fish species (RA = 24.9%) of the total
assemblages, followed by P. squamipinnis (RA=
2.9%), P. trichourus (RA= 1.14%), and D. aruanus
(RA= 0.7%). These findings are in accordance with
Khalaf and Kochzius [32] and with the trend of Rilov
and Benayahu [33]. As expected, the fish
assemblages along the Eastern coast (Jordanian
coast) and Western coast (Eilat coast) of the
Northern Gulf of Aqaba are similar. Generally,
fishes were most abundant at the 20 to 15 m depths
followed by the 10 m depth. The lowest number of
individuals was found at the back reef flat, which can
be attributed to the unfavorable conditions existing
in this area such as, tides, wave action, food
availability accumulation of sediment and when the
reef is exposed during low tide combine to limit
coral growth [35]. The deeper quadrates at 15 m, 20
m and 25 m were more exposed to currents having
zooplankton from offshore waters into the reef.
These depths have high primary productivity [36].
The most common fish species were in the
following order: P. trichourus, A. nigrofuscus, T.
rueppellii. This in accordance with the studies of
Khalaf and Kochzius [32] along the Jordanian reef
and with the study of Rilov and Benayahu [33] in
Eilat reef, which nearly exhibited similar trend.
Fish families. In terms of relative abundance in
both summer and winter, the ichthyofauna of the
studied sites is dominated by the families
Pomacentridae (RA=70.16%), followed by
Serranidae
(RA=27.8
%),
and
Labridae
(RA=0.77%). These three families represent (RA =
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transects. Genicanthus caudovittatus, Zebra
angelfish was the most abundant species from this
family. It was concentrated at 25 m depth. This
species feed on Zooplankton, which is rich in deeper
reef [36]. In this study, 25 m depth in summer have
the most abundant species with the following order;
N. miryae (84.6%), Caesio varilineata (4.0%), and
Genicanthus caudovittatus (3.9%). This is mainly
due to the higher abundance of Zooplanktonat this
depth [32, 33].
Acanthuridae (surgeonfish) account for five
species, the number of individual is highest in the
back reef flat. A. nigrofuscus was the most abundant
species in this family. This study revealed similar
distributional pattern for the fish A. nigrofuscus with
the study of Alwany and Stachowitsch [38] on the
Northern and Southern Egyptian coasts. Moreover,
fish individuals of the Acanthurids might prefer the
back reef flat, due to the high coverage of algal mats
on dead branching corals (field observation).

tends to have leafy structure to collect light in the
deep water.
Relationship between benthic habitat (coral
morphology) and fish assemblages. The strong
correlation coefficient between branching coral vs.
number of species (S) (R=0.72), also between
encrusting coral vs. number of species (S) (R= 0.71),
finally total living coral vs. number of species (S) (R
= 0.555). Whereas, weak correlation was observed
between the number of species (S) vs. other coral
forms the existence of strong links between coral and
the number of species as various fish species such as
(C. viridis, D. aruanus and D. marginatus) live
between branching coral heads for protection. Other
fish species such as C. trifascialis utilize coral for
feeding [43]. Such relationships among the various
coral reef organisms has been studies thoroughly,
where many reef organisms exchange materials
among each other [45], protection, or aid in the
supply of nutrients and oxygen to the partner [4547].

Changes in community structure between
summer and winter. The results obtained for
summer and winter fish surveys showed significant
differences in fish assemblages between summer and
winter (p<0.05) when all parameters were taken
together i.e. S, N d, J and H. This contradicts with
the study of Brokovich, et al. [42] in the coral reef of
Eilat, which found that UHHIILVKDVVHPEODJHVGLGQ¶W
vary with seasons but between habitats and sites.
Significant differences between summer and winter
were found in relation to number of individuals (N),
Species richness (d) Shannon-Wiener Diversity
Index (H`), Evenness (J). Whereas, there was no
significant differences between summer and winter
in term of number of species (p<0.05). The number
of individuals in summer was much higher than the
number of individuals in winter, which might be due
to the spawning season that occurs mainly during
April and May [43]. Fish larvae need several weeks
for settlement and a few months to grow through
juvenile then they can settle and hide within
branching corals [44].

CONCLUSION
This study concludes that Neopomacentrus
miryae (RA= 64.3%) is the most abundant fish
species in both summer and winter. A. taeniatus was
the second most abundant fish species (RA=24.9%)
of the total assemblages, followed by P.
squamipinnis (RA=2.9%), P. trichourus (RA =
1.14%), and D. aruanus (RA=0.7%). The most
common fish species were in the following order: P.
trichourus, A. nigrofuscus, T. rueppellii. According
to fish family Pomacentridae dominated fish fauna
in terms of fish abundance as well as number of
species (16 species). The number of individuals in
summer was much higher than the number of
individuals in winter mainly due to the spawning
season. In this study, significant differences between
summer and winter in relation to the number of
individuals (N), Species richness (d) ShannonWiener Diversity Index (H`), Evenness (J). Whereas,
there was no significant differences between
summer and winter in terms of the number of
species. There is a strong correlation coefficient
between branching corals vs. number of species (S)
(R = 0.72), also between encrusting corals vs.
number of species (S) (R = 0.71), finally total living
coral vs. number of species (S) (R = 0.555).
Whereas, week correlation was observed between
the number of species (S) vs. other coral forms
suggests the existence of strong links between the
coral and various fish species such as (C. viridis, D.
aruanus and D. marginatus).

Benthic habitat. In this study, the branching
corals were the most abundant benthic form at the
Marine Science Station coral reefs, followed by the
massive and encrusting corals. Branching and
encrusting corals were the most abundant coral
forms in the FRF. This is mainly due to the high
tolerance of these coral forms to resist wave actions
and to dissipate the tremendous force of waves and
stabilizes the reef structure [35]. Dead branching
corals were the most abundant in BRF. This might
be attributed to the coral exposure to the air during
low tide, and due to fluctuation in temperature in the
intertidal zone. Folliacious (leafy coral) form
inhabits deep water and it was most abundant in 25
m deep. This mainly could be attributed to the low
light intensity in the deep water [35]. This coral form
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1410
1418
1520
1447
1485
1589
1440
1589
1607

photo Fenton process
photo-Fenton process
Phragmites australis
phytohormone
PLGA
PMS
polluted soil
pollution
poly(lactide-co-glycolide) nanoparticles
polymer
Potentially harmful elements
production
production restoration

Q
Quality

1418

quantification

1765

R
rats
Reactive red 195
Red Sea
Remote sensing
Removal
residual level
residue determination
resorption efficiency

1673
1560
1824
1654
1806
1595
1520
1607

resorption proficiency
river water
rivers
Road-effect zone
RSM
Rubber plantation
Rubisco
russian sturgeon

1607
1765
1687
1654
1477
1431
1663
1554

S
saline marsh
SCoT markers
Sea bass
Sea bream
Sediment
Seed borne
Selective catalytic reduction (SCR)
selective dissolution analysis
semiconductor wastewater
Sequencing
Serbia
Sewage sludge
shearing stress
Sheep-pox (SP) disease
Shrub willow biomass

1453
1727
1538
1538
1528, 1736
1447
1359
1461
1791
1736
1585
1503
1720
1622
1813

1560
1477
1453
1727
1646
1637
1698
1682, 1687
1646
1622
1383
1813
1453

1548
SOD
1365, 1431, 1520, 1607
soil
1383
soil quality
1720
Soil tillage
1673
Solenostemma argel
1800
SPE
1720
stability index
1431
Stand age
1569
Street dust
1453
Sub-soiling
1607
sulphur
1503
Supercritical water gasification (SCWG)
1720
surface roughness
1654
Sustainability
1622
synthetic peptide

T
temperature
Thin film
tomato
total phenolic content
toxicity

1706
1579
1663
1423
1673

toxicity prediction
trace metals
tree belt
Tummalapalle. Uranium mine tailings. As
Turkey oak

1485
1765
1397
1373
1403

U
U
UF-RO
UPLC-MS-MS

1373
1791
1520

Urinary system
UV/ZnO
UV-B radiation

1389
1560
1418
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V
vegetables
vegetation period
Verbascum alyssifolium
Vertical distribution of carbon and nitrogen

1771
1397
1756
1431

vinyl chloride
Vitamins
VWTi catalysts

1566
1389
1629

W
wastewater
water chemistry
Water quality
water reuse
water shortage

1800
1687
1538
1791
1469

weathering
wetland loss
Wetness Impregnation
wheat soil.

1461
1410
1629
1698

X
Xishuangbanna

1431

Y
Yellow River Estuary

1528
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.

ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution.
In: Title of the book or proceeding. Volume
(Edition
of klitor-s, ed-s) Publisher, City, first and last page

Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis,
University and
Faculty, City

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.

UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Corresponding author: The name of the
corresponding author with complete postal address
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should be given at the end of the text under the
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Precondition for publishing:
A minimum number of 25 reprints must be
ordered and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in our
journal layout (not on the page numbers of the
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Postage/ Handling: The current freight rate is
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VAT: In certain circumstances (if no VAT
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countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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