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A TAXONOMICAL STUDY ON THE ROTIFER FAUNA OF
CAPPADOCIA REGION (CENTRAL ANATOLIA, TURKEY)
Musa Kar1,2, Fatih Duman3
1
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Gala Lake and they identified 71 species belonging
to rotifer [6] <ÕOGÕ] HW DO reported 29 rotifera
species from an eutrophic lake Marmara [7]
'LGLQHQ DQG %R\DFÕ UHSRUWHG  VSHFLHV IURP
Hoyran Region in Egirdir lake [8]. Kaya and
$OWÕQGD÷ FRQGXFWHG D VWXG\ IURP *HOLQJOO 'DP
Lake and they report 54 Rotifera species [9]. Kaya
et al. conducted a study in Turkey inland waters and
they record 12 new species for the Turkey fauna
[10].D\DDQG$OWÕQGD÷ studied 9 different parts of
Turkey and identified 13 rotifer species belonging
to Lepadellidae and Trichocercidae and one of this
species is new record for Turkey fauna [11]. Kaya
DQG$OWÕQGD÷VWXGLHGGLIIHUHQWZDWHUV\VWHPVIURP
Turkey and they observed 15 species belonging to
Brachionidae one of this species is new record for
Turkey [12]. 7HOOLR÷OXDQG $NPDQ aimed to figure
out the rotifer fauna of Pertek region of Keban Dam
lake and they reported 20 rotifera species [13].
Kaya et al. observed 18 rotifera species between
Bismil and Batman provinces [14]. Kaya et al.
presented 37 species belong to 20 genera from 6
different water body in Kayseri [15]. Kaya and
$OWÕQGD÷ UHFRUGHG  URWLIHr species from 11
freshwater reservoir in Turkey [16] . Buyurgan et
al., studied Asartepe Dam Lake zooplankton fauna
and reported 43 rotifera species [17]. Bekleyen and
øpek recorded 29 rotifera species from Lake
%DOÕNOÕJRO ùDQOLXrfa, Turkey) [18]. Saler ,
determined 8 rotifer species from Munzur stream
[19] . Bekleyen et al., studied Tigris river basin and
reported 175 rotifera species. 34 species of them are
new record for rotifer fauna of Turkey [20].
Bekleyen studied Devegeçidi and Göksu dam lakes
and 34 rotifer species collected from Devegeçidi
Dam Lake and 28 species from Göksu Dam Lake
[21, 22]. Bozkurt and Tepe studied zooplankton
composition and water quality of lake Golbasi
(Hatay-Turkey) and they determined 61 rotifer taxa
[23]. $FKHFNOLVWLVSUHSDUHGE\8VWDR÷OXZKLFKLV
based on compilation of previous zooplankton
studies carried out at Turkish inland waters.
According to this checklist 341 rotifer species have
been reported from Turkey [24].
Nevsehir is a vast plateau formed by
accumulated ash and lava from the volcanic Erciyes
and Hasan Mountains in Central Anatolia. The
Kizilirmak River carved this plateau in depth in the

ABSTRACT
Many studies have been conducted on the rotifer
species found in Turkey, but there are many regions
that still remain to be investigated. Cappadocia
(Nevsehir) is one such region that has not been
studied in terms of diversity of the rotifer species.
To our knowledge, the present study was the first to
examine seasonal changes in rotifers in the
Cappadocia region between February 2013 and
April 2014. Seventy-two species of Rotifera
belonging to 28 genera were recorded from 10
water bodies in the Nevsehir Province by
repeatedly collecting samples in different seasons.
Most species, (9, 13%) belonged to the genus
Lecane followed by Trichocerca (7, 10%),
Brachionus (7, 10%) and Cephalodella (5, 7%).
From these results, we identified the richness of the
Rotifera species in the Cappadocia region. All
species that were found in this study were new
records for each water source as well as for the
Cappadocia (Nevsehir) region
KEYWORDS:
5RWLIHUD1HYúHKLUELRGLYHUVLW\WD[RQRP\

INTRODUCTION
Rotifers are pseudocoelomate microorganisms
that live in aquatic and limno-terrestrial
ecosystems. They contribute to the second level of
the food chain in aquatic ecosystems, and they
provide an insight into the quality of the water body
in which they live. More than 2030 species of
rotifers have been identified worldwide [1].
Rotifera are common animals of aquatic systems,
and there have been many publications on the
Anatolian fauna of this group
%HNOH\HQ DQG 7Dú FRQGXFWHG D VWXG\ RQ
Çernek Lake zooplankton fauna and they identified
18 rotifer species [2]. Ustaoglu et. al. reported 47
URWLIHU VSHFLHV IURP 6D]OÕJ|O [3] . $OWÕQGD÷ DQG
<L÷LW VWXGLHG VHDVRQDO YDULDWLRQ Rf zooplankton
fauna of Beysehir Lake and they observed 32
rotifera species [4]. Bozkurt reported 33 species
IURP<HQLúHKLUODNH [5](UGR÷DQDQG*KHU studied
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Dam Lake (9th Station) and Tatlarin Dam
Lake (10th Station).
The physical parameters (Ph, temperature,
electrical conductivity and oxgen saturation)
measured with multiparametre.

east±west direction. Furthermore, this area is
fragmented into many deep valleys formed by the
tributaries that flow into the Kizilirmak River from
the north and south. This fragmentation resulted in
the formation of many ponds of varying sizes.
Climatologically, the Nevsehir is dry and hot during
summer and cold and rainy during winter.
A research of the literature yielded no results
on any studies regarding rotifers in the Cappadocia
(Nevsehir) region. Therefore, the goal of this study
was to present the rotifer fauna of the Cappadocia
(Nevsehir) region.

Sample collection. A Hensen type HydroBios Kiel plankton net (with a 20 cm edge diameter
DQG  ȝP H\H GLDPHWHU  PDGH IURP Q\ORQ VFUHHQ
cloth was used to gather Zooplankton samples. The
samples were taken in two ways: vertically and
horizontally. The gathered zooplankton samples
were put in 500 ml plastic bottles and formaldehyde
(4%) was added.

MATERIALS AND METHODS
Species
identification.
Rotifers
were
identified according to followed Koste, Edmondson
and Segers [25±27]

Samples location.This study carried out in
April 2013 and February 2014. 10 different water
ERGLHVGHWHUPLQHGIURP 1HYúHKLU Province (Figure
   RI WKLV GDP ODNH DQG  RI .L]LOÕUPDN 5LYHU
Basin of Avanos ; Damsa Dam Lake (1st station),
6DUÕKÕGÕU 'DP /DNH nd station) Özkonak, Dam
Lake (3rd Station) Ayhan Dam Lake (4th Station) ,
.Õ]ÕOÕUPDN 5LYHU %DVLQ th station), Karaburna
Dam Lake (6th Station), Gülsehir Dam Lake (7th
Station), Tuzköy Dam Lake (8th 6WDWLRQ  <DOÕQWDú

RESULTS
72 species of Rotifera belonging to 28 genera
were recorded from ten water bodies in Nevsehir
Province, collecting repeated samples in different
seasons (April, July, September, 2013 and,
February
2014
)
(Table
1).

FIGURE 1
Map of study area and stations
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TABLE 1
List of zooplankton taxa recorded from Nevsehir province
spring

Summer

stations

autumn

Stations

stations

1
1 2 3 4 5 6 7 8 9

winter
stations

1

0 1

2 3 4

5

6

7

8

9

+

+

0

1
1 2

1

3 4 5 6 7 8 9 0 1 2 3 4

5 6

7

8 9 0

Ascomorpha
ecuadis

+

A. saltans
Asplanchna girodi
A.priodonta Gosse

+
+

+ + + + + + +

+ + + +

+

+

+

+

+

+ + +

+

+

+

+

+

+

+

+

+

+

+

+

Brachionus
plicatilis

+

B. angularis

+

+ +

+ +

+

B. calyciflorus

+

+

+ + +

+
+

+

+

+

B. leydigii Cohn

+

+ +

+

+

+

+

+

+ +

+

B. quadridentatus

+

B. urceolaris

+

+

+

+
+

+

+

+ +

+

+

+

+

+

+

+
+

+

B rubens

+

+

+

+

+

+

+

+
+

+

+

+

+

+

Cepholedella
intuta

+

+

+ +

C. forficula

+

+

+

+

C. catellina
C. gibba

+

+

+

+

+
+

+

C. ventripes

+
+

+

+

+

+ +

+

+

+

+ +

+

+

+

+

+ +

+

+

+

+
+ + +

+

+

+

+

+

+

Colurella
adriatica
C. colurus

+

+

C. obtusa

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Conichilus
dossuarius

+ + +

+

C. unicornis

+

+

+

+

+

+

Diclonophorus sp.

+

+

+

Encentrum
saundersiae

+

+

+

+

+

Euchlanis dilatata

+

E. lyra

+
+

+

+

+

+

Filinia cornuta

+

+

+

+

+ +

+

+
+

+ +
+

H. mira

+

+
+

+

+

+

+
+

+

+
+
+ +

+

+

+

+

+

+

+

+
+

+

+
+

+

Kellicotia
longispina

+

+

Keratella
cochlearis
K. quadrata

+ + + + + + + + +
+ + + + +

+ +

+
+

+

+
+
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+

+

+

+

+

+

+

+

+

Hexertha fennica

+

+
+

+
+ +

+
+

+

++

F. longiseta

+

+

+ +

E. deflexa

F. terminalis

+

+
+

+

+
+

+

+
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K. tecta

+ + +

K. tropica

+

+ + +

+

+

+

+

+

+

+

+

Lapedella patella

+
+

+

+

L. ovalis

+

+

+

+

+

+

+

+

+

+

+

Table 1 (continued)
L. closterocerca

+

L. hamata
L. luna

+
+

+

+

+ +

L. inermis

+

L. lunaris

+

+

+
+

+ + +

+

+

+

+

+

+ +

+

+
+ +

+

+

+

+

+ +

L. nana
L. stenroosi

+

L. flexilis

+

Lindia torulosa

+

+

+

+

+

+

+ +

+

+

+

Monomata
dentata

+

+

Mytilina
mucronata
Notholca salina

+
+

+

+

+

+

+

+

+

+ +

N. squamula

+

+
+

+
+

Pleurotrocha

+ +

+

+

+

+

+

+

petromyzon
Platyas

+

quadricornis
P. dolichoptera

+

+

+

N. acuminata

+

+

+ +

+ + + +

+ +

+

+

+

+

+

P. major

+

+

+

+

+

+

Proales fallaciosa

+

Pompolyx sulcata

+

+

+

+

+

+

+

+ +

+

Scaridium
longicaudum
Syncetha oblonga

+
+ + + + + +

S. pectinata

+
+

+
+

+

+ +

+

+

+

+

+

+

+

+

+

+ + + +

+
+

+

Testudinella
patina

+

+

+ +

+

+

+

+

+

+ +

Testudinella
truncata

+

+

+

+

+

Trichocerca
bidens

+ +

T. longiseta

+
+

+

T. porcellus

+

T. pusilla

+

T rattus

+
+

+

+

+

+

+
+

+

+

+

+ +

T. similis
T. weberi

+

+

+

+

+

+

+ +

+

+ +
+

Trichotria
pocillum

+

T. tetractis

+
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species richness and temperature [31]. In the
present study, we found that the richness of species
was greater in summer than in winter.
Seasonal variation in the richness of
zooplankton species varies depending on regions
DQG FOLPDWLF FRQGLWLRQV <L÷LW DQG $OWÕQGD÷,
identified 29 species in autumn and 9 in winter
[32]. Saler, identified 13 species in summer and 3
in winter [33]. Bozkurt and Güven (2010) identified
50 species in spring and 20 in summer [29]. In the
present study, we identified 63 species in autumn
and 30 in winter. It is seen that species richness
varies according to the study area and sampling
period. This difference can be derived from various
geographic regions, sapling type, sampling
frequency, temperature difference in each year and
climatic changes.
.D\DDQG$OWÕQGD÷, reported that the following
were the cosmopolitan species of central Anatolia:
Asplanchna
priodonta,
B.
angularis,
B.
quadridentatus, Cephalodella gibba, Colurella
adriatica, C. colurus, Euchlanis dilatata, F.
limnetica, F. terminalis, K. cochlearis, K. quadrata,
Lecane bulla, L. closterocerca, L. luna, L. lunaris,
Lepadella patella, Notholca squamula, Polyarthra
vulgaris, Synchaeta pectinata and Trichotria
pocillum [9, 10, 34] Our study supported these
findings by also identifying these species.
In conclusion, in this study, the diversity of
rotifer species in the Cappadocia region was
presented for the first time. All species that were
found in this study were new records for each water
source as well as for the Cappadocia (Nevsehir)
region.

DISCUSSION
$ FKHFNOLVW ZDV SUHSDUHG E\ 8VWDR÷OX HW DO
based on the compilation of previous zooplankton
studies conducted in Turkish inland waters. In that
study, the genus Lecane was dominant with 46
species followed by Cephalodella (22 species),
Trichocerca (21 species) and Brachionus (15
species) [24]. In the present study, a majority of
species belonged to the genus Lecane (9. 13%)
followed by Trichocerca (7. 10%), Brachionus (7.
10%) and Cephalodella (5. 7%).
In the checklist, Ustaoglu et al. categorized
rotifers into three main groups according to their
GLVWULEXWLRQ µUHFRUGHG IURP RQO\ ±5 localities,
recorded from 6±10 localities, recorded from >10
ORFDOLWLHV¶ [24]. In our study, most species could be
LQFOXGHG LQ WKH µUHFRUGHG IURP ±10 localities and
UHFRUGHGIURP!ORFDOLWLHV¶FDWHJRULHV+RZHYHU
the species L. torulosa, P. major, N. salina, C.
intuta and P. fallocosia fell into thHµUHFRUGHGIURP
only 1±ORFDOLWLHV¶FDWHJRU\
In the Turkish checklist, Ustaoglu et al.
identified 293 monogonont rotifers [24]. In
contrast, in the present study, we identified 72
species, indicating that in terms of diversity of the
species, the Cappadocia region constitutes up to
23% of all rotifers in Turkey.
Akbulut et al. investigated relationship
between zooplankton (rotifera) distribution and
physico-chemical variables in Uluabat Lake
(Turkey) and they found that; rotifera was dominant
in the cold period and concluded that rotifer Rotifer
communities were influenced by physical factors
such as temperature [28]. It is reported that
although Keratella tropica and K. quadrata, which
are resistant to significant temperature variations,
live scattered among plants in still or slow waters
and are commonly found during summer, the more
temperature-sensitive Testudinella patina is more
commonly found during the spring and autumn
[29]. Our findings support this study; K. tropica and
K. quadreta were seen in all seasons, but T. patina
species were found in more stations in spring and
autumn.
On examining the diversity of rotifer species,
it was seen that the dominant species were similar
in all stations. In terms of diversity found in the
stations, the 10th Station (Tatlarin Dam) had the
least diversity in all seasons, whereas the 8th
(Yalintas Dam) and 9th (Tuzkoy Dam) Stations had
maximum diversity. According to Bozkurt,
Pompholix sulcata, Brachionus angularis, Filinia
longiseta, K. cochlearis and K. tecta are
eutrophication indicators [30]. These species were
found as the dominant species at the 10th Station;
for this reason, it is concluded that the low number
of species is an eutrophication indicator.
$OWÕQGDJ HW DO reported that in aquatic
ecosystems, a positive correlation occurs between
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IMPROVEMENTS IN ENVIRONMENTAL PROTECTION
THROUGH OPTIMIZATION OF PRODUCTION PROCESSES
A CASE STUDY
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ABSTRACT

KEYWORDS:

cleaner production, energy efficiency,
streams control, environmental protection.

Within the project Cleaner production,
implemented by Cleaner Production Centre of the
Faculty of Technology and Metallurgy, University
of Belgrade, in cooperation with the Serbian
Ministry of Environmental Protection and Spatial
3ODQQLQJ ILQDQFHG E\ WKH FLW\ RI 3DQþHYR DQG
under the auspices of the United Nations Industrial
Development Organization, undertaking of
systematic actions and creation of policies has been
planned in a company HIP Petrohemija with the
aim of enabling realization of activities related to
improvement of environmental protection by
implementing technological changes in the
production process and through better control of
waste streams. The aim of the project is to improve
raw material and energy efficiency, to minimalise
the negative impact of the production cycles on the
environment and to make real financial savings at
the same time through corporate responsibility.
The overall results of the project show that the
invested funds have a payback period of 3 a (years)
on average, made savings (primarily a decrease in
gas consumption of 15,095,000 m3/a) reduce CO2
emission by 36,230 t/a, while the energy
consumption is reduced for 7 % with the projected
production volume increase of 20 % while the
project is ongoing.
By using HIP Petrohemija as an example,
which is a company belonging to a group of bigger
consumers of energy and electricity, it is shown that
there is a number of options of cleaner production
especially when it comes to raw material and
energy efficiency as it is an area where substantial
saving can be made. The effects of implementation
of different options of cleaner production are best
seen through reduction of energents, water and
electricity consumption and reduction of the
negative effect on the environmental quality.

waste

INTRODUCTION
United Nation Environment Program (UNEP)
presented the concept of cleaner production in 1989
which defined cleaner production as ³the
continuous
application
of
an
integrated
environmental strategy to processes, products and
services to increase efficiency and reduce risks to
humans and the environment´ [1]. United Nations
Industrial Development Organization (UNIDO), as
one of the international organization which direct
the development of cleaner production in the world,
is recognized as a specialized provider of key
services in achieving mutually combined challenges
of reducing poverty through production, integration
of different countries into global market through
trade capacity building, encouraging environmental
sustainability in industry and improving approaches
to cleaner energy.
Developing countries have, with the help of
UNEP and UNIDO, established national centers for
cleaner production (over 50 centers all across the
world). In the countries of South Eastern Europe,
such as Croatia, Slovakia, Moldova, Hungary,
Czech Republic, Bulgaria, Montenegro and
FYROM, a number of cleaner production centers
has been established, majority of which have a
national character [2].
Removal or minimization of processes and
products effects on the environment represents the
essence of cleaner production and its preventive
VWUDWHJ\ *ODYLþ DQG /Xkman [3] define cleaner
production as a systematically organized approach
to production activities, which has a positive effect
on environment and which encompasses resource
use minimization, improved eco-efficiency and
source reduction, in order to improve
environmental protection and reduce risks to living
organisms. According to Kjaerheim [4], cleaner
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Planning. HIP Petrohemija, which has been in
business for more than 30 years, is one of the
leading producers of petrochemical products in
South Eastern Europe. HIP Petrohemija was
founded in 1972 as the third phase of chemical
LQGXVWU\ GHYHORSPHQW LQ 3DQþHYR $IWHU VHOHFWLQJ
the most modern technology available at the time,
originating mostly from the USA, 6 production
plants were built: PENG (Low Density
Polyethylene plant  LDPE), PEVG (High Density
Polyethylene plant  HDPE), VCM, PVC, Etilen i
Elektroliza (Ethylene plant), which are connected to
each other through an ethylene and chlorine line,
and the complex was completed with Utility Plant
and Waste Water Treatment Plant, as well as
numerous specialized centers, working units and
services. By 1979, in all production plants of HIP
Petrohemija, production was designed with the
objective to produce more than 1 Mt/a (one million
tons per year) of various petrochemical products.
Figure 1 shows the organizational chart of the
complex.

production has proven itself to be an efficient way
of reducing waste materials, energy consumption
and emission levels, while at the same time it
encourages positive preventive activities and it
promotes holistic approach to resources,
production, economy and environment. Basu and
Van Zyl [5] claim that cleaner production describes
processes with the emphasis on reduction of impact
of the operational systems on the environment
based on the implementation of improved
management, methods and instruments strategies.

MATERIALS AND METHODS
The project Cleaner Production has been
implemented with the help of the expert team of the
Cleaner Production Centre at the The Faculty of
Technology and Metallurgy, University of Belgrade
(an active member of UNIDO) in chemical industry
3DQþHYR Petrohemija jsc under the auspices of the
governments of Austria and Slovenia and Serbian
Ministry of Environmental Protection and Spatial

1,2,3 ± Administrative buildings; 4 ± Precision scale; 5 ± Firefighting Centre; 6 ± Laboratory;
7 ± Central warehouse; 8 ± Building Maintenance; 9 ± Vinyl chloride monomer plant; 13 ± Ethylene Storage;
14 ± Ethylene plant; 15 ± High Density Polyethylene plant; 16 ± Low Density Polyethylene plant;
17 ± Energetika plant; 18 ± Utility plant; 19 ± Pumping station; 20 ± Waste Water Treatment Plant;
21 ± Cooling Towers; 22 ± Healthcare center; 23 ± Waterway; 24 ± Wastewater channel
Source: HIP Petrohemija [11]

FIGURE 1
The distribution of blocks in the complex HIP Petrohemija PanþHYR
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polyethylene is processed with the use of various
techniques: blow molding, injection molding,
extrusion and pressing, whereby most diversified
products are obtained ± from household objects and
technical parts, up to the gas and water distribution
pipes.
The Energy Fluid Production and Distribution
Plant ± Utility Plant supplies all the plants of HIP
Petrohemija with the required energy fluids and
utilities. The continuous work of this plant, as well
as the quality and the quantity of fluids produced,
are the conditions for smooth, efficient operation of
other production plants within the company.
The Waste Water Treatment Plant ± WWT
represents one of the most important links in the
environment protection chain within HIP
Petrohemija. A modern method for treatment of
petrochemical complex waste water consists of: an
entire closed sewage system, a pre-treatment in the
production plants, a special treatment of caustic
water flow from the Ethylene plant and a central
waste water treatment plant. Primary treatment
(equalization, neutralization, flocculation and
flotation) and secondary treatment (two-stage
biological treatment-through a bio-filter and active
charcoal) as well as dehydratation and stabilization
of the extracted sludge are separately performed in
the Waste Water Treatment Plant.

The range of products of HIP Petrohemija
consists of polymers: high density polyethylene,
low density polyethylene, styrene-butadiene rubber
as well as basic products ± ethylene, propylene, C4
fraction, pyrolytic oil, pyrolytic gasoline, methyltertiary butyl ether and 1,3-butadiene. Other
products include high density polyethylene
compound (black and colored pellets), polyethylene
pipes for water, and natural gas and
telecommunication pipes for protection of
electroconductors.
The company implements integrated model of
environment quality and protection management
system and occupational health and safety
management system, according to standards ISO
9001:2000 and ISO 14001:2004 and OHSAS
18001:2007.
Project aims and objectives. The aim of the
project is to improve raw material and energy
efficiency, to minimalise the negative impacts of
the production cycles on the environment and to
make real financial savings, by optimizing the
processes and by using principle of prevention and
reduction of waste streams, while using corporate
responsibility at the same time. Energetics has the
greatest potential for improvements in reducing
consumption, which has a positive effect on the
environment in the form of emission reduction.
Improvements in environmental protection will be
conducted through better control of waste streams
too.
The Cleaner Production project included
the Ethylene Plant, the LDPE and HDPE Plants, the
Utility Plant and the Waste Water Treatment Plant.
The Ethylene Plant consists of the plant for
thermal decomposition of virgin naphtha and the
plant for pyrolytic gasoline hydrogenation and the
projected annual capacity is 200 kt of ethylene.
The Low Density Polyethylene Plant
performs ethylene polymerization in a pressurized
tank, under high pressures of up to 2 k bar.
Continuous production on one line, with the
maximum annual capacities of 57,000 t up to now,
delivers pelleted products. The process technology
allows for obtaining various products bearing
different characteristics, with broad spectrum of
applications (extrusion of films, foils and plates,
blow-molded and injection-molded products).
In the High Density Polyethylene Plant,
the ethylene polymerization process is performed
on two identical production lines in the loop type
reactors under medium pressures, which ensures
high operation flexibility, with an aim to produce a
large number of HDPE grades in the form of pellets
and powder. Maximum capacity achieved on the
two production lines is 76,000 t/a. High density

METHODOLOGY
The Cleaner production project has been
conducted through trainings and visits to the HIP
Petrohemija, by organizing workshops for
consultants and company representatives, through
assessment and by suggesting possible solutions. In
the period between March and October 2010 six
workshops were held in order to master the theory
and to realize practical activities in the companies,
with the emphasis on mastering the methodology
needed for rational consumption of resources and
on defining working policies which would tend to
minimalise the possibility of pollution occurring in
the production process and to reduce the occurrence
of negative effects. The lecturers were the experts
from the Cleaner Production Center, joined by the
international experts from Austria and Slovenia
during the project.
Those who attended the workshops were
trained in specific areas such as technology
assessment from the point of view of cleaner
production, energy efficiency, cleaner production
policies, data management, occupational safety,
multilateral environmental agreements (Kyoto
protocol etc), introduction of environmental
management system (ISO 14001) and others. The
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TABLE 1
Overview of options of cleaner production
CP Option
OPTION 1
Ethylene Plant
Partial replacement of raw
materials
OPTION 2
Ethylene Plant
Modification of Tk-1101B tank
roof
OPTION 3
Ethylene Plant
Pipeline installation with the
objective to secure burning of
regeneration effluent in pyrolysis
furnaces
OPTION 4
Ethylene Plant Overheating of
water steam in the convection
zone of furnaces and boilers
OPTION 5
Ethylene Plant
Change of the type of steam used
for regeneration in pyrolysis
furnaces
OPTION 6
LDPE Plant
Change of 4.5 bar steam for 3.5
bar steam

Investment ¼
20,000 to 30,000

Saving¼/a
500,000

Payback period
18

800,000





50,000





15,000,000
20,000,000

to 4,000,000
5,000,000

Impact on the environment
#Around 150 t of pyrolytic oil less (light
distillation oil) and around 400 t of
pyrolytic gasoline less at an annual level.
#Reduction of CO2 emission from 1,700 t/a.
#Reduction of total CO2 emission from 12
t/a.

#Elimination of unpleasant odours.

to 34
a

#Reduction of gas consumption of
15,000,000 m3/a.
#Reduction of CO2 emission of 32,100 t/a.

1,000

120,000

immediately

#Reduction of feeding boiler water
consumption of around 30,000 t/a, as well
as substantial reduction of chemical
consumption of around 20-30 t/a.

No investment

15,000

immediately

OPTION 7
LDPE Plant
Introduction
of
remaining
condensate into the closed system
OPTION 8
LDPE Plant
Use of more concentrated
initiator solvents
OPTION 9
HDPE Plant
Reconstruction of complete OF
Polymerization Section

No investment

9,000



#Reduction of steam consumption used for
processes in the plant.
#Reduction of crude oil consumption by 50
t/a.
#Reduction of CO2 emission by 160 t/a.
#Crude oil savings up to 30 t/a.
#Reduction of CO2 emission by 96 t/a.

No investment

60,000

immediately

#Savings in the amount of solvent.

1,960,000
(to 230,000
install previously
purchased
equipment)



OPTION 10
HDPE Plant
Reconstruction in the activation
section, installation of internal
filter into the V-201 activator
OPTION 11
Waste Water Treatment Plant
Covering the equalization and
flotation pool
OPTION 12
Waste Water Treatment Plant
Installation of analyzer device for
continuous monitor-ing of waste
water quality on the Oil Refinery
3DQþHYROLQH
OPTION 13
Utility Plant
Insulation of 50 noninsulated
items (pipelines, valves, flanges,
etc.)
OPTION 14
Utility Plant
Repair and replacement of nonoperative condensate separators
in the Utility Plant and MPC

40,000 (to install 97,000
previously
purchased
equipment)

4-6 m

#Elimination of carbon hidrate emission
into the air, and return to the polymerization
sector.
#Reduction of iso-butane consumption by
100 t/a.
#Reduction of waste catalyst of 1,500 kg.
#Reduction of furnace activation gas of
around 30 %.

2,300,000





#Elimination of unpleasant odours.

250,000





#Prevention of increased emissions and
unpleasant odors in the working space air.

15,000

43,750

4m

#Energy savings.
#Reduced CO2 emission by 288 t.

5,000

84,000

Less than a month #Energy savings.
#Reduced CO2 emission by 552 t/a.
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OPTION 15
Utility Plant
Return of the return condensate
from the heat exchanger from the
administrative building and the
laboratory
OPTION 16
Utility Plant
Replacement of the driving
device on the P-1201 B pump
OPTION 17
Utility Plant
Replacement of the driving
device on the P-1405 E pump or
F (condensation turbines)
OPTION 18
Utility Plant
Reconstruction
and
modernization of the system for
manage-ment, leading, control
and distribution of energy fluids
OPTION 19
Utility Plant
The Utility Plant condensate
system on inter-plant distributor
OPTION 20
Repair of 1 mm diameter leaking
places at 100 locations
TOTAL:
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15,000

17,280

10 m

#Energy savings.
#Reduced CO2 emission by 215 t/a.

15,800

58,311

45
days
in #Reduction of SM steam consumption ±
summer period
1,857 t.
#Reduced CO2 emission by 213 t.

1,000,000

1,870,00

1 a (due to the #Avoidance of condensate production.
work
in
the
summer period)

1,000,000

500,000

2a

#By improving technological processes and
procedures a reduction of energy
consumption is achieved.

67,300

156,000

4m

#Savings in condensate ± 77,964 m³ or
savings in crude oil consumption 608 t/a.
#Reduced CO2 emission by 1,950 t/a.

11,000

35,000

2m

25,055,000

8,296,000

3a

#Reduction of steam production of 1,000
t/a, gas consumption of 80,000 m³ or
savings in crude oil consumption 72 t/a.
#Reduced CO2 emission by 230 t/a.
Total reduction of CO2 emission is 36,230
t/a

Source: Cleaner Production Centre, Serbia [6]

Cleaner Production Program (please see
Table 1)

training also included raising awareness of the
need for introduction of cleaner production. As a
part of field training, HIP Petrohemija was visited
by domestic and international expert and this is
when the data were collected with the aim of
reducing costs and negative effects on the
environment.
&RPSDQ\¶V PDQDJHPHQW VXSSRUWHG WKH
realization of the activities leading to the reduction
of the negative influences on the environment and
LPSURYHPHQW RI FRPSDQ\¶V RSHUDWLRQV E\ DFWLYHO\
participating in the activities.

Description and effects of the suggested
options of cleaner production. Partial
replacement of raw materials - Ethylene Plant
(Option 1). By implementing partial replacement
of raw materials within the production process, it
has been made possible to gain more
ethylene/propylene for the same specific price of
raw materials (2,5 % compared to the total
production of Petrohemija, up to 10 % with major
modifications) and to get less pyrolytic gasoline
and pyrolytic oil, which contributes to the reduction
of CO2 emission from pyrolytic gasoline. At annual
level, it means around 150 t of pyrolytic oil less
(light distillation oil) and around 400 t of pyrolytic
gasoline less. The overall effects of the replacement
of raw materials amount up to 500,000 ¼ at an
annual level.

RESULTS AND DISCUSSION
Petrochemical complex HIP Petrohemija
belongs to a group of large consumers of heat and
electric energy. Therefore, attention was especially
paid to Energetics, as an area with great potential
for savings, which could be achieved by changing
existing technological processes and improving
other phases of the production cycle. Out of all of
these options suggested for cleaner production, 75
% of them are related to energy savings, most of
which were realized during the project. Table 1)
shall be mentioned in the text and its options
explained after it.

Modification of tank roof Tk-1101B Ethylene Plant (Option 2). This cleaner
production option has primarily effect on the
environment if we take into consideration that with
better tank sealing, the emission of polluters into
the air is reduced that is evaporation of aromatics
from pyrolytic gasoline, especially during tank
filling and pumping is reduced. Furthermore, this
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leads to the reduction of total CO2 emission from 12
t/a.

sulphure dioxide, nitrogen dioxide and and other
pollutants.

Pipeline installation with the objective to
secure burning of regeneration effluent in
pyrolysis furnaces - Ethylene Plant (Option 3).
Similarly to the previously discussed option, this
option also has an effect on the environment as
after the installation of the pipeline with the aim of
securing burning of regeneration effluent in
pyrolysis furnaces, there was an increase in gas
consumption during regeneration, but the
environmental issue of unpleasant odors was
resolved, which justifies the investment into this
adjustment. Adverse environmental effect was
eliminated in this way and in this way the company
adhered to the measures issued by the Republic
Inspection for Environmental Protection.

Introduction of remaining condensate into
the closed system - LDPE Plant (Option 7). With
this option, that is by introduction of remaining
condensate into the closed system amounting up to
0.5 m3/h of condensate released from a larger
number of drainage points in the system, a direct
positive impact is made on the environment and
also crude oil savings up to 30 t/a and reduction of
CO2 emission by 96 t/a are achieved. This leads to
the reduction of the amount of fines to be paid to
the Environmental Protection Fund for emission of
sulphure dioxide, sodium dioxide and other
pollutants. This solution can lead to savings of
9,000 ¼D.
Use of more concentrated initiator solvents
- LEPD Plant (Option 8). With no investment, this
option which is in laboratory testing phase, can
result in savings in the amount of solvent needed
which leads to savings of 60,000 ¼D.

Overheating of water steam in the
convection zone of furnaces and boilers - Ethilen
Plant (Option 4). Suggested option of cleaner
production involves largest investments (15-20
PLOOLRQ¼ ZLWKWKHSURMHFWHGSD\EDFNSHULRGRIWR
4 years, and on the other hand these investments
have provided greatest benefits to the environment.
Namely, better use of smoke gas energy from
furnaces and boilers leads to switching off of both
steam overheaters, which again leads to reduction
of gas consumption of 15,000,000 m3/a, and also to
reduction of CO2 emission of 32,100 t/a.

Reconstruction
of
complete
OF
Polymerization Section - HDPE Plant (Option
9). Expansion of production capacity of polymer
powder to 90,000 t/a involved elimination of all
bottlenecks, polymer obturation, and also
elimination of the S-205 A/B cyclone from the
production process which led to the elimination of
CO2 emission into the air (the vent gases iso-butane
and nitrate were directed into atmosphere through
cyclone, which was used to separate polymer
powder from gases), and their return to the
polymerization sector. By the installation of the
new isobutene nitrogen regeneration unit,
regeneration of carbon hydrate from compound
with nitrogen is performed, and it is then returned
into process which leads to the reduction of losses
of isobutene and nitrogen from the process and it
also reduces the amount of dangerous gases
released into atmosphere. Taking into consideration
that High Density Polyethanyl Plant has two
production lines and two vents, and their emission
is 80 kg/h per line (total of 160 kg/h) which caused
the reduction of iso-butane consumption by 100 t/a.
By installing the previously procured equipment
with the value of 1,960,000 ¼, the estimated savings
amount up to around 230,000 ¼D.

Change of the type of steam used for
regeneration in pyrolysis furnaces - Ethylene
Plant (Option 5). With a minimal investment of
1,000 ¼, reduction of consumption of feeding boiler
water of around 30,000 t/a, as well as substantial
reduction of chemical consumption of around 20-30
t/a was made possible. This option leads to the
savings of 120,000 ¼/a.
Change of 4.5 bar steam for 3.5 bar steam LDPE Plant (Option 6). The suggested option of
cleaner production does not entail any investments,
but it enables projected savings of around 15,000
¼/a. Namely, energy savings are made as the steam
from the Utility Plant is reduced from 21 or 14.5
bar to 4.5 bar, and the current steam consumption is
9,600 t/a. LDPE Plant itself produces 3.5 bar steam
(average consumption 150 t/month in the winter
period) so is possible to use this steam in the
process, instead of the 4.5 bar steam. This
suggested option leads to the reduction of crude oil
consumption by 50 t/a and it also leads to reduction
of CO2 emission by 160 t/a. This leads to the
reduction of the amount of fines to be paid to the
Environmental Protection Fund for emission of

Reconstruction in the activation section,
installation of internal filter into the V-201
activator - HDPE Plant (Option 10).
Reconstructing and installing the internal filter into
activator allows for the reduction of waste catalyst
generation in the amount of 1,500 kg which allows
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for financial savings based on the savings in
investments in waste treatment and savings in
utility raw materials/chemicals. Furthermore, in this
way reduction of furnace activation gas of around
30 % is achieved which resulted in savings of
natural resources. Projected savings on an annual
basis are estimated around 97,000 ¼D.
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emission is reduced by 552 t and also annual
expenses for fines to be paid to the Environmental
Protection Fund for emission of sulphure dioxide
nitrogen dioxide and other pollutants are reduced.
Total savings made with this option are projected at
84,000 ¼D.
Return of the return condensate from the
heat exchanger from the administrative building
and the laboratory - Utility Plant (Option 15).
By enabling return of the return condensate from
the heat exchanger from the administrative building
and the laboratory in the Utility Plant, savings of
energy are made that is savings in condensate of
8,640 m3 and savings in electricity consumption of
605 MW h (equivalent to 67.3 tons of crude oil).
This results in reduced CO2 emission by 215 t/a and
in reduced annual expenses for fines to be paid to
the Environment Protection Fund for emission of
sulphure dioxide nitrogen dioxide and other
pollutants. Estimated savings go around 17,280 ¼D.

Covering the equalization and flotation
pool - Waste Water Treatment Plant (Option
11). Implementation of this option makes an
environmental impact which is reflected in
reduction of potential emissions and unpleasant
odors of waste substances (air ventilation above the
pool, and referral to the burning unit or to some
other form of treatment). Investment is 2,300,¼.
Installation of analyzer device for
continuous monitoring of waste water quality on
WKH 2LO 5HILQHU\ 3DQþHYR OLQH- Waste Water
Treatment Plant (Option 12). The installation of
analyzer device for continuous monitoring of waste
water quality enables better monitoring of
parameters of waste water coming from the Oil
5HILQHU\RI3DQþHYR (a factory complex adjacent to
Petrohemija) and it enables quicker reaction, in line
with the joint instructions in case of deviation in
PRQLWRUHG SDUDPHWHUV¶ YDOXH This also leads to
savings in chemicals and quicker reaction time in
order to avoid increased emissions and unpleasant
odors in the working space air.

Replacement of the driving device on the P1201 B pump - Utility Plant (Option 16).
Activities regarding replacement of the driving
device on the P-1201B pump are performed for the
purpose of efficient steam balancing in the summer
period (180 days a year), in order to avoid
unnecessary production of 3.5 bar SL steam that
ends up as excess on the condensator. This results
in reduction of SM steam consumption of 1,857 t,
and savings in gas consumption of 148,500 Nm3
(equivalent to crude oil consumption of 134 t). CO2
emission is reduced by 213 t and so are annual
expenses for fines to be paid to the Environmental
Protection Fund for emission of sulphure dioxide
nitrogen dioxide and other pollutants. Estimated
savings with this option are 58,311 ¼D.

Insulation of 50 noninsulated items
(pipelines, valves, flanges, etc.) - Utility plant
(Option 13). By insulating noninsulated items on
pipelines, valves, flanges etc in the Utility Plant,
savings of energy is made possible in the following
ways: savings in steam production of 1,250 t,
savings in gas consumption of 100,000 Nm3 and
savings in consumption of electricity of 952 MW h
(equivalent to 90 tons of crude oil). In addition, this
leads to reduced CO2 emission by 288 t/a and it
reduces annual expenses for fines to be paid to the
Environmental Protection Fund for emission of
sulphure dioxide nitrogen dioxide and other
pollutants. Total savings made with this option are
projected at 43,750 ¼D.

Replacement of the driving device on the P1405 E pump or F (condensation turbines) Utility Plant (Option 17). Replacement of the
driving device on the P-1405 E pump or F is carried
out in order to efficiently balance steam in the
summer period and to avoid unnecessary
condensate production. By installing an electrical
motor instead of the turbines on the P-1405 E pump
or F, it is possible to enter the zone of safety risk if
a short or longer power cuts occur. An investment
of 1,000,000 ¼ enables savings of 1,870,000 ¼D.

Repair and replacement of non-operative
condensate separators in the Utility Plant and
MPC - Utility Plant (Option 14). By investing
5,000 ¼ into repair and replacement of nonoperative condensate separators savings of energy
are made: savings in steam production of 2,400 t,
savings in gas consumption of 192,000 Nm3 and
savings in consumption of electricity of 1,829 MW
h (equivalent to 172.3 tons of crude oil). CO2

Reconstruction and modernization of the
system for management, leading, control and
distribution of energy fluids - Utility Plant
(Option 18). Reconstruction and modernization of
the system for management, leading, control and
distribution of energy fluids enables full
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automatization of production, consumption and use
of energy fluids. This brings the share of energy in
product price at the optimal level. The first phase
involves reconstruction and modernization of the
instrumentation for the key equipment in the Utility
Plant (steam production, air production, cooling
water), for control of production and distribution of
energy fluids, whereas the second stage would
involve reconstruction and modernization of the
entire system of management, guidance, control and
distribution of energy fluids. The payback period of
the investment of 1,000,000 ¼ is estimated at 2
years.
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electricity consumption of 5,457 MW h (equivalent
to crude oil consumption of 608 t). CO2 emission is
reduced by 1,950 t and so are the annual expenses
for fines to be paid to the Environmental Protection
Fund for emission of sulphure dioxide nitrogen
dioxide and other pollutants. Estimated savings go
around 156,000 ¼D
Repair of 1 mm diameter leaking places at
100 locations (Option 20). By conducting repair of
leaking places at more than 100 locations, energy
savings are made: savings in steam production of
1,000 t, savings in gas consumption of 80,000 m³
and savings in electricity consumption of 762 MW
h (equivalent to crude oil consumption of 72 t). CO 2
emission is reduced by 230 t/a and so are the annual
expenses for fines to be paid to the Environmental
Protection Fund for emission of sulphure dioxide,
nitrogen dioxide and other pollutants. Estimated
savings with this option is 35,000 ¼D.

The Utility Plant condensate system on
inter-plant distributor - Utility Plant (Option
19). In the existing system, drainage from the
condensate separator on the inter-plant distributor is
released into the atmosphere, and by realizing the
suggested option, it will be referred to the closed
condensate system. This leads to energy savings:
savings in condensate of 77,964 m3 and savings in

Cleaner Production Project Results (Table 2)

TABLE 2
Realization of suggested options
CP Option

Date

Realization

CP category

OPTION 1
OPTION 2

Feasibility

May 2012

90 %

S  Substitution of raw materials

1  immediately feasible

MayOct 2013

90 %

T  technological changes

1  immediately feasible

OPTION 3

March 2011

100 %

T  technological changes

1  immediately feasible

OPTION 4

September2013

100 %

T  technological changes

1  immediately feasible

OPTION 5

May 2011

100 %

T  technological changes

1  immediately feasible

OPTION 6

May 2011

100 %

T  technological changes

1  immediately feasible

OPTION 7

MayJune2011

100 %

T  technological changes

1  immediately feasible

OPTION 8

September2011

100 %

T  technological changes

1  immediately feasible

OPTION 9

March 2011

100 %

T  technological changes

1  immediately feasible

OPTION 10

April2012

100 %

T  technological changes

1  immediately feasible

OPTION 11

June 2013

50 %

T  technological changes

1  immediately feasible

OPTION 12

October 2013

60 %

T  technological changes

1  immediately feasible

OPTION 13

May 2012

80 %

G  Good housekeeping

1  immediately feasible

OPTION 14

May 2012

75 %

G  Good hosting

1  immediately feasible

OPTION 15

November2011

60 %

OPTION 16

November2011

100 %

T  technological changes
G  Good housekeeping
T  technological changes
G Good housekeeping

1  immediately feasible
1  immediately feasible

OPTION 17

April 2012



T  technological changes

2  feasible after some time

OPTION 18

February 2013



2  feasible after some time

OPTION 19

March 2012

90 %

T  technological changes
T - technological changes
G - Good housekeeping

OPTION 20

MayJuly2011

Average realization:

100 %

G - Good housekeeping

79.75 %

Source: HIP Petrohemija [7]
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TABLE 3
Indicators of the most significant achieved results
Specific consumption*
(normative)

Consumption
Indicators
Unit
Electricity kW h
Fuel mass
t
(oil fuel)
Water
m3
volume
Natural
m³
Gas volume
Specific
MJ/t
energy

Difference
2010/2013
Norma%
tive
84.2
21.74

2010

2011

2012

2013

unit

2010

2013

203,567,063

195,635,283

98,076,258

193,759,565

kWh/t

387.2

303

5,317

7,486

14,375

0.00

kg/t

10.12

0

10.12

100

3,069,973

3,761,447

1,537,500

1,504,447

m3/t

5.84

2.35

3.49

59.76

105,461,052

100,121,061

52,521,439

75,644,350

m3/t

200.57

143.86

56.71

28.27

8,473

8,045.5

11,459

7,885.3

MJ/t

8,473

7,885.3

587.7

6.93

*Specific consumption is calculated on the basis of total production: 2010  525,795 t; 2013  639,338 t.
Source: HIP Petrohemija [7, 8, 9, 10]

By increasing the energy efficiency and
occupational safety with advanced automated
processes, an enhancement of ecological
performances was achieved and this is reflected in
the complete regeneration of isobutene and
nitrogen, removal of emission of fine powder into
atmosphere and water and elimination of emission
of solid waste catalysts into atmosphere, which led
to a decrease of production costs and maintenance
costs, and at the same time a number of breaks in
production was decreased and easier removal of
bottlenecks was enabled.
Substantial savings of 4,140,000 ¼were made
in the period between 2010 and 2013 due to the
reduction in the specific consumption (normative).

Indicators of the Cleaner Production
Project. The project Cleaner Production
contributed to the rationalization of usage and
reduction in consumption of raw materials and
energy sources. Indicators which demonstrate the
most significant results achieved in the period
between 2010 and 2013 are shown in the Table 3.
Financial year 2012 was characterized with
two long breaks in production. The first break was
caused by the need to reduce the electricity
consumed with the aim of protecting the energy
system of the Republic of Serbia and it was used for
reconstruction of the plant. The second, longer
break was provoked by the shortage of raw gasoline
in July, and in August a decision was brought on
the realization of the investment project ³The
reconstruction of PF section of HDPE plant up to
90,000 t of powder per year³ which had an effect
on the production plan which was realized with
only 34 %. Financial year 2013 passed without any
standstills in production.
By analyzing options of cleaner production
and based on the comparison of results of reduction
in the specific consumption (normative) in the
period between 2010 and 2013, and taking into
consideration the increase in the production of 21.6
% in 2013 compared to 2010, together with
improvement of economic efficiency and
substantial financial savings, a significant reduction
in the adverse effects to the environment and
generated pollution has been noted due to the
reduction in the consumption of oil fuel, water and
natural gas. The results of the analysis undoubtedly
confirm the reduction in the consumption of the
specific energy of products of 6.93 % with the
increase of the production volume of 113,543 tons
of products.

Improvement of control of the waste
streams. Systematic waste management in HIP
Petrohemija provides control over further treatment
and disposal of all kinds of waste, which is
generated in the course of business. An important
part of this system is making and conducting a
waste management plan that defines measures
which are to be followed during collecting,
classification, storage and regular waste disposal.
Records of the produced, storaged or transported
waste are kept in the organizational units and
collectively in Environment protection service.
Taking into consideration that waste
management is the implementation of the
prescribed measures of waste management in the
collection, transport, re-utilization and waste
disposal, including supervising of these activities
and care on disposals after closure, waste
management in HIP-Petrohemija jsc is performed in
the way which ensures the least risk to harm health
and life of people and the environment by
exercising
control
and
2733
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TABLE 4
Types and masses of waste for the period 2010  2013
Year
2010
Waste
Produced
Disposed (t)
Type
(t)
Non3,168.5
78.4
hazardous
Hazardous
89.4
11.8

2011
Produced
(t)

2012

2013
Produced
Disposed (t)
(t)

Disposed (t)

Produced
(t)

Disposed (t)

3,544.2

103.3

1,801.6

125

3,260.2

302.1

449.9

61.6

588

24.3

403.4

1,577.6

Source: HIP Petrohemija [7, 8, 9, 10]

adhering to reduction measures: water, air and
ground pollution; danger for plant and animal life;
danger of the accidents, fire and explosions;
negative impact on the area and natural resources of
the special value, and the level of noise and
unpleasant odors.
Waste management in HIP Petrohemija is
performed in accordance with the Waste
Management Plan. The plan identifies all wastes
(types, composition and quantities), methods and
ways of different waste types separation, and
defines waste flows, ways of its storage, treatment
and disposal, by applying the wastes hierarchy
management principles, defines measures to be
undertaken in order to decrease waste production,
protective measures against fire and explosion, and
measures for protection of environment and people
health.
Produced waste is handed over to the
authorized operators who have licenses issued by
competent bodies for waste management, for their
further disposal (storage, treatment, export).
In the following Table 4, an overview of types
and amounts of waste for the period between 2010
and 2013 is given.
Through analysis of the types and masses of
waste in the aforementioned period, by
modernizing equipment and plants as well as by
introducing new technologies and by applying
appropriate technological processes which allow for
more advanced control of waste streams, an
important datum arises and that is the mass of
disposed hazardous industrial waste that is all types
of hazardous materials and by-products which are
created during certain technological process and
which are according to their characteristics
(flammability, explosiveness, toxicity, irritability,
infectiousness etc) dangerous for people and
environment. This points out the readiness of the
FRPSDQ\¶V management to be more responsible and
decisive when it comes to the disposal of hazardous
waste and to take this problem, as one the most
important ones when it comes to the environment, a
step further.

CONCLUSION
HIP Petrohemija has chosen to contribute to
the strategy of efficient management through
systematic environmental protection management.
&RPSDQ\¶V PDQDJHPHQW thinks about the
consequences of the pollution in the long run, it
plans solutions and it reacts to the occurrences of
pollution by applying the most modern technology
in accordance with the international standards as
well as by working incessantly on improving results
of different processes which are involved in the
protection of the environment by using energy
optimally, reducing emission into air, water and
land and by reducing and disposing of produced
waste.
HIP Petrohemija invested around 17,350,000 ¼
into this project which resulted in a high degree of
realization of suggested options that is
approximately 80 %. The effects of the realization
of the options of cleaner production are especially
noticeable when takeing into consideration the
reduction in specific consumption of energy sources
and water which resulted in the total savings of
more than 4,140,000 ¼
In addition to the aforementioned options, a
number of other activities, unrelated to the project,
which will be strategically important for energy
efficiency
and
environmental
protection:
reconstruction of the furnaces for naphtha
pyrolysis, reconstruction of preheaters and boilers,
installation of pretreatment of oily wastewa1ter,
installation of a new storage tank for propylene,
realization of the project for plant for odor control
and treatment of industrial waste water, sanation of
stabilized sludge landfill, reinstrumentation of
sections for polymerization and finalization, etc.
&RPSDQ\¶V GHGLFDWLRQ WR UHGXFLQJ WKH LPSDFW
on the environment is incessant. By combining our
H[SHUWV¶ NQRZOHGJH DQG WKH EHVW DYDLODEOH
techniques, strictly adhering to all requirements
prescribed by law, HIP Petrohemija successfully
controls its influence on the working and living
environment. HIP Petrohemija monitors and
analyses the impact of pollutants coming from its
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http://omicron.ch.tuiasi.ro/EEMJ/accepted.htm,
accessed April 28th 2015).
[3] *ODYLþ 3 DQG Lukman, R. (2007) Review of
sustainability terms and their definitions.
Journal
of
Cleaner Production
15(18),
18751885.
[4] Kjaerheim, G. (2005) Cleaner production and
sustainability. Journal of Cleaner Production
13(4), 329339.
[5] Basu, A.J. and Van Zyl, D.J. (2006) Industrial
ecology framework for achieving cleaner
production in the mining and minerals industry.
Journal of Cleaner Production 14(3), 299304.
[6] &HQWDU ]D þLVWLMX SURL]YRGQMX =DYUãQL L]YHãWDM
SURMHNWD ýLVWLMD SURL]YRGQMD  ZZZFSFserbia.org, accessed February 12th 2015).
[7] +,33HWURKHPLMD  ,]YHãWDMRUHDOL]DFLMX
XþLQNX ,QWHJULVDQRJ VLVWHPD PHQDGåPHQWD
3DQþHYR6UELMD
[8] HIP Petrohemija (2010) I]YHãWDM R XþLQNX
3DQþHYR6UELMD
[9] HIP Petrohemija (2011) I]YHãWDM R XþLQNX
3DQþHYR6UELMD
[10] HIP Petrohemija (2012) I]YHãWDM R XþLQNX
3DQþHYR6UELMD
[11] HIP Petrohemija (2013) Studija procene uticaja
]DWHþHQRJ VWDQMD QD åLYRWQX VUHGLQX 3DQþHYR
Srbija.

plants on the air. The quantity of pollutants in the
air is objectively and timely reported to the
competent authorities, local government and all
other stakeholders. Air emission of dangerous
substances usually originates from the combustion
plant, and to a lesser extent from terminals and
from a waste water treatment system, and this
emission is below the emission limit values
prescribed by the law.
HIP Petrohemija continues with the well
established trend of improving waste management
systems, by investing into temporary waste and
secondary material storage facilities, by equipping
containers for separate waste collection, as well as
by educating the employees. Waste management is
performed in such a manner so as to avoid the
slightest risk of causing harm to the health and lives
of people, or to the environment by exercising
control and by implementing measures of reduction
of water, air, and land contamination.
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well developed; however, most methods need
expensive facilities, require high maintenance costs,
and face the risk of secondary pollution [1-2].
Several researchers have converted agricultural byproducts, such as rice husk, into biochar as a
potential biosorbent for metals removal. Rice husk
is one of the cheapest and abundantly available
agricultural by-products. According to the estimate
in the document [3], about 40 million tons of rice
husks were produced in China annually. In the
recent years, various low-cost rice husk-derived
biochar products have been developed [4-6], and
the removal mechanisms for heavy metals have
been investigated [7, 8-12]. In general, ion
exchange was considered a main mechanism of
heavy metals removal [13-16). However, which
ions dominate the exchange process is not very
clear yet. Gerente et al. (2000), Cao et al. (2004)
and Ding et al. (2012) believed Mg2+ and Ca2+ in a
biochar were easy to exchange with most of heavy
metals [13, 15-16] while Daifullah et al. (2003)
argued that silanol groups play a key role [14].
Lack of direct observations also adds to uncertainty.
The performance of a biochar is closely related to
its physical structures because the structures, to a
large extent, affect the magnitude of the surface
area, distributions of various pore sizes, the kinds
and quantities of residual ions and organic
functional groups [15-19]. However, up to now,
insufficient investigations were conducted to
characterize the structure of a rice husk-derived
biochar and evaluate its effects on removal of heavy
metals.
In the present study, equilibrium isotherm
experiments and adsorption kinetics of four metal
ions (Cr6+, Mn2+, Cu2+, and Cd2+) on a low-cost rice
husk-derived biochar (LC-RHBC) were performed
in aqueous solutions in single-component sorption
systems. The microstructures and ingredients of
LC-RHBC were detected by scanning electron
microscope
(SEM)
and
energy-dispersive
spectroscopy (EDS) technique, respectively. The
objective is to uncover the mechanism of heavy
metals removal from water by the biochar.

ABSTRACT
The objective of this study is to detect the
mechanism of heavy metals removal from water by
a low-cost rice husk-derived biochar (LC-RHBC).
Study focuses on how the microstructure and
ingredients of the biochar affect metals removal.
Equilibrium isotherm experiments and adsorption
kinetics of four metal ions (Cr6+, Mn2+, Cu2+, and
Cd2+) on LC-RHBC were performed in aqueous
solutions in single-component sorption systems. All
the isotherms were well fitted to Freundlich model
with the 1/n values of 0.65±0.82 (P < 0.01), and the
adsorption kinetics was best represented by pseudo
second-order kinetic model (P < 0.01). Scanning
electron microscope revealed that LC-RHBC has a
regular-arrayed,
crude-peaked
tubercle
microstructure in the outside surface and a fine slitlike cell microstructure in the inside surface. The
contents of four heavy metals detected by energydispersive spectroscopy technique at equilibrium
states were, on average, 1.3±12.0 times higher in
the inside surface than those of the outside surface.
This showed that the inner side of LC-RHBC likely
provided much higher possibilities for metal ions to
be trapped and adsorbed. In addition, the content of
Si in the biochar were detected to be more than
24%, and after adsorption Fe content showed a
noticeable decrease from 0.38% to < 0.09%. This
indicated that Si and Fe potentially play key roles in
the removal of heavy metals.
KEYWORDS:
Rice husk; Heavy metals; Adsorption; Biochar;
Isotherms; Kinetics

INTRODUCTION
The removal of toxic metals from water is an
important area of research that is receiving
increasing attention. Many methods ± including
chemical precipitation, ion exchange, electrolysis,
coagulation, and membrane filtration ± have been
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TABLE 1
Pore volume and pore size distributions on LC-RHBC
Specific surface
area
(m2/g)
188.12

Total pore
volume
(cm3/g)
0.18

Micro pore volume
(Diameter<2
nm)(cm3/g)
0.06

Medium pore volume
(Diameter 2-50
nm)(cm3/g)
0.01

Mean pore
size
(nm)
3.79

metal salt into deionized water. The fundamental
properties of metals are listed in Table 2.

MATERIALS AND METHODS
Adsorbent materials. Native LC-RHBC was
obtained from an agro-industry located in
Yingshang County in the Anhui Province of China.
Typically, the production of this material is a slow
pyrolysis process, supported by a patent from
Zhang et al. (2012) [19]. In brief, the dried rice
husk was put in a stainless steel reactor and heated
in a Muffle Furnace under O2-limited conditions at
300±450oC for 4 hrs. The solid residue left in the
reactor after heating was called as biochar,
according to Lehmann (2007) and Ma et al. (2012)
[18, 20]. The resulting biochar, which almost kept
the initial physical shape of rice husk, was washed
with deionized water and dried at 105 oC for12 hrs
in order to conduct characterization and
experiments. Volatile matter, fixed carbon and ash
content in LC-RHBC were 5.2%, 52.6% and
42.2%,
respectively,
determined
by
a
Thermogravimetric Analyzer (TGA) (Mattler
Toledo, TGA/SDTA 851). The pH value of LCRHBC was 10.0±0.3 (1:20). The surface area and
pore size distributions were determined at 25oC by
nitrogen adsorption, using the BET equation.
Samples were degassed in an oven at 383 K for 6
hrs, and a five-point BET analysis was conducted
by using the V-Sorb 2800P analyzer (Table 1).

Experimental designs. Batch experiments.
Equilibrium isotherm experiments were performed
in 100 mL flasks by mixing 1.0 g LC-RHBC with a
50-mL solution of various concentrations of Cr6+,
Mn2+, Cu2+ and Cd2+, ranging from 0, 2, 5, 10, 20,
50, 100 and 200 mg/L. The pH of the solutions was
adjusted to around 7.0 by the addition of 0.01mol/L
H2SO4 or NaOH solutions. The mixture of biochar
and metal solutions were shaken mechanically at
25oC at 200 rpm for 60 min ± longer than the
sorption equilibrium time that was measured
beforehand ± in thermostatic water baths. After
equilibrium, the contents were filtered through a
0.45-ȝP PHPEUDQH WR UHPRYH WKH DGVRUEHQW
particles; the concentration of metal ions in the
filtrate was measured by an Atomic Absorption
Spectrophotometer (AAS, HITACHI Z-2000), with
three replicates for each treatment.
Adsorption kinetics. A kinetic study was
conducted by mixing 0.5 g LC-RHBC with 50-mL
metal-ion solutions (pH 7.0) at two initial
concentrations for each ion: 20 and 50 mg/L for
Cd2+, 10 and 20 mg/L for Mn2+, and 5 and 10 mg/L
for both Cu2+ and Cr6+. The mixture of biochar and
metal solutions were shaken mechanically at 25oC
at 200 rpm in thermostatic water baths. The
samples were taken at 2, 5, 8, 12, 16, 20, 30, 40, 50,
and 60 min. The contents were filtered through a
0.45-ȝP PHPEUDQH WR UHPRYH WKH DGVRUEHQW
particles, and the concentration of metal ions in the
filtrate was estimated by an AAS. Three replicates
were used for each treatment.

Chemicals. All chemicals used were
analytical grade. Stock solutions of metal ions were
prepared from their sulfate salts (CuSO4·5H2O,
MnSO4·4H2O, and CdSO4·8H2O). Cr6+ was
prepared from K2Cr2O7. All metal standards were
prepared by dissolving the appropriate amount of

TABLE 2
The fundamental properties of metals
Atomic
number
Cr
Mn
Cu
Cd
a:

24
25
29
48

Atomic
mass
(g/mol)
52.0
54.9
63.6
112.4

Density
(g/cm3)
7.19
7.21
8.96
8.65

Ionic
radius
(pm)
44 (6+)a
67 (2+)
73 (2+)
95 (2+)

Valance of ion in parentheses.
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Atomic
radius
(pm)
140
140
135
155

Electronegativity
(Pauling scale)
1.66
1.55
1.90
1.69
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Pseudo first-order model

Data analysis. Calculation of
Adsorptive capacity. Amount of the metal
adsorbed per unit mass of biochar (Qe, mg/g)
was calculated by Equations 1.
Qe = (Ci ± Ce) · V / M
(1)

t
qt

h

x

m



qt

lg q e

(2)

1
 lg c e  lg k F
n

Freundlich isotherm model

qe

B ln AT  B ln ce

emkin isotherm model
with

B

RT
bT



k 2 q 2

kt t

(6)

t
q2
(7)

2

1
2

C

(8)
(9)

Where:
q1, q2 ,= amounts of metal adsorbed at equilibrium
(mg/g),
qt = amount of metal adsorbed at time t (mg/g),
k1 = the kinetic rate constant of pseudo first-order
sorption (1/min),
t = contact time (min),
k2 = the equilibrium rate constant of pseudo secondorder sorption (g/mg/min),
h = the initial sorption rate (mg/g min),
kt = intra-particle diffusion rate constant (g
/(mg·min0.5)), and
C = constant (mg/g).

1
k L  xm

Langmuir isotherm model

k 2 q2

2

Intra-particle diffusion kinetic model
with

Isotherms. Langmuir, Freundlich, and
Temkin isotherms models were used to evaluate the
adsorption performance of LC-RHBC for four
metal ions in aqueous solutions. Equations 2 - 5 are
mathematical models for the three models [10, 2122], respectively.
ce

1

Pseudo second-order model
and

Where:
Ci = initial metal ion concentrations (mg/L),
Ce = metal ion concentrations at equilibrium
(mg/L),
V = volume of solution (L),
M = dry mass of biochar (g).

ce
qe

Fresenius Environmental Bulletin

(3)

Analysis of SEM and EDS. Triplicates of 1.0
g LC-RHBC were mixed with 50-mL metal ion
solutions (pH 7.0) with the same concentrations of
50 mg/L Cr6+, Mn2+, Cu2+ and Cd2+. The mixtures
were shaken mechanically at 25oC at 200 rpm in
thermostatic water baths for 60 min. The contents
were filtered through a 0.45-ȝP PHPEUDQH WR JHW
the adsorbent particles. The control was treated
with distilled water. These particles were dried at
35oC for analysis of SEM (FEI QUANTA-200,
Netherlands) and EDS (INCA X-act 250, Oxford,
England).
The dried particle samples were gold-coated
by a vacuum electric sputter coater (HITACH-E1010, Japan) to the finest thickness, and then fixed
by conductive adhesive and treated by 15 mA
current for 50 seconds. The entire appearance was
observed of LC-RHBC at magnitude of 50× as well
as the outside and internal structures at magnitudes
of 400×, 800× and 3000×. EDS analysis was
FRQGXFWHG DW DQ DUHD RI  ȝP î  ȝP ZLWK
three replications for the outside and internal
surfaces for each treatment, using a 20.0-KV
electron beam. The working distance was 10.0 mm.
The number of iterations was 6 to7. Standard
reference materials used were C-CaCO3, O, SiSiO2, Na-albite, Mg-MgO, Al-Al2O3, P-gallium
phosphide, Cl-KCl, K-MAD-10 Feldspar, Cawollastonite, S-FeS2, Zn-Zn, Fe-Fe, Cr-Cr, Mn-Mn,
Cd-Cd, and Cu-Cu. The dominant signals
originated from Au due to SEM gold coating.

T
(4)
(5)

Where:
qe = amounts of metal adsorbed per unit of the
biochar at equilibrium (mg/g),
ce = metal ion concentrations at equilibrium (mg/L),
xm = maximum monolayer coverage capacity (mg/g),
kL = Langmuir isotherm constant (L/mg),
kF = Freundlich isotherm constant (mg/g),
n = adsorption intensity,
1/n is a function of the strength of adsorption,
AT = the Temkin isotherm equilibrium binding
constant (L/g),
bT = theTemkin isotherm constant,
R = the universal gas constant (8.314 J/mol/K),
T = Temperature at 298 K, and
B = Constant related to heat of sorption (J/mol).
Kinetics simulation. In order to examine the
controlling mechanism of sorption process, pseudo
first- and second-order models and intra-particle
diffusion kinetic models were used to test
experimental data. The three models were
mathematically expressed as Equations 6 - 9 [15,
23-24], respectively.
kt
lg q1  qt lg q1  1
2.303
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TABLE 3
Isotherm parameters of metals sorption by the biochar deduced from Langmuir,
Freundlich, and Temkin models.
Langmuir
Metal

xm
(mg/g)
5.85

Cr6+

kL
(L/mg)
0.02

Adjusted
R2
0.68*

Freundlich

Tmkin

0.69

kF
(mg/g)
0.18

Adjusted
R2
0.99**

AT
(L/g)
1.05

B
(J/mol)
0.70

1/n

Adjusted
R2
0.70*

2+

Mn

5.20

0.02

0.79**

0.65

0.18

1.00**

1.15

0.61

0.73**

Cu2+

5.12

0.02

0.85**

0.66

0.17

1.00**

1.12

0.62

0.76**

0.43

0.82

0.13

0.97**

0.78

0.94

0.69*

2+

Cd
11.95
0.01
*: P<0.05, **: P<0.01. n=7.

Table 3. Langmuir model only can be used to
describe the adsorption of Cr 6+, Mn2+, and Cu2+ on
LC-RHBC (Adjusted R2 =0.68±0.85, n=7), with a
similar maximum adsorption capacity 5.12±5.85
mg/g and same kL value of 0.02 L/mg, respectively.
In contrast, all the isotherms followed both
Freundlich (Adjusted R2 = 0.97±1.00, n=7) and
Temkin (Adjusted R2 = 0.69±0.76, n=7) models.
Obviously, the data fitted better with Freundlich
model. In Freundlich model, adsorptions of Cr 6+,
Mn2+, and Cu2+ had similar values of 1/n and kF,
ranging between 0.65±0.69 and 0.17±0.18 mg/g,
respectively, while Cd2+ was assigned to a higher
1/n value of 0.82 and a lower kF value of 0.13 mg/g.

RESULTS

Mn2+ adsorption (mg/g)

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

0
50
100
150
Equilibrium concentration (mg/L)
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
0
50
100
150

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
0

50
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Equilibrium isotherm. Fig.1 illustrates the
isotherms of Cr6+, Mn2+, Cu2+ and Cd2+ adsorbed by
LC-RHBC in the mono-metal solutions at 25oC
with the initial concentrations between 0±200
mg/L. All the isotherms belonged to L-type,
according to the classification of Giles and Smith
(1974) [25]. The metal adsorbed by the biochar
increased linearly during the initial stages, and the
increase rates clearly slowed down with increasing
equilibrium concentrations, changing from a linear
increase to a logarithmic one. Isotherm parameters
and correlation coefficients from Langmuir,
Freundlich, and Temkin models are reported in
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FIGURE 1
Isotherms of heavy metals adsorption by LC-RHBC. All the isotherms were L-types. The metal adsorbed
by the biochar increased linearly during the initial stage and then showed a logarithmic increase.
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FIGURE 2
Effects of contact time on the adsorption of four heavy metals by LC-RHBC. Adsorption of Cr6+ and Mn2+
was almost complete within 2 min, while adsorption of Cu2+ and Cd2+ increased with time during the
initial stage; after 10 and 20 min. Cu2+ and Cd2+ became stable, respectively.

0.0

Adsorption kinetics. Adsorptions of Cr6+ and
Mn reached equilibrium states within 2 min (Fig.
2). The adsorption capacities of Cr6+ were
0.39±0.01 mg/g at initial concentration of 5.0 mg/L,
and 0.75±0.02 mg/g at 10.0 mg/L. Whereas Mn2+
capacities were 0.59±0.04 mg/g at 10.0 mg/L and
1.18±0.02 mg/g at 20.0 mg/L, respectively. In
contrast, Cu2+-adsorption increased with time
before 10 min and then tended to be stable
gradually. The adsorption capacities were
0.43±0.00 mg/g at initial concentrations of 5.0
mg/L and 0.78±0.01 mg/g at 10.0 mg/L. For Cd2+,

the amount of adsorption had a slow increase with
time, and reached an equilibrium state after 20 min,
with capacity of 3.22±0.04 and 1.50±0.04 mg/g at
initial concentrations of 50.0 and 20.0 mg/L,
respectively. In addition, the adsorption capacities
estimated by three kinetics models and measured by
experiments (qe, exp) are shown in Table 4. It was
found that all the three models fit the experimental
data well. However, pseudo second-order equation
provided the best correlation coefficients (Adjusted
R2 = 1.00) for four metal ions with the closest q2
values comparing to qe, exp.

2+

TABLE 4
Simulation of sorption kinetic equations and corresponding parameters.

Ions

Initial
conc.
(mg/L)

qe, exp
(mg/g)

Cr6+

10
5

Pseudo First-order kinetic
model

Pseudo Second-order kinetic model

Intra-particle Diffusion kinetic
model

k2 (g
q2
Adjusted
h
Adjusted
Kt (g
C
Adjusted
/(mg·min) (mg/g
2
R
(mg/g min)
R2
/(mg·min0.5) (mg/g)
R2
)
)

k1
(1/min)

q1
(mg/g)

0.75±0.02

-0.02

0.04

0.36*

-4.84

0.72

-2.53

1.00**

-0.01

0.78

0.55**

0.39±0.01

-0.00

0.06

0.61**

-12.16

0.38

-1.77

1.00**

0.00

0.40

0.64**

20

1.18±0.02

-0.01

0.15

0.86**

1.86

1.22

2.76

1.00**

0.01

1.14

0.81**

10

0.59±0.04

-0.02

0.14

0.54*

1.91

0.64

0.78

1.00**

0.02

0.52

0.73**

Cu2+

10

0.78±0.01

-0.04

0.11

0.57**

1.74

0.80

1.12

1.00**

0.03

0.62

0.57**

5

0.43±0.00

-0.02

0.05

0.60**

6.32

0.43

1.19

1.00**

0.01

0.39

0.69**

Cd2+

50

3.22±0.04

-0.04

0.40

0.58**

0.40

3.27

4.25

1.00**

0.07

2.75

0.64**

20

1.50±0.04

-0.03

0.36

0.67**

0.42

1.56

1.03

1.00**

0.06

1.12

0.72**

Mn2+

a

a

: qe, exp: experimental data. *: P<0.05, **: P<0.01. n=9-10.
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FIGURE 3
SEM micrographs of LC-RHBC at different magnitudes. The entire appearance of LC-RHBC at 50 × (a);
regular arrayed crude peaked-tubercles microstructures with very filmy coats in the outside at 400 × (b),
800 × (c) and 3000 × (d); and the complicated slit-like cell structures attached to a rimous inner surface at
400 × (e), 800 × (f) and 3000 × (g).
SEM micrographs. SEM images revealed a
unique structure of LC-RHBC with two distinctly
different surfaces (Fig. 3a). The outside structure
was characterized as a regular-arrayed, crudepeaked tubercles shape with very filmy coats (Fig.
3-b, c, and d). In contrast, the inside structure was
full of fine slit-like cells (Fig. 3e), which were
arranged regularly and closely attached to the inner
surface (Fig. 3-f and g).

DISCUSSION
The fitness of Freundlich model to
experimental data was the best among the three
models (Table 3), suggesting a multi-layer
adsorption mechanism. The parameter 1/n in
Freundlich model is an indicator of adsorption
performance for an adsorbent. Dada et al. [10]
summarized that 1/n between 0.1 and 1.0 indicates
a favourable sorption process. In this study, all the
values of 1/n for four metals on the biochar ranged
between 0.65±0.82, indicating that LC-RHBC is a
good biosorbent. Xu et al. (2013) reported that the
adsorption of Cu2+ and Cd2+ by a rice husk-derived
biochar belonged to an L-type isotherm [12]. Our
observation was in accordance with the finding
(Fig. 1), but the adsorption capacity of LC-RHBC
in the present study (Fig. 1 and 2) was found to be
better than that reported by Xu et al. (2013). This
was possibly due to the fact that the biochar
material used by Xu et al. (2013) were grinded and
passed through a 0.5-mm sieve [12], while the
material used in this study was almost kept in their
initial physical shapes (Fig. 3a). SEM revealed that
LC-RHBC has a very different inside surface in
contrast to the outside surface. Combined with the
observation that the contents of four heavy metals
detected in the inside surface were, on average,

Contents of metal-adsorbed on surface of
LC-RHBC. EDS technique is increasingly used to
rapidly identify the kinds and contents of metals
adsorbed on the surface of sorbents. Almost all
kinds of elements on the surface of LC-RHBC were
detected by EDS technique (Table 5). There were
abundant metal and non-metal elements in the
biochar. Particularly, the contents of Si element
were, on average, above 24%. In contrast to
distilled water treatment, after adsorptions, Fe
contents decreased from 0.38% to < 0.09%.
Moreover, the contents of Cr6+, Mn2+, Cu2+, and
Cd2+ detected in the inside surface of biochar were
2.0, 12.0, 1.3, and 1.3 times higher than those on
the outside surface, respectively.
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TABLE 5
Atomic content (%) on the outside and internal surfaces of LC-RHB detected by energy dispersive
spectroscopy technique

C
O
d

Si

Distilled water
Out.a
Inter. b
22.30±4.0 71.15±4.6
0c
1
55.73±6.3 21.32±1.3
4
3
23.10±4.4
2.39±0.93
7
0.04±0.01 0.16±0.00

Cr6+
Out.
62.61±5.7
8
26.55±4.0
7
10.58±1.6
4
0.07±0.02

Inter.
36.83±3.6
8
48.50±2.3
8
14.23±1.2
0
1.90±0.00

Atomic content (%)
Mn2+
Out.
Inter.
28.77±4.0 57.62±1.4
9
8
52.25±2.3 28.93±3.4
3
6
18.59±1.5 10.87±1.5
8
5
0.04±0.01 0.96±0.38

Ca
M
0.01±0.00 0.14±0.00 0.04±0.02 0.06±0.03 0.07±.003 0.10±0.03
g
Fe
0.06±0.03 0.32±0.06 0.05±0.01 0.04±0.04 0.05±0.01
/
Na
/e
0.13±0.10 0.02±0.01 0.15±0.08 0.08±0.01 0.04±0.00
K
/
/
0.23±0.13 0.16±0.04 0.25±0.00
/
S
/
0.02±0.00
/
0.23±0.00 0.03±0.03 0.01±0.00
P
/
0.08±0.00 0.04±0.00 0.02±0.00
/
0.03±0.00
Cl
0.05±0.01
/
0.01±0.00 0.33±0.00
/
/
Al
/
/
0.11±0.05
/
0.10±0.00
/
Cr
/
/
0.02±0.01 0.04±0.02
/
/
M
/
/
0.01±0.00 0.03±0.01 0.08±0.03 0.93±0.34
n
Cu
/
/
/
0.03±0.00
/
/
Cd
/
/
/
/
/
/
a
: observation value on outside surface (%).
b
: observation value on internal surface (%).
c
: Mean ± standard deviation.
d
: Observation values of O element were possibly disturbed by O2 contents in the air.
H³/´LQGLFDWHVXQGHWHFWDEOH

Cu2+
Out.
Inter.
45.11±1.3 32.45±3.5
4
1
38.44±2.3 46.75±4.7
0
4
16.16±2.2 20.14±1.6
2
7
0.02±0.00 0.17±0.06

Cd2+
Out.
Inter.
33.94±0.6 68.71±7.3
2
2
47.74±1.1 19.60±3.0
2
3
18.16±1.7 10.09±5.8
7
9
0.02±0.01 0.35±0.03

0.08±0.03

0.14±0.05

0.06±0.02

0.11±0.00

0.02±0.00
0.01±0.00
0.12±0.00
/
/
0.03±0.00
/
/

0.02±0.00
/
/
/
/
0.05±0.02
/
/

0.03±0.01
/
/
/
/
0.02±0.00
/
/

0.05±0.01
/
/
0.05±0.02
/
0.04±0.01
/
/

/

/

/

/

0.12±0.02
/

0.16±0.03
/

/
0.06±0.02

/
0.08±0.02

was easy to form a complex due to its known strong
affinity with organic acids functional groups [9, 12,
15, and 29]. This is likely a mechanism for the
higher removal efficiency for Cu2+ by LC-RHBC.
In contrast, Cr6+, mostly as a typical oxoanion
(Cr2O72-), was proved to hardly combine with
negatively-charged carboxylate ligands on a
biomatrix [9]. Olayinka et al. (2009) thought that
adsorption of Cr6+ was largely dependent on contact
time [30]. However, in the present study, it was
found that contact time had an insignificant effect
on Cr6+ adsorption (Fig. 2). Daifullah et al. (2003)
believed that the ion-exchange reaction on a silica
surface can be accomplished by means of the
substitution of protons of surface silanol groups by
the metal ions from solutions [14]. It was supposed
that the high content of Si (above 24%) survived in
the LC-RHBC (Table 5) might provide a more
binding possibility to heavy metal ions.

1.3±12.0 times higher than those in the outside
surface (Table 5), it can be assumed that the
heterogeneous slit-like cell structures likely
provided much higher possibilities for metal ions to
be trapped and adsorbed. If the biochar were
ground and sieved when used, these natural
microstructures would be destroyed and the
adsorption performance would be negatively
affected. In addition, the noticeable differences of
adsorption capacity among four metals (Table 5)
could mainly originate from their ionic properties
(Table 2). For example, Mn2+ has the strongest
electronegativity among four metals. This may lead
to a much rapid and tighter adsorption by the
biochar.
All the adsorption kinetics was best
represented by Pseudo Second-order kinetic model
(P < 0.01) (Table 4), suggesting a potential ion
exchange and electron sharing or electron transfer
adsorptive mechanism. Ca, Mg, and Fe elements
were found being survived in the biochar with high
contents of 0.15-0.30%. Particularly, after
adsorptions, Fe contents were found to decrease
from 0.32% to < 0.05% in the inside surface (Table
5). This likely provides a direct evidence for ion
exchage reaction mechanism. On the other hand,
rice husk is generally rich in cellulose (55±60%),
hemicelluloses (20±25%), and lignin (20±25%)
[11], which decomposes around 300oC, producing
organic acids and phenolic substances that can
provide binding sites for metals [12, 26-28]. Cu2+

CONCLUSIONS
(1) The inner side of LC-RHBC, which
showed a fine slit-like cell microstructure, provided
much higher possibilities for metal ions to be
trapped and adsorbed. This implies that to keep the
natural structure of biochar when the material was
used as a biosorbent would substantially enhance
the removal efficacy of heavy metals.
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(2) Si and Fe survived in the LC-RHBC,
potentially play key roles in the removal of heavy
metals.
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strongly affected by stress factors because they are
planted out of their natural areas.
The plant species that can cope with frost,
drought, and salinity in the areas where such
permanent stress factors prevail should be
determined firstly. Then more resistant origins of
the species that are most resistant to these stress
factors should be identified.
Previous studies on this subject focused on the
species that are resistant to drought stress [5-7], the
origins of the species found to be resistant to
drought [8-10], and differences between clones in
seed orchards [4]. However, there is not enough
research on other stress factors, especially frost
stress.
The present study aims to determine the
resistances of some plant species that are frequently
used in landscaping works to frost stress. The
purpose was to identify the plant species affected
by frost stress least and the plant species whose use
should be prioritized in landscaping works
performed in the areas where frost damage occurs
frequently.

ABSTRACT
In this study, frost stress often used in
landscaping work with ions leakage method aims to
determine the resistance of the ten plant species.
For this purpose, were exposed to temperatures of 15 °C, -25 °C, -35 °C and -45 °C. Relative injury
indices is a method commonly used to determine
the degree of frost damage ion leakage calculated
with use. The changeable in relative injury index
due to temperature was found to be statistically
significant at the reliability level of 99.9% in all
species except for Cedrus libani. Ligustrum
vulgare, Euonymus japonica, Mahonia aquifolium,
Prunus laurocerasus, and Cedrus libani have been
found to be least resistant strains against frost
stress.
Pinus
sylvestris
and
Cupressus
sempervirens, on the other hand, were seen to be
the species affected by least frost stress. Thuja
orientalis, Pinus nigra, and Picea pungens were
found to be partially resistant to frost stress.
KEYWORDS:
Frost stress, ion leakage method, relative injury index

MATERIALS AND METHODS
INTRODUCTION
The study was conducted on 10 species widely
used in landscaping works: Pinus nigra, Pinus
sylvestris, Cedrus libani, Thuja orientalis,
Cupressus sempervirens, Ligustrum vulgare,
Mahonia aquifolium, Picea pungens, Euonymus
japonica, and Prunus laurocerasus.
The saplings, which will be undertaking the
frost stress, were raised in Kastamonu Gölköy
Forest Nursery and morphologically similar
saplings were used in this study. The saplings were
separated into 5 groups of 10 saplings for each
group. The frost stress was implemented at the
second week of February 2015. In order to
determine the initial values, approximately 1 cm2
leaf pieces were taken in the middle of the leafs
from the broadleaved saplings, therewithal
approximately 1 cm long 10 needles pieces were
taken from needles saplings. The ion leakage values

Factors which have a negative effect on the
growth and development of plant are called stress
[1]. As a result of environmental stress, defined as a
limitation upon the normally operated system
function [2]. When plants are under stress
conditions, they try to adjust their physiologies and
metabolisms in accordance with conditions and
limitations of their areas of spread [1]. The most
important stress factors confronted by plants in
their courses of life are salinity, drought, and frost
causing water deficit at cellular level. The stress
factor to which plants are most sensitive is
temperature (i.e. high temperature and low
temperature). Frost stress is frequently experienced
by the plants in temperate regions and northern
latitudes [3]. Frost has a negative effect on the
growth and development of plants in almost 16% of
the world [4]. Plants used in landscape projects are
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TABLE 1
Differences between the applications
Sum of Squares
df
Mean Square
Between Groups
Within Groups

245332,737
535721,527

4
495

Total

781054,263

499

61333,184
1082,266

Sig.

56,671

,000

12,13,14]. The obtained data were subjected to
variance analysis. Homogenous groups were
formed by admLQLVWHULQJ 'XQFDQ¶V WHVW ZKHQ
VWDWLVWLFDOO\ VLJQLILFDQW 3    GLIIHUHQFHV ZHUH
found in the variance analysis. Graphs representing
the formation of homogenous groups were obtained
and interpreted after Duncan¶V test.

were specified from these leaf samples. Thus,
³5(/0´YDOXHVZHUHREWDLQHG
Afterwards, the saplings were placed in
freezing cabins in the laboratories of Kastamonu
Universtiy Engineering and Architecture Faculty.
At this stage, the saplings which were placed in the
cabins were reached the aimed temperature by
reducing 5 °C sa-1 and after being waited 16 hours
on the purpose of ensuring resolution slowly. Later,
WKH IUHH]LQJ FDELQ¶V WHPSHUDWXUH ZHUH UDLVHG  °C
sa-1 more to reach room temperature [3]. This
process were applied to every group of saplings for
the aimed temperatures (-15 °C, -25 °C, -35 °C, -45
°C and -55 °C 7KH³RELt´DQGLRQOHDNDJHDVVD\V
were obtained from the saplings that were subjected
to frost stress.
In order to determine the degree of the frost
damage, the commonly used ion leakage method
was used. After the frost test, deteriorations are
VHHQ RQ WKH FHOO¶V PHPEUDQHV LQ WKHVDSOLQJ¶V
needles. This deterioration process increases the
HOHFWURO\WH¶V GLIIXVLRQ )URP WKH VDSOLQJV ZKLFK
were used for experiment, approximately 1 cm2 of
leaf piece were taken from the middle part of the
each broadleaved saplings and meanwhile, 1 cm
long 10 needles pieces were taken from the each
needles saplings which were used for the
experiment. These pieces were taken to tubes and
15 ml of bidistillated water were added.
Afterwards, these tubes were waited at room
(ambient) temperature for 24 hours and the first
conductivity
readings
were
made
with
conductometer. After the first readings (C1), the
tubes were waited in incubator at 120 °C for one
hour and when they became cold at room
temperature, the last conductivity readings (C2)
were made with conductometer.
7KH GDPDJH FRQWURO DQG IUR]HQ JURXS¶V
relative conductivity (RC) values calculated and as
the percentage according to the formula of injury
index which was suggested by Flint et al. [11], was
calculated according to the injury index formula
(It). The injury index formula is as below;
REL0= (C1/ C2) x 100
RELt= (C1/ C2) x 100
It= (RELt ± REL0)/ (1 ± (REL0/100))
The obtained conductivity values changes
between 0 to 1 and it also informs about the damage
on cells caused by the frost stress. This method was
used on different species in many studies [3,

RESULTS AND DISCUSSION
Table 1 are shown the variance analysis
results that indicate the differences between the
temperatures at the end of the study.As seen in
Table 1, there were statistically significant (at a
reliability level of 99.9%) differences between the
applied temperatures. Thus, Duncan¶s test was
administered to the data. The results are given in
Table 2.
TABLE 2
'XQFDQ¶VWHVWUHVXOWV
Groups
1

2

3

4

5

-15 °C 24,39
-25 °C
-35 °C
-45 °C
-55 °C

35,80
57,50
70,65
84,96

As it is clear from the table 2, the relative
injury index which is averagely 24.39% at -15 °C
rises to 35.80% at -25 °C, to 57.50% at -35 °C, to
70.65% at -45 °C, and to 84.96% at -55 °C. The
data were subjected to variance analysis in order to
determine the effects of low temperatures on
VSHFLHVEDVLV7KHQ'XQFDQ¶VWHVWZDVDGPLQLVWHUHG
to the data. They are shown in Table 3 and Figure
1.
Table 3 and Figure 1 indicates that change in
relative injury index due to temperature was
statistically significant at a reliability level of
99.9% in all species except for Cedrus libani. The
relative injury index rose to over 90% at -45 °C and
became 100% at -55 °C in Ligustrum vulgare,
Euonymus japonica, and Mahonia aquifolium. In
Prunus laurocerasus, the relative injury index rose
to over 90% as of -25 °C. In Cedrus libani, it rose
to over 70% and remained so even at -15 °C. Thus,
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TABLE 3
Relative injury index based on temperature by species
The relative injury indices (%)
Species

F Value

15 °C

25 °C

35 °C

45 °C

55 °C

Prunus laurocerasus

20,993***

25,48 a

98,27 b

91,38 b

92,53 b

93,85 b

Cupressus sempervirens

10,123***

13,16 a

14,00 a

38,88 b

63,99 c

65,14 c

Pinus nigra

17,755***

1,73 a

0,07 a

23,12 a

50,71 b

82,33 c

Ligustrum vulgare

22,937***

17,82 a

37,89 a

90,45 b

90,72 b

100,00 b

Euonymus japonica

6,609***

63,98 a

77,13 ab

87,32 bc

92,29 bc

100,00 c

Cedrus libani

2,149ns

71,56 a

71,32 a

76,76 a

83,13 a

82,25 a

Mahonia aquifolium

30,986***

42,67 a

39,49 a

74,18 b

93,87 c

100,00 c

Picea pungens

40,617***

0,71 a

0,00 a

31,95 b

33,87 b

81,71 c

Thuja orientalis

14,663***

6,80 a

19,82 ab

23,05 ab

42,15 b

89,18 c

0,00 a

37,87 b

55,52 b

62,82 b

12,358***
0,00 a
Pinus sylvestris
***Statistically significant of the 0.001 probability level,

FIGURE 1
The relative injury indices by frost stress level on species basis
sempervirens are the species that are affected by
frost stress least.
The relative injury indices of Pinus nigra and
Picea pungens were very low especially at -15 °C
and -25 °C, but the degrees of injury increased as a
result of decreasing temperature values and rose to
over 80% at -55 °C. In Thuja orientalis, the relative
injury index was 42.15% until -45 °C, but rose to
89.18% at -55 °C. Based on these results, these
three species can be considered partly resistant to
frost stress. Figure 1 represents the graph that

it can be said that these 5 species are the species
least resistant to frost stress.
The research results show that the species that
are most resistant to frost stress are Pinus sylvestris
and Cupressus sempervirens. In Pinus sylvestris,
the relative injury index was 0% at -15 °C and -25
°C but rose to 37.87% at -35 °C, to 55.52% at -45
°C, and to 62.82% at -55 °C. In Cupressus
sempervirens, the relative injury index was 13.16%
at -15 °C, 14.00% at -25 °C, 38.88% at -35 °C,
63.99% at -45 °C, and 65.14% at -55 °C. Therefore,
it is safe to say that Pinus sylvestris and Cupressus
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Pinus nigra grows in South and Southeast
Europe and also in West Asia sub-Mediterranean
region [18], Thuja orientalis grows in Korea,
Manchuria, North China and Picea pungens grows
in North America. However, at the same time these
three species can grow in parks and gardens of the
Europe easily because of their high tolerance [15].
Pinus sylvestris and Cupressus sempervirens
are known as the most enduring species to frost
stress and they are prominent with their durability.
Cupressus sempervirens is a dense plant and has
compact branches as species and especially
pyramidalis form creates a detachable structure and
this structure makes this species enduring to many
external factors. It is known that Cupressus
sempervirens can show a good progress even in
lean soil which no plant cannot grow in [15].
Pinus sylvestris is the most widely distributed
member of the family Pinaceae in the world. The
longitudinal range of Scots pine covers over 14,000
km and extends from 8°W in Spain to 141°E in
Siberia. The latitudinal range of Scots pine covers
over 3,700 km and extends from 37°N in Turkey to
70°N in Norway, Sweden and Finland [19-20].
Pinus sylvestris and Cupressus sempervirens
was determined to be the most resistant species.
=HQFLUNÕUDQ[16] indicated that Pinus sylvestris and
Cupressus sempervirens are resistant to cold
climatic conditions when $QúLQ and Özkan [18]
mentioned that Pinus sylvestris is affected by the
frost. Additionally, Çolak et al., [3] said that Pinus
slvestris are more durable forest than Pinus nigra
and Cedrus libani.
There are many studies in which resistance to
frost stress is determined through ion leakage
method [21-23]. However, there are quite few
studies that attempt to identify the resistance of
species to frost stress. Çolak [1] compared Pinus
nigra Arn. subsp. pallasiana (Lamb.) Holmboe,
Cedrus libani A. Rich., and Pinus sylvestris L.
species and found out that relative injury index was
24.56% at -45 °C, the highest frost stress level, in
Pinus sylvestris L., 62.56% at the same temperature
in Pinus nigra Arnold, and 74.27% at the same
temperature in Cedrus libani.
In one of the most detailed studies on this
subject, USDA created 11 resistance to frost zones
and determined the levels to resistance of the
species in these zones [24]. The results of that study
show that Cedrus libani and Cupressus
sempervirens spread at between -12.2 °C and -17.7
°C; Cupressus sempervirens is resistant up to -16
°C; Pinus nigra spreads at between -23.3 and -28.8
°C and is resistant up to 40 °C; Picea pungens
spreads at between -17.8°C and -23.2°C; and Pinus
sylvestris spreads at between -40°C and -45.6°C
and is resistant up to 90 °C.

indicates the relative injury indices of the species
by frost stress level.
Cedrus
libani,
Prunus
laurocerasus,
Ligustrum vulgare, Euonymus japonica and
Mahonia aquifolium, frost stress has been identified
DV WKH PRVW YXOQHUDEOH VSHFLHV 0DPÕNR÷OX [15]
mentiones that Prunus laurocerasus the winters can
be grown in colder climates, =HQFLUNÕUDQ [16]
indicates that the frost resistant Cedrus libani.
However, Çolak et al.,[3] has noted that Cedrus
libani damaged significantly at temperatures below
30°C. The results of the frost-sensitive species
identified as species is remarkable that all broadleaf
is except Cedrus libani
Thuja orientalis, Pinus nigra and Picea
pungens were identified as partially resistant
VSHFLHV =HQFLUNÕUDQ [16] mentioned that Picea
pungens and Pinus nigra are resistant to frost while
Thuja orientalis can be damaged by the cold. Çolak
et al., [3] indicated that Pinus nigra is more
resistant to low temperatures than Cedrus libani,
however, is not as resistant Pinus sylvestris.
Semerci et al., [14] PHQWLRQHG WKDW RYHUDOO LW¶V
injuries significantly at -25°C and the degree of
origin on the basis of occurred injuries in values
ranging from 72.73% to 48.00% Pinus nigra is
also changed in terms of the origin of the injuries
index.
As a result of the study it was determined that
the most enduring species are Pinus sylvestris and
Cupressus sempervirens. Pinus nigra, Thuja
orientalis and Picea pungens have reasonable
enduring to frost stress. Moreover, Ligustrum
vulgare, Euonymus japonica, Mahonia aquifolium,
Prunus laurocerasus and Cedrus libani were
determined as the least enduring species to frost
stress according to the results of the study. When
the aforementioned species were analysed, it was
seen that all the broadleaved species are from the
least durable frost stress group. This situation
shows that the species which have large leaf surface
are affected a lot by frost stress. In addition to these
species, Cedrus libani is one of the most affected
species from frost stress.
Cedrus libani grows
(habitat) naturally only in Toros Mountains and
Lebanon [15]. Growing only in Mediterranean
Climate and a limited area for Cedrus libani shows
that frost stress and the ecological conditions of the
growing place for plants are intercorrelated. From
an evolutionary point of view, it is understandable
that those environmental conditions, which
normally precede cold stress, are the main factors
affecting freezing tolerance [17].
It was determined that reasonably enduring
species for frost stress are Pinus nigra, Thuja
orientalis and Picea pungens. When these species
natural growing areas (habitat) were examined, it
was seen that they have a very large habitat area.
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Actually, development of freezing tolerance is
based on complex metabolic and structural changes
in plant cells involving regulation at various levels
[25]. However, it should be kept in mind that origin
is also an important factor in terms of resistance to
stress factors. Hurme et al., [26] reported that
genetic correlations between frost hardiness and
phenological traits are high at the between
population and Savolainen et al., [27] found also a
high genetic correlation within a population.
As a matter of fact, Semerci et al., [14]
focused on different Pinus nigra origins and
determined that injury index differed on origin
basis (e.g. injury index was 58.40% at -40 °C in
Akifiye origin and 91.03% at -40 °C in Burhanda÷Õ
origin, and similar values were detected at other
temperature levels, too). Similar results were
obtained in some other studies comparing origins in
terms of drought stress [8,9,14].
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ZKHQ R[\JHQ RU QLWURJHQ RU SKRVSKRUXV EHFRPHV
D OLPLWLQJ IDFWRU > @ $ QXPEHU RI 5KL]RELXP
6LQRUKL]RELXP %UDG\UKL]RELXP DQG $]RUKL]RELXP
VSHFLHVLVIRXQGWRSURGXFHDQGVWRUH3+%ERWKLQ
IUHH OLYLQJ >@ DQG V\PELRWLF VWDWHV > @ 7KH
ELRV\QWKHVLV RI 3+% E\ UKL]RELD XQGHU FHUWDLQ
FRQGLWLRQV GHSHQGV RQ ERWK WKH JHQHWLF
FKDUDFWHULVWLFV DQG FXOWXUH FRQGLWLRQV RI WKH VWUDLQ
> @ )DVW JURZLQJ UKL]RELD DUH FDQ V\QWKHVL]H D
YDULHW\ RI SRO\PHUV DV EDFWHURLGV RU IUHHOLYLQJ
FHOOV>@
6WRUDJH RI HQHUJ\ LV SUREDEO\ WKH PDLQ
IXQFWLRQ RI 3+% LQ PLFURELDO FHOOV ,W ZDV VKRZQ
WKDW WKH 3+% FRQWHQW LQ EDFWHURLGV LV QHJOLJLEOH
SUHFLVHO\ GXULQJ DFWLYH QLWURJHQ IL[DWLRQ DQG
UHVSLUDWLRQ ZKHQWKHLUUHTXLUHPHQWV IRUHQHUJ\DQG
UHGXFLQJ HTXLYDOHQWV DUH SDUWLFXODUO\ KLJK
%RQDUWVHYD HW DO >@ ZLWK SXUH FXOWXUHV RI 5
YLJQD 5 MDSRQLFXP 5 SKDVHROL DQG 5 PHOLORWL 
GHPRQVWUDWHGWKHGHSHQGHQFHRI3+%FRQWHQWXSRQ
QLWURJHQDVH DQG K\GURJHQDVH DFWLYLW\ $ VWULFW
LQYHUVH FRUUHODWLRQ ZDV UHYHDOHG EHWZHHQ
QLWURJHQDVH DFWLYLW\ DQG WKH 3+% FRQWHQW GXULQJ
DQHURELF JURZWK LQ WKH SUHVHQFH RI QLWUDWHV 7KLV
GHSHQGHQFH DSSDUHQWO\ ZDV GXH WR WKH 3+%
H[SHQGLWXUH RQ QLWURJHQ IL[DWLRQ XQGHU VXFK
FRQGLWLRQV
7KH SUHVHQW ZRUN ZDV XQGHUWDNHQ WR
LQYHVWLJDWH WKH V\QWKHVLV RI 3+% XQGHU GLIIHUHQW
FDUERQDQGQLWURJHQVRXUFHVLQUKL]RELDVWUDLQV
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%DFWHULDO VWUDLQV DQG FXOWXUH PHGLD 7KH
VWUDLQV RI 5KL]RELXP XVHG LQ WKLV VWXG\ ZHUH
LVRODWHG DQG LGHQWLILHG IURP URRWV RI GLIIHUHQW
OHJXPLQRXV SODQWV FROOHFWHG LQ 7XUNH\ 7DEOH 
5KL]RELDZHUHLVRODWHGXVLQJ\HDVWH[WUDFWPDQQLWRO
<(0 PHGLXPDQGZHUHPDLQWDLQHGLQJO\FHURODW
&
)HUPHQWDWLRQVZHUHFDUULHGRXWLQDPORI
FXOWXUH PHGLXP LQ  PO (UOHQPD\HU IODVNV ZLWK
DJLWDWLRQDWUSPDW&
7R VFUHHQ 3+% SURGXFWLRQ DELOLW\ DQG IRU
RWKHU H[SHULPHQWV WKH LVRODWHV ZHUH JURZQ LQ D
PO RI \HDVW H[WUDFW PDQQLWRO PHGLXP LQ PO
(UOHQPH\HU IODVNV >@ 3UHFXOWXUHV DQG FXOWXUHV
ZHUHJURZQDWR&RQURWDU\VKDNHU USP IRU
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7KH SODVWLF PDWHULDOV SURGXFHG IURP
SHWUROHXP EDVHG FKHPLFDOV FDXVH VHULRXV
HQYLURQPHQWDO ZDVWH SUREOHPV DOO RYHU WKH ZRUOG
ZKHQWKH\DUHGLVFDUGHGDIWHUXVH$VDQDQVZHUIRU
WKLV HQYLURQPHQWDO DQ[LHW\ WKH XVDJH RI
ELRGHJUDGDEOHSODVWLFPDWHULDOVVKRXOGEHSUHIHUUHG
3RO\EK\GUR[\EXW\ULF DFLG 3+%  LV RQH RI WKH
ELRGHJUDGDEOH SRO\PHULF PDWHULDOV DQG KDV PDQ\
FKDUDFWHULVWLFVRIWUDGLWLRQDOSODVWLFV
,Q WKLV VWXG\ WKH 3+% SURGXFWLRQ DELOLW\ RI
5KL]RELXP EDFWHULD ZDV LQYHVWLJDWHG 7KH EDFWHULD
ZHUHLVRODWHGIURPQRGXOHRIOHJXPLQRXVURRWV7KH
\LHOGSHUFHQWDJHVRI3+%SURGXFHGE\VWUDLQVRI
WKH 5KL]RELXP EDFWHULD ZHUH EHWZHHQ 
  7KH \LHOGV ZHUH GHWHUPLQHG IRU ILYH
VWUDLQV JURZQ XQGHU GLIIHUHQW FDUERQ DQG QLWURJHQ
VRXUFHV DQG YDULHG IURP  WR  IRU
FDUERQ VRXUFHV DQG IURP  WR  IRU
QLWURJHQVRXUFHV7KHVWUDLQV5DQG5JDYHWKH
KLJKHVW \LHOG LQ WKH SURGXFWLRQ RI 3+% :LWK
GLIIHUHQW VKDNLQJ YHORFLWLHV WKH \LHOG SHUFHQWDJHV
REWDLQHGZHUHYDULHGIURPWR



.(<:25'6
3RO\EK\GUR[\EXW\ULF DFLG 5KL]RELXP $FFXPXODWLRQ
5KL]RELXP%LRSRO\PHUVQLWURJHQVRXUFHFDUERQVRXUFH



,1752'8&7,21


7RGD\ WUDGLWLRQDO SODVWLFV PDWHULDOV ZKLFK DUH
SURGXFHG IURP SHWUROHXP EDVHG FKHPLFDOV FDXVH
VHULRXVHQYLURQPHQWDOSUREOHPVZKHQWKH\OHIWDIWHU
XVLQJDVZDVWHDOORYHUWKHZRUOG$VDQDQVZHUIRU
WKLVHQYLURQPHQWDODQ[LHW\DQGOHVVHQWKHSUREOHP
WKH XVDJH RI ELRGHJUDGDEOH PDWHULDOV VKRXOG EH
SUHIHUUHG3RO\EK\GUR[\EXW\ULFDFLG 3+% LVRQH
RI WKH ELRGHJUDGDEOH SRO\HVWHU PDWHULDOV
DFFXPXODWHG E\ PDQ\ PLFURRUJDQLVPV DV DQ
LQWUDFHOOXODU VWRUDJH PDWHULDO RI FDUERQ DQG HQHUJ\
XQGHUXQIDYRXUDEOHJURZWKFRQGLWLRQV,QWHUHVWLQJO\
LWKDVPDQ\FKDUDFWHULVWLFVRIWUDGLWLRQDOSODVWLFV>@
DQGKDVUHFHQWO\DWWUDFWHGLQGXVWULDOVHFWRUVEHFDXVH
RI LWV SRWHQWLDO XVH DV SUDFWLFDO ELRGHJUDGDEOH DQG
ELRFRPSDWLEOH WKHUPRSODVWLFV 6RPH EDFWHULD
SURGXFH 3+% LQ WKH SUHVHQFH RI H[FHVV FDUERQ
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0HGLFDJRVDWLYD/
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9LJQDDQJXLFXODWD/
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3KDVHROXVVS 
55


/HQVFXOLQDULV


K *URZWK ZDV GHWHUPLQHG E\ PHDVXULQJ WKH
RSWLFDOGHQVLW\DWQPLQDVSHFWURSKRWRPHWHU

0HWKRGIROORZHGIRUWKHHVWLPDWLRQRI3+%
5KL]RELXP FXOWXUHV LQRFXODWHG LQ \HDVW H[WUDFW
PDQQLWRO <(0  PHGLXP ZHUH LQFXEDWHG DW R&
IRUKRQDVKDNHU USP 7KHQWKHEDFWHULDO
FHOOVZHUHFHQWULIXJHGDWUSPIRUPLQDQG
SHOOHWV REWDLQHG ZHUH GULHG DW & IRU  K 7KH
GU\ZHLJKWRIWKHSHOOHWVZDVGHWHUPLQHG$IWHUWKDW
WKHSHOOHWV ZHUHVXVSHQGHGLQ PORI VWHULOH ZDWHU
DQG KRPRJHQL]HG XVLQJ XOWUDVRQLF WUHDWPHQW
PLQ 7RDPORIWKHFHOOVXVSHQVLRQPORI1
+&O ZDV DGGHG LQ D WHVW WXEH DQG ZHUH KHDWHG DW
R&IRUKLQD ZDWHUEDWKWKHQWKHWXEHV ZHUH
FHQWULIXJHG DW  [ J IRU  PLQ 7KH\ ZHUH
SUHFLSLWDWHG E\ DGGLWLRQ RI  PO FKORURIRUP 7KH
WHVWWXEHVZHUHOHIWRYHUQLJKWDWR&RQDVKDNHUDW
 USP 7KHQ WKH WHVW WXEHV ZHUH FHQWULIXJHG DW
 [ J IRU  PLQ 7R WKH GULHG FKORURIRUP
H[WUDFW  PO  PO RI VXOSKXULF DFLG ZDV DGGHG
7KH\ ZHUH KHDWHG DW R& LQ D ZDWHU EDWK IRU 
PLQ 3+% FU\VWDOV ZHUH FRQYHUWHG LQWR FURWRQLF
DFLG7KHDEVRUEDQFHRIWKHVROXWLRQZDVPHDVXUHG
DW  QP LQ D 89 VSHFWURSKRWRPHWHU DJDLQVW D
VXOSKXULFDFLGEODQN7KHDPRXQWRI3+%SHUJUDP
GU\ZHLJKWRIEDFWHULDOFHOOVZDVGHWHUPLQHGXVLQJD
VWDQGDUG FXUYH RI 3+% > @ $OO H[SHULPHQWV
ZHUH UHSHDWHG WKUHH RU VRPHWLPHV IRXU WLPHV WKH
DYHUDJHYDOXHVDUHJLYHQLQWKHWDEOHV

7KHHIIHFWRIGLIIHUHQWFDUERQDQGQLWURJHQ
VRXUFHV RQ WKH SURGXFWLRQ RI 3+% *OXFRVH
VXFURVH DUDELQRVH IUXFWRVH VRGLXP DFHWDWH







6RXUFH

(VNLVHKLU

(VNLVHKLU


(VNLVHKLU


(VNLVHKLU

(VNLVHKLU

(VNLVHKLU

(VNLVHKLU

(VNLVHKLU

(VNLVHKLU

dXNXUKLVDU (VN 
(VNLVHKLU

0DQLVD 

(VNLVHKLU

(VNLVHKLU
VRGLXP VXFFLQDWH DQG VRGLXP IXPDUDWH ZHUH XVHG
DV FDUERQ VRXUFHV DQG SRWDVVLXP QLWUDWH
DPPRQLXP VXOSKDWH JOXWDPLQ JO\VLQH DVSDUDJLQH
DQGXUHDZHUHWKHQLWURJHQVRXUFHV&DUERQVRXUFHV
ZHUH DGGHG ZY  WR WKH PHGLXP E\ UHSODFLQJ
WKH PDQQLWRO LQ WKH RULJLQDO <(0 6LPLODUO\
QLWURJHQ VRXUFHV ZHUH DGGHG ZY  WR WKH
PHGLXP DV QLWURJHQ VRXUFH E\ UHSODFLQJ WKH
SHSWRQHDQGWU\SWRQHIURPWKH<(0>@


5(68/76$1'',6&866,21

7ZHQW\ VHYHQ 5KL]RELXP VWUDLQV REWDLQHG
IURPWKHURRWVRIOHJXPLQRXVSODQWVZHUHHPSOR\HG
LQWKLVVWXG\7DEOHVKRZVWKHDPRXQWVRIGU\FHOO
ZHLJKW DQG WKH \LHOGV RI 3+% SURGXFHG E\ WKH
5KL]RELXP VWUDLQV 7KH ELRPDVVHV RI WKH VWUDLQV
ZHUH GLIIHUHQW 7KH \LHOGV RI 3+% DFFXPXODWHG LQ
WKH FHOOV DFFRUGLQJ WR WKHLU GU\ ZHLJKW ZHUH DOVR
GLIIHUHQW 7KH KLJK 3+% SURGXFWLRQ SHUFHQWDJHV
ZHUH  IRU 5  IRU 5  IRU
5IRU5DQGIRU5
$ODUJHQXPEHURIWKH5KL]RELXPVWUDLQVZHUH
UHSRUWHG WR SURGXFH 3+% 7RPEROLQL DQG 1XWL >@
KDYHUHSRUWHGWKHSURGXFWLRQRI3+%E\5KL]RELXP
PHOLORWL DQG IRXQG WKDW SRO\ K\GUR[\EXW\UDWH
DFFXPXODWHGXSWRRIFHOO ZHLJKW $W
DLU VDWXUDWLRQ 5 PHOLORWL DFFXPXODWHG  RI LWV
ELRPDVV DV 3+% DIWHU K RI EDWFK IHUPHQWDWLRQ
$FFRUGLQJ WR 0HUFDQ HW DO >@ WKH DPRXQW RI WKLV
SRO\PHULQUKL]RELDUDQJHVIURPWRRIGU\
FHOOZHLJKW
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<LHOGRI3+%  






























VWUDLQ7KH3+%SURGXFWLRQV E\5DQG 5VWUDLQV
ZHUHKLJKHULQWKHSUHVHQFHRIIUXFWRVH
,QHDUOLHUH[SHULPHQWVSHUIRUPHGE\<XVKNRYD
HWDOPD[LPDO3+%DFFXPXODWLRQZDVREVHUYHGLQ
5KL]RELXP OXSLQL DIWHU JURZWK ZLWK PDQQLWRO DQG
JOXWDPDWH VLPLODU WR RXU REVHUYDWLRQ >@
0D[LPXP 3+% DFFXPXODWLRQ ZDV REWDLQHG LQ
5KL]RELXP FLFHUL DIWHU JURZWK ZLWK PDQQLWRO >@
7DYHUQLHU HW DO >@ LQYHVWLJDWHG WKH HIIHFW RI
GLIIHUHQW QLWURJHQ DQG FDUERQ VRXUFHV RQ 3+%
SURGXFWLRQ LQ WZR VWUDLQV RI 5 PHOLORWL 7KH\
UHSRUWHG WKDW WKHVH WZR VWUDLQV VKRZHG GHFUHDVH LQ
3+%FRQWHQWLQWKHPHGLXPZLWKIUXFWRVHWKH3+%
\LHOGZDV

%DVHGRQWKHSUHVHQWGDWDWKHLVRODWHV55
55DQG5ZHUHFKRVHQIRUIXUWKHUVWXGLHV
3+% DFFXPXODWLRQV E\ WKHVH VHOHFWHG VWUDLQV DIWHU
FXOWLYDWLRQZLWKGLIIHUHQWFDUERQVRXUFHVDUHVKRZQ
LQ7DEOH7KHFHOOJURZWKLQVXFURVH ZDVDOZD\V
JUHDWHU WKDQ WKDW LQ PDQQLWRO JOXFRVH DQG VRGLXP
DFHWDWHIRUVWUDLQV5DQG5*URZWKRI55
DQG5VWUDLQVLQWKHSUHVHQFHRIVRGLXPVXFFLQDWH
ZDV JUHDWHU WKDQ LQ WKH SUHVHQFH RI RWKHU FDUERQ
VRXUFHV 3+% SURGXFWLRQ E\ 5 5 DQG 5
VWUDLQV ZDV IDYRXUHG E\ PDQQLWRO :KHQ PDQQLWRO
ZDV XVHG DV WKH VROH FDUERQ VRXUFH WKH 3+%
FRQWHQWLQGULHGFHOOZDVDVKLJKDVE\5
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:KHQJOXFRVHZDVXVHGDVFDUERQVRXUFHRQO\
KRPRSRO\PHU RI K\GUR[\EXW\UDWH ZDV SURGXFHG
>@ 'LIIHUHQW FRQFHQWUDWLRQV RI ERWK FRSRO\PHU
DQG K\GUR[\YDOHUDWH ZHUH REWDLQHG ZKHQ WKH
PLFURRUJDQLVPV ZHUH JURZQ LQ EDWFK FXOWXUH LQ

3+% JOW 
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WKH SUHVHQFH RI SURSLRQDWH RU YDOHUDWH DQG ZLWK
JOXFRVHVXFURVHRUVXFFLQDWHDVPDLQFDUERQVRXUFH
>@ 0HUFDQ HW DO >@ LQYHVWLJDWHG WKH HIIHFW RI
FDUERQ VRXUFHV RQ WKH 3+% SURGXFWLRQ E\
5KL]RELXPVSSVWUDLQ7KH\DOVRUHSRUWHGWKDW
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:KHQ FRPSDUHG WR WKH YDOXHV UHSRUWHG LQ WKH
OLWHUDWXUH WKH DPRXQW RI 3+% DFFXPXODWHG LQ RXU
5KL]RELXP VWUDLQV ZDV JHQHUDOO\ ORZHU WKDQ WKDW
DFFXPXODWHG E\ WKH RWKHU 5KL]RELXP VSS 7KXV
QXWULHQW GHILFLHQF\ DSSHDUV WR EH D FRPSOH[ IDFWRU
LQIOXHQFLQJ WKH DFFXPXODWLRQ RI 3+% DQG QHHGV
IXUWKHULQYHVWLJDWLRQZLWKRXUVWUDLQRI5KL]RELXP


$&.12:/('*(0(176

7KH ILQDQFLDO VXSSRUW RI WKH 5HVHDUFK
)RXQGDWLRQ RI $QDGROX 8QLYHUVLW\ LV JUDWHIXOO\
DFNQRZOHGJHG


5()(5(1&(6

>@/HH
6<

%DFWHULDO
SRO\K\GUR[\DONDQRWHV %LRWHFKQRO %LRHQJ 

>@ %\URP '   3RO\PHU V\QWKHVLV E\
PLFURRUJDQLVPV WHFKQRORJ\ DQG HFRQRPLFV
7UHQGV%LRWHFKQRO
>@ +UDEDF 2   ,QGXVWULDO SURGXFWLRQ RI
3URGXFWLRQ RI 3RO\+\GUR[\EXW\UDWH )(06
0LFURELRO5HY
>@ 7RPEROLQL 5 1XWL 03   3RO\±
K\GUR[\DONDQRDWH
ELRV\QWKHVLV
DQG
DFFXPXODWLRQ E\ GLIIHUHQW 5KL]RELXP VSHFLHV
)(060LFURELRO/HWW
>@ .DUU '% :DWHUV -. 6X]XNL ) (PHULFK
':   (Q]\PHV RI WKH 3RO\E
+\GUR[\EXW\UDWH DQG FLWULF DFLG F\FOHV RI
5KL]RELXPMDSRQLFXPEDFWHURLGV3ODQW3K\VLRO

>@ .FN & .LYDQF 0   ([WUDFHOOXODU
SRO\VDFFKDULGH SURGXFWLRQ E\ 5KL]RELXP FLFHUL
IURP7XUNH\$QDOVRIPLFURELRO
>@ 7DYHUQLHU 3 3RUWDLV -& 6DXFHGR
-(1&RXUWRLV - &RXUWRLV %%DUERWLQ -1
  ([RSRO\VDFFKDULGH DQG 3RO\

5KL]RELXPVSSVKRZHGGLIIHUHQWJURZWK
UDWHVLQWKHSUHVHQFHRIGLIIHUHQWFDUERQVRXUFHVLQ
WKH PHGLXP %RQHUVHYD HW DO >@ ZDV IRXQG WKDW
3+%V\QWKHVLVFDQEH VHOHFWLYHO\LQGXFHGHLWKHULQ
DFWLYHRUOHVVDFWLYH5KL]RELXPVWUDLQVE\VRXUFHVRI
FDUERQDQGQLWURJHQ7KH\UHSRUWHGWKDW5SKDVHROL
 ZDV D SURPLVLQJ SURGXFHU RI 3+% DQG WKH
3+% FRQWHQW LQ WKH FHOOV RI WKLV VWUDLQ ZDV XS WR
RIGU\FHOOZHLJKWGXULQJJURZWKRQDPHGLXP
ZLWK VXFURVH DQG QLWUDWH ,Q RXU VWXG\ WKH
SURGXFWLRQ RI 3+% LQ 5KL]RELXP VWUDLQV ZKLFK
SURGXFHG 3+% LQ ORZHU DPRXQWV ZDV REVHUYHG
ZKHQGLIIHUHQWQLWURJHQVRXUFHVZHUHWHVWHG:KLOH
WKH SHUFHQWDJH RI 3+% \LHOG LQ WKHVH VWUDLQV ZDV
ORZ ZLWK GLIIHUHQW QLWURJHQ VRXUFHV LQ <(0 EURWK
+RZHYHU WKH KLJKHVW 3+% DFFXPXODWLRQ ZDV
REWDLQHG ZKHQ .12 ZDV XVHG DV QLWURJHQ VRXUFH
ZLWKVWUDLQ57KH3+%FRQWHQWZDVORZHUZKHQ
1+ 62 DQG XUHD ZHUH XVHG DV WKH QLWURJHQ
VRXUFHV 7DEOH   5 FLFHUL 3+% ZHUH SURGXFHG
IURP VRGLXP QLWUDWH >@ 0HUFDQ HW DO >@
UHSRUWHG WKDW 5KL]RELXP VSS  SURGXFHG
 RI GU\ FHOO ZHLJKW LQ WKH SUHVHQFH RI /
F\VWHLQHDVDQLWURJHQVRXUFH7KHQDWXUHRIFDUERQ
DQGQLWURJHQVRXUFHVZDVDIIHFWHGE\ERWKELRPDVV
IRUPDWLRQ DQG ELRSRO\PHU SURGXFWLRQ E\ ILYH
5KL]RELXP VWUDLQV 7KH DVVLPLODWLRQ RI DPPRQLXP
QLWUDWH E\ 5 PHOLORWL KDV EHHQ UHSRUWHG SUHYLRXVO\
>@ LQGLFDWLQJ WKDW ERWK FHOO JURZWK DQG SRO\PHU
SURGXFWLRQV ZHUH ORZ LQ WKH PHGLXP ZLWK
DPPRQLXP QLWUDWH 0DQFKDN DQG :LOOLDP >@
PHQWLRQHG WKDW WKH DFFXPXODWLRQ RI 3+% LQ
$]RWREDFWHU YLQHODQGLL 8:' ZDV UHODWHG WR WKH
HQ]\PH DFWLYLWLHV RI NHWRWKLRODVH DFHWRDFHW\O
&R$DQGK\GUR[\EXW\UDWHGHK\GURJHQDVH
'LIIHUHQWDJLWDWLRQUDWHZHUHDOVRH[DPLQHGLQ
WKHSURGXFWLRQRI3+%DQGWKH\LHOGVREWDLQHGZHUH
EHWZHHQ  DQG  RI GU\ FHOO ZHLJKW 7DEOH
  7KH SURGXFWLRQ RI 3+% ZDV QRW VDWLVIDFWRU\
ZKHQWKHDJLWDWLRQZDVDSSOLHGDVDQG
USP UHVXOWLQJ LQ WKH KLJKHVW ILQDO 3+% FRQWHQW DV
IRU5KL]RELXP5VWUDLQ
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3URI'U0HULK.LYDQF
$QDGROX 8QLYHUVLW\ )DFXOW\ RI 6FLHQFH
'HSDUWPHQW RI %LRORJ\  (VNLúHKLU ±
785.(<

HPDLOPNLYDQF#DQDGROXHGXWU


















+\GUR[\EXW\UDWH &RSURGXFWLRQ LQ 7ZR
5KL]RELXP PHOLORWL 6WUDLQV $SSO(QYLURQ
0LFURELRO
>@ )RXFKHW 3-DQ 6 &RXUWROV - &RXUWROV
%)UHODW * DQG %DUERWLQ -1  
4XDQWLWDWLYH VLQJOHFHOO GHWHFWLRQ RI SRO\ 
K\GUR[\EXWXUDWH  DFFXPXODWLRQ LQ 5KL]RELXP
PHOLORWL E\ IORZ F\WRPHWU\ )(06 0LFURELRO
/HWW
>@ =HYHQKXL]HQ /370   &HOOXODU
JO\FRJHQ E  JOXFDQSRO\K\GUR[\EXW\ULF
DFLG DQG H[UDFHOOXODU SRO\VDFFKDULGHV LQ IDVW
JURZLQJ VSHFLHV RI 5KL]RELXP $QWRQLH
/HHXZHQKRHN
>@ %RQDUWVHYD *$ 0\VKNLQD 9/ DQG
=DJUHED('  3RO\+\GUR[\EXW\UDWH
FRQWHQWV LQ FHOOV YDULRXV 5KL]RELXP VSHFLHV
GXULQJ JURZWK ZLWK GLIIHUHQW FDUERQ DQG
QLWURJHQVRXUFHV0LFURELRORJ\
>@0HUFDQ1$VOÕP%<NVHNGD÷1%H\DWOÕ
<
  3URGXFWLRQ RI 3RO\
+\GUR[\EXW\UDWH 3+%  E\ 6RPH 5KL]RELXP
%DFWHULD7UN-%LRO
>@ %RQDUWVHYD *$ DQG 0\VKNLQD 9/ 
)OXRUHVFHQFH ,QWHQVLW\ RI 6WUDLQV RI 1RGXOH
%DFWHULD 5KL]RELXP PHOLORWL DQG 5KL]RELXP
SKDVHROL  'LIIHULQJ LQ $FWLYLW\ *URZQ LQ WKH
3UHVHQFH RI WKH /LSRSKLOLF 9LWDO 6WDLQ
3KRVSKLQH 5 ,QVWLWXWH RI 0LFURELRORJ\
$FDGHP\ RI 6FLHQFHV RI WKH 8665  

>@ 'RL < 7DPDNL $ .XQLRND 0 6DJR .
  3URGXFWLRQ RI ELRGHJUDGDEOH
FRSRO\HVWHU RI K\GUR[\EXW\UDWH DQG 
K\GUR[\YDOHUDWH E\ $OFDOLJHQHV HXWURSKXV
IURP EXW\ULF DQG SHQWDQRLF DFLGV $SSO
0LFURELRO%LRWHFKQRO
>@+LUDPLWVX0.R\DPD1'RL<  
3URGXFWLRQRISRO\ K\GUR[\EXW\UDWH&R
K\GUR[\EXW\UDWH E\$OFDOLJHQHVODWXV
%LRWHFKQRO/HWWHUV
>@0DQFKDN-DQG3DJH:-&RQWURORI
SRO\K\GUR[\DONDQRDWH
V\QWKHVLV
LQ
$]RWREDFWHU YLQHODQGLL VWUDLQ 8:'
0LFURELRORJ\±
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ABSTRACT

Carbonation process is caused by the
precipitation of tropical and semitropical plants
and terrestrial living organisms in freshwater
lakes and their bedding through geological
activities under pressure and temperature over
millions of years. Leonardite is a low-rank coal
produced by the sediments enriched with humic
acid created as a result of oxidation or through
filtering from humus as it does not affected by
the carbonation process under the surface
vulnerability of lignite [2].
Humus is the main compound of soil
organic material and humic acid is the most
active substance in humus. Humic acid
contributes to the growth and development of
plants by correcting the physical and chemical
properties of soil. They help increase
microorganism activities, improve hydration
and ventilation capacity and neutralize Ph value.
Humic acid may serve as a key supporter in
combating stress factors decreasing product
efficiency such as drought or saltiness and
protecting some plants growing on soils
contaminated to a certain degree from toxic
effects [3].
Humic substance is a living substance
produced during the decomposition of flora and
fauna products in the nature. Humification,
defined as transition of dead organic materials
into humic substances, is a significant natural
phenomenon.
Undergoing
a
complex
physiochemical process, humic substance
formation results in a new class or organic
compounds and supports the existence and
sustainable development of life. The absence of
humification will be replaced by one of the two
opposite processes: (I) mineralization of organic
residuals towards oxides or (II) preservation of
organic residuals without being decomposed.
Both cases will hinder the sustainment of life in
the world since humification is one of the key
processes of carbon cycle. During humification

Humic material is an alive material occuring
with decay of products of the animals and
plants. They help to arrange plants growth and
also help to set response for surronding
environmental conditions. Plants, bacteria,
fungi, and insects have a major role for
formation of humic materials. Especially beetles
decomposer bugs are one of the major
contributers of humic materials formation.
Some studies stated that beetles decomposers
play important roles in nutrient cycling for
forming new habitats for other organisms and
for being indicator species for envirenmental
health. Therefore, it is vital to increase benefits
of these species to maximize humic material
occurance in the nature. More knowledge
needed between these beetle decomposers and
their habitats. Identifying and protect of their
living habitat for humic materials becoming
even more important. In this study, direct and
indirect benefits of beetles decomposers for
humic materials were determined. The studies
about Humic materials and insects, specially in
relation with humic material and beetles
decomposers are detailed and presented.
KEYWORDS:
Humic material, saproxylic beetles

INTRODUCTION
Humic substances are macromolecular
compounds included in the natural organic
materials (NOM) class which are found in
environments such as surface waters and soil
and produced during plant deformation [1].
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intended for regulating and rehabilitating soil
properties in order to guarantee an increased
level of productivity by improving chemical and
physical conditions [6].
In Turkey plant production is challenged
by decreased productivity and quality due to
undernourishment in plants mainly in terms of
elements like phosphor, potassium, iron and
zinc as a result of insufficiency, fixation and
imbalance of plant nutritional elements besides
structural disorders, insufficient hydration, loss
due to erosion since 85% of agricultural soils
are subject to alkaline reaction with 94% poor in
terms of organic material content (75.6% - low
or very low; 18.3% medium) and 58%
calcareous. The low productivity potential of
our soils mainly accounts for the decreased
productivity and quality achieved during plant
production in our country as explained above.
This is one of the leading reasons behind the
income loss and economical incapacity of
farmers. One of the first ways to solve this
problem is to increase organic material content
and productivity of soils and this requires
extensive use of plant and animal residuals like
barnyard manure, plant residuals (stubble),
green fertilizer, composts and leonardite in our
agricultural fields. However, since it is not
possible to add sufficient levels of organic
fertilizer in all of our soils, the productivity
levels of our soils can be increased by applying
much more smaller amounts -compared to
organic fertilizers- of humic and fulvic acids, an
active fraction of organic materials and humus,
because the primary reason behind the positive
impact of organic fertilizers on soil properties is
the varying organic compounds produced during
their decomposition and degradation in soil by
microorganisms and the humus composed of
humic and fulvic acids. Increased organic
material content in soils will result in; 1Decreased soil loss due to erosion; 2-Increased
hydration in soil; 5-regulated water and air
movement in soil; and 6-Increased plant water
intake [7].
There is and will be a continuous organic
material formation and food cycle in the nature.
In order to sustain this cycle without
interruption, all living organisms within this
cycle must be protected and known. One of the
key players in the humic substance formation
during decomposition of organic materials is the
saproxylic beetle. In EU countries many studies
about saproxylic beetles have been conducted
since 90s and continue to be conducted.
Existence of these beetles is regarded as an
indicator of healthy forests. There are only a

dead organic materials are mineralized
microbiologically and converted into solids and
gases chemically. Gas products are carbon
dioxide and water under aerobic conditions
while gasses are composed of methane and
carbon dioxide in anaerobic environments.
Therefore, the dead organic substance is
converted in the carbon cycle as carbon dioxide.
Solid products of humification with residual are
humic substances or humus. Humic substances
are found commonly in soil, sea/lake sediments
and natural waters. Humic substances mainly
originate from the plant contents of lignin and
polysaccharides. Fresh humic substance starts to
form with the decomposition of dead organic
material. It is a transformation period during
which both the humic substance and non-humic
substance is formed. Thus, the humification can
be briefly considered as a slow and balanced
reaction. The driving force discovered during
studies for understanding the chemistry of
humic substances includes need to improve soil
productivity and better understand the chemical
reactions in soil, the eco-toxicological effects of
non-decomposed organic compounds and
oxidation under aerobic (composting) and
anaerobic conditions [4].
Today the humic substances produced
mainly from brown coal is used in many areas
including agriculture, pharmaceutical industry,
cosmetics, animal feeding, manufacturing and
water treatment systems.
Humic substances contained in soil
structure play a key role in a number of soil
functions with an impact on soil aggregate
formation and water infiltration by supporting
energy, nutrition and biological diversity and
biological activity [5].
As known, productivity has been the
primary and common concern for the humanity.
This is especially important in agriculture. To
this aim, various production methods are used
such as irrigation, plant protection techniques
and fertilization. Humic acid compounds can be
an example as one of the materials improving
plant growth. The importance of these
compounds comes from their ability to advance
hormonal activities. Each acting as a
communicator, they regulate plant growth and
help adapt their reaction against respective
ambiance conditions. Furthermore, providing
humic acids found in soil, turf deposits, lignite
layers, freshwater resources and leonardite
mines is the perfect way of supplying nutritional
substances, vitamins and trace elements - it can
be applied to the soil or leaves in liquid form or
in powder form by mixing in the irrigation
water. The abovementioned substances is
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agricultural fields usually includes the residues
of agricultural plants (stubble, etc.). In
grasslands the important portion of the soil
organic material is composed of grass residues
and feces of animals in the grassland. During
the degradation phase the cellulose in plant
residues are decomposed by the cellulosedecomposing phycomycetes to degrade the plant
texture. The lignin, which is decomposed slower
and more difficult, is decomposed by lignindecomposing basidiomycetes. This makes the
decomposed layer lose its textural structure until
it becomes impossible to identify from which
plant section it is, and the new formation turn
into humus characterized as amorphous and
colloidal. Carbohydrates become hydrolyzed
and transform into peptides or amino acids
while aromatic substances and lignin turn into
simple phenols as a result of hydrolysis or
oxidation. All these decomposition and new
formation processes take place thanks to the
secretion (yeast, etc.) of soil microorganisms
[8].
Recently, additional evidence has been
found relating to humic substance formation in
the bowels of invertebrates. This evidence was
collected by using transmission electron
microscope. The evidence suggests that humic
substances are formed as a result of the
humidification during waste transition of
Worms and Columbella [9].
Frouz et al. (2011) demonstrated in their
laboratory trials that the larva of Bibio marci, a
type of invertebrate fly, and Aporrectodea
caliginos, a worm species, involve in the
decomposition of organic materials and
synthesis of humic substances in trials with 14
C-labeled phenol and protein. Here phenol and
protein were used as control materials[10].

few studies about the saproxylic beetles in our
country.
This study highlights the contribution of
living organisms, beetles and especially the
saproxylic beetles in humic substance formation
and provides information about the roles of
saproxylic beetles in the ecosystem by
discussing the existing studies on this subject.

MATERIAL AND METHOD
Particularly the library databases, many
websites, books and various articles were
screened in order to explore the contribution of
beetles in humic substance formation. Then data
collected from these resources were combined.
The data obtained was evaluated under the
topics of contribution of living organisms in
humic substance formation, contribution of
beetles in humic substance formation and
contribution of saproxylic beetles in humic
substance formation.

RESULTS AND DISCUSSION
Data obtained during this study was
examined and presented under six topics.
Contribution of living organism in
humic substance formation. Humic substances
originate from the plant contents of lignin and
polysaccharides. Fresh humic substance starts to
form with the decomposition of dead organic
material. This is a slow and continuous process.
There is a transformation period during which
both the humic substance and non-humic
substance is formed. Thus, the humification is
briefly considered as a slow and balanced
reaction [4].
The organic material of soil is composed
of residuals of plants growing on the soil and
organisms living inside the soil. In the forest the
majority of the organic materials includes tree
leaves, fruits and seeds, cones, etc. as well as
organs, peels and branches of trees. The
residuals from animals and plants within the
forest or on the forest soil join this organic
material. Organic material residues cover the
surface of soil like a dead veil. The
decomposition of this dead veil, products of this
decomposition or their mixture in to the soil in
the form of humus have a positive impact on the
physical and chemical properties of soil with
significant effect also on the nourishment and
growth of plants. The organic material of soil in

Contribution of beetles in humic
substance formation. We need to study beetles
for many reasons. They have a wide range of
ecologies. They constitute the majority of the
food chain and network with their volume and
number. They demonstrate various nutritional
trends and include species such as the
herbivores an saprophytes living on remainders,
degraded material, living or dead trees, grass,
aquatic organisms as well as predators or
parasites. Insects are necessary for the
ecosystems in question;
x food cycle e.g. leave deterioration,
wood decomposition, fungi propagation, rotten
carrion and completion of soil cycle;
x effective
in
plant
propagation
(especially in pollen and seed propagation);
x phytophages and those feeding on
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activities to create a living environment for
other organisms [15].

seeds contributing to the protection of plant
composition and structure;
x food formation for birds, mammals,
reptiles and fish.
Some insect types create a crowded
population and disorders take place in case of
their absence. These species are called the key
type (keystone type and the critical ecological
function collapses in their absence. For instance,
the termites are responsible from the
transformation of cellulose and big disorders
occur n their absence [11].

Indirect contribution of saproxylic
beetles in humic substance formation.
Saproxylic beetles serve as a keystone in humic
substance formation and recovery. The
extinction of these species in the ecosystem may
cause the collapse of the ecosystem. For
example, if insects ensuring pollination become
extinct as a result of chemical disinfection,
blossoming plants and trees cannot reproduce.
Therefore, other organisms will be affected one
by one resulting in a damages ecosystem.
A tree in a forest will attract some special
species even when it is about to die. For
example, around 115 species of the members of
Syrphidae family are saproxylic which means
they are addicted to rotten or decaying wood.
However they are found mostly in dying trees
rather than dead ones. Old trees, on the other
hand, are living spaces or nests for some species
such as Ciconia nigra. When a tree has just
died, it attracts organisms like fungi and
bacteria to decompose the rigid lignin layer
protecting the tree. Such organisms transform
the heartwood by cracking the rigid outer
surface of the tree and have other consumers
involve in the process by uncovering the hidden
resources inside the tree. Then various species
of animals and plants arrive in the area,
including mainly insects feeding on processed
organic materials [16].
The wood type and 600 fungi species, if
applicable, and around 1350 types of insects
contribute to the mineralization of wood during
the decaying process of dead wood. As the
insects cannot directly benefit from the wood
due to the cellulose and lignin in the dead tree,
the fungi are first to settle in the dead tree.
Many fungi find the dead tree as their best
living environments. Fungi also destroy the
resin and toxic materials formed on the tree's
trunk as a protective mechanism against pests,
facilitating a better environment for the insects.
The biggest contributor to the mineralization
(decomposition and mixing into soil) of wood is
the fungi. Fungi and likens settled on the dead
tree produce semi-antibiotic substances. These
substances prevent various organisms while
promoting some others. The tree trunk full of
fungi micelle increases the water and nitrogen
content by 1.5 times. Sugar, starch and protein
mix in the soil to be utilized by microorganisms
[17].
As can be inferred from the above,
dead trees offer a living space to many
endangered species. They also serve as a living

Contribution of saproxylic beetles in
humic substance formation. The role of
saproxylic beetles in the ecosystem. The
saproxylic organisms have a particularly
significant role in humus formation within the
material cycle in forests. Saproxylic beetles are
not a taxonomic group but they represent the
most important community within this group
[12].
Saproxylic beetles have a great role in the
decomposition process and food cycle in the
nature. Many of them involve also in the
pollination process and they are associated with
other saproxylic organisms with critical roles in
the ecosystem such as acarina, nematodes,
bacteria and fungi. Beetles carry and propagate
such organisms.
The studies in Japan are discovered that
female Lucanidae, a saproxylic beetle, has a
pouch called mycangium on their belly where
they carry the bacteria and fungi responsible for
decomposition. It is known that Ambrossia
(wood driller) insects drill wood and seed the
fungal spores in their body into these galleries
with which they feed themselves on [13].
The role of saproxylic beetles in forests.
Alexander (2008) rejected his argument in the
work "Saproxylic beetles and their preservation"
(Council of Europe, 1989) published by Martin
Speight in 1989 that Saproxylic beetles are
important only for dead or dying or trees and
suggested that saproxylic organisms are needed
primarily by the living, healthy trees and it
would be more appropriate to use the term
saproxylic beetles -with a greater role- instead
of saproxylic organisms [14].
Many saproxylic beetles help formation of
nutritional materials like nitrogen through their
activities inside the hollows of old trees and
support other organisms in need to feed on this
nutrition. Buse et al. (2007) founded in a study
that an endangered insect called Cerambyx
cerdo works as a ecosystem architect with its
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b-Ensure some trees or tree residuals
which have lost their vitality for some reason
are left in the forest;
c-Avoid cutting all trees as part of
rejuvenation efforts and leave small stand pieces
or habitats behind (key habitats, habitat
corridors);
d- Prevent many natural ecosystems from
division or decomposition due to reasons such
as unplanned settlement and land utilization or
excess utilization and consumption;
e- Make sure forests are ecologic when
developing forest development plans, identify
and consider endangered species.

space for many endangered insects included in
the red list. Thus, forestry activities and nature
preservation work tend to leave more dead trees
in the forest [18].
What to do to increase contribution of
saproxylic beetles in humic substance
formation? Saproxylic beetles depend on old
forests and old trees as well as on dried and
dead trees in forests. Today saproxylic beetles
are threatened by extinction or decrease in
number as old forests are cut down and no
broken, overturned trees are left due to clean
forest operations. "Another life begins as a tree
dies."
This
may
sound
paradoxical
(meaningless, weird, nonsense) but it is true for
the forest ecosystem. In the life cycle many
insects, birds, fungi and likens depend partly or
fully on dead trees [19]. To this aim, old forest
must be preserved by leaving certain number of
dead trees and hollow trees.
In order to increase the contribution of
saproxylic beetles in humic substance
formation, old trees, dry, dead or overturned
trees n forest must be partly preserved. This is
supported by many studies [20], [21]. The
Scandinavian forestry recommends leaving 5-10
trees per hectare [22].
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METAL FRACTIONATION USING THE BCR
SEQUENTIAL EXTRACTION PROCEDURE WITH REGARD
TO CARPARK DUST SAMPLES FROM SAKARYA, TURKEY
Huseyin Altundag, Secil Doganci, Mustafa S. Dundar, Esra Altintig
Sakarya University, Faculty of Arts & Sciences, Department of Chemistry,54187 Sakarya, Turkey

[5]. Trace metals in the atmosphere may be present
in the form of dust particles. The mobilizations of
toxic heavy metals have led to the increase in their
concentrations in the environment [6-8]. The
investigation of the metal contents of carpark dust
samples is crucial for tracking heavy metal
pollution originating from traffic, especially lead,
and more recently, platinum group elements used in
catalytic convertors for the purpose of reducing the
pollutants coming from automobile emissions
[9,10].
Heavy metals distributed in the air through the
use of fireworks, car exhaust emissions and
industrial applications can be responsible for
polluting the environment [10]. Air pollution is one
of the most serious issues with regard to the
environment due to its harmful effects on health
[11]. The determination of the µWRWDO¶KHDY\PHWDOV
in dust samples gives us a very confined knowledge
about the level of pollution. The mobility,
bioavailability and toxicity of heavy metals rely on
their specific chemical forms and their interactions
with different soil and dust components [10, 12].
Heavy metal speciation in environmental media
using the BCR technique offers a realistic forecast
of actual environmental impact [13,14]. Solubility
speciation analysis the sequential extraction
technique is used to classify pollutants with regard
to their solubility in different solvents [15,16].
The aim of this study was to explain the
sequential extraction procedure proposed by the
European Standard, Measurements and Testing
(SM&T) program, formerly the Community Bureau
of Reference. For this purpose, many studies have
been carried out for fractionating the metals in
various environmental samples such as soil,
sediment and street dust [17-20]. The BCR
sequential extraction procedure is a widely used
extraction technique with regard to heavy metals in
dust and soil samples [21, 22]. The most common
methods used for the determination of heavy metals
in environmental and biological samples involve
highly sensitive spectroscopic techniques, for
example flame atomic absorption spectroscopy
(FAAS) [23], inductively coupled plasma-optical
emission spectrometry (ICP-OES) and mass

ABSTRACT
In practice, the BCR procedure has three
extraction steps; the aim of the fourth step is
comparison. That is, it acts as an internal check on
the procedure. Specifically, the residue from step 3
was digested with aqua regia, and the total amount
of metal extracted (i.e., the sum of step 1 + step 2 +
step 3 + residue) was compared with that obtained
by the aqua regia reaction with separate 1-g sample
of the sediment. The availability of Cr, Cu, Fe, Mn,
Pb and Zn with regard to car park dust samples
collected from campus area of Sakarya University,
Sakarya, Turkey between May and September 2009
were investigated using this four-step BCR
sequential extraction procedure. Six elements from
five stations (S1±S5) were analyzed using flame
AAS to obtain the metal distribution patterns in this
area. In order to evaluate the reproducibility and
accuracy of the method, a certified reference
material (BCR-701) was subjected to the BCR
protocol. The outcome of the BCR sequential
extraction stages (the first three fractions) was: Mn
(87%) > Cu (75%) > Zn (73%) > Pb (52%) > Cr
(45%) > Fe (41%). The results confirm that the
sampling area was mainly influenced by the
presence of traffic and natural sources. For example
Cu, Pb and Zn were found. These are metals
potentially toxic human beings and originate from
traffic. The results show a good agreement with the
reported values in the literature between the
obtained and the certified values with regard to for
the metals analyzed. The results indicated low risk
conditions in the selected stations (S1±S5).
KEYWORDS:
BCR sequential extraction, metal, dust, AAS, Turkey

INTRODUCTION
Element speciation is vital to the
understanding of the elemental properties at trace
levels in water, air, dust, soil and sediment [1-4].
Trace metal analyses in environmental samples are
very significant for monitoring health conditions
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TABLE 1
Instrumental and experimental parameters for the various elements measured.
Elements

Conditions
Cr

Cu

Fe

Mn

Pb

Zn

357.9

324.8

248.3

279.6

283.3

213.9

Lamp current (mA)

10

10

10

10

10

7

Slit width / nm

0.5

0.5

0.2

0.2

0.5

0.5

Gas Flow Rate (L min-1)

2.8

1.8

2.2

2.0

2.0

2.0

Wavelength (nm)

Merck (Darmstadt, Germany). Standard solutions
were aspirated into the flame using the nebulizer
and the elemental concentrations were recorded
using FAAS instrument for calibration purposes.
All glassware and polyethylene bottles were kept
overnight and cleaned by soaking in 10% HNO3,
and rinsed five times with distilled deionized water
prior to use. Three measurements were made for
each digest. Blanks were prepared in the same way
as the sample, but omitting the sample.

spectrometry (ICP-MS) [24,25]. The aim of this
study was to explain to the amount of extractable
heavy metals released at each step by using a BCR
that has three extraction steps for dust samples
collected from the carparks of Sakarya University,
Turkey. The BCR extraction procedure [26] was
used to determine the fractionation of heavy metals,
as operationally defined exchangeable and acid
soluble, bound to Fe-Mn oxides, bound to organic
matter and sulphides, and residual fractions, in five
sampling sites. Dust samples were analyzed for Cr,
Cu, Fe, Mn, Pb and Zn using the flame AAS
technique.

The analyses of CRM. Standard Reference
Material was used to certify the experimental
results obtained, and to evaluate the reliability of
the method used [26]. There is only one sample of
CRM. Blank digestion was also carried out by the
completion of the full analytical procedure without
a sample. Three measurements were made for each
digested sample (three replicates to ensure the
reliability of the results) by flame atomic absorption
spectrometry. The results are given in Table 2.

EXPERIMENTAL
Instruments. The determination of Cr, Cu,
Fe, Mn, Pb and Zn concentrations were carried out
using a Shimadzu AA-6701F flame atomic
absorption spectrometer (Shimadzu Corp., Kyoto,
Japan). A Schoot CG 840 pH meter (Schott AG,
Mainz, Germany) was employed for pH
measurement. The instrumental parameters used for
each element are shown in Table 1. A centrifuge
(Nuve NF 400, NuYH$ù$QNDUD7XUNH\ IRUthe
complete separation of the extract from the residue,
a Clifton shaker of an end-over-end type, and an
electrical heater, were used throughout the
experiments.
Reagents and solutions. Distilled deionized
ultra-high qXDOLW\ZDWHU UHVLVWLYLW\0ȍFPDW
25 °C, Millipore, Bedford, MA, USA) was used
throughout the experiments. All the chemicals used
were of analytical reagent grade, and obtained from

Sampling and Analysis. A total of 40 car
park dust samples from 5 different sites (8 samples
from each site) were collected from campus area
car parks of Sakarya University, Sakarya, Turkey
between May and September 2009. In the
laboratory, all the samples were air-dried, ground
using a mortar and pestle and passed through a
sieve having a 230 mesh size (63 μm) [10]. They
were stored in clean polyethylene bags in a
desiccator until the analysis. The total elemental
content of the car park dust samples was
determined using the

TABLE 2
Determined and reference values of extractable trace metals on [27], (μg g-1± RSD %), N=4
FRACTIONS
F1

F2

Determined

Certified

Rec. %

Cr
Cu

2.18±0.12
47.6±0.1

2.26±0.16
49.3±1.7

Pb

3.07±0.23

Zn

195±0

F3

Determined

Certified

Rec. %

96.5
96.6

48.8±0.8
122±0

45.7±2.0
124±3

106.8
98.8

3.18±0.21

96.5

124±2

126±3

98.3

8.2±2.2

9.3±2.0

88.2

205±6

95.3

112±3

114±5

97.8

41.4±1.2

45.7±4.0

90.6

Note: Certified values for Fe and Mn not available.
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1.0 g of dust sample shaking for 16 h with 0.11
mol L-1 acetic acid at 200 rpm. After shaking,
solution centrifuged at 4000 rpm for 15 min.

Supernatant

Fraction 1:
Exchangeable +
acid-and watersoluble



ZĞƐŝĚƵĞ
Shaking for 16 h with 0.5 mol L-1
hydroxilammonium chloride, pH = 2 at 200
rpm. After shaking, solution centrifuged at
4000 rpm for 15 min.

Supernatant

Fraction 2:
Reducible

Supernatant

Fraction 3:
Oxidisable


ZĞƐŝĚƵĞ
Digestion with H2O2 at room temperature.
Evaporation, re-digestion and evaporation, then
shaking for 16 h with 1.0 mol L-1 ammonium
acetate at 200 rpm. After shaking, solution
centrifuged at 4000 rpm for 15 min.


ZĞƐŝĚƵĞ
Digestion with Aqua Regia, evaporation,
redirections, re-evaporation, and finally
filtration with blue ribbon filter paper.

Supernatant

Pseudototal:
Residual

FIGURE 1
A three-step BCR sequential extraction procedure [22]
UHFRYHU\YDOXHV   ZHUHLQYHVWLJDWHGXVLQJµWRWDO¶
metal analysis in order to check the accuracy of the
sequential extraction procedure used in the analysis
of the car park dust samples. The pseudo-total
metal analysis was performed with 1.0 g (0.9971.009 g) of dust samples using aqua regia as the
digestion solution [9, 10]. Dried dust samples
(105°C) were transferred to digestion glass tubes
and mixed with 12 mL of aqua regia solution.
Digestion was carried out at 140 °C for 2 h on a hot
plate. After cooling the digested sample solutions
were transferred to volumetric flasks and made up
to 25 mL with ultrapure water.
No significant differences (p<0.05) were
observed between the aqua - regia mixture and the
sum of extracted metals following the sequential
extraction procedure. The pH values of the dust
samples collected from the five locations

flame AAS method [27] after digestion with
aqua regia solution. Moreover, a three-stage BCR
technique [22] was applied to the car park dust
samples as is summarized in Figure 1. This BCR
procedure gives a summary of the method for
extracting the metals being investigated in four
fractions representing: (1) exchangeable; (2)
reducible; (3) oxidizable; (4) residual fractions.

RESULTS AND DISCUSSION
The relative standard deviations of the
determinations were less than 10%. 6WXGHQW¶VW-test
was employed to estimate the significance of the
values obtained. The whole data were subjected to a
statistical analysis and correlation matrices were
produced to examine the inter-relationships
between the trace metal concentrations. The

2766


Volume 25 ± No. 4/2016, pages xxx-xxx

© by PSP

Fresenius Environmental Bulletin




TABLE 3
Comparative results of analyses of the direct aqua regia and sequential extraction procedure on the dust
samples (mean± standard deviation), N=3
Elements
Cr
Cu
Fe
Mn
Pb
Zn

Dust mass (g)
0.998
1.003
1.009
1.002
1.007
0.997

JJ-1
27.7±2.2
15.0±1.2
491±6
75.5±3.3
27.2±2.2
22.6±1.9

Aqua Regia, μg
28.2±1.1
14.8±0.3
481±7
73.3±5.5
27.5±2.0
22.2±1.9

&

Recovery%
98.1±1.4
101.1±0.7
102.0±1.8
103.0±0.7
99.1±0.4
101.8±2.7

*& Recovery % = [(F1+F2+F3+residue) / Aqua regia] x 100

elemental extraction by the sequential extraction
were between 98.1% and 103.0%. Comparison of
the pseudo-total elemental concentration and the
sequential extraction results are given in Table 3.
In this study, the results of heavy metal
partitioning in car park dust samples were analyzed
using the three-stage sequential extraction
procedure. As can be seen in Table 4, Cr, Fe and Pb
are found to be higher in the residual (F4) fraction
than in other fractions (Figure 2). The degradation
of organic matter under oxidizing conditions is
responsible for releasing trace metals [28]. The
fractionations of heavy metals studied in car park
dust samples are shown in Table 4.

were observed to be in the range of 7.23-8.39. To
ensure the accuracy of the method described in this
study, BCR-701 was used to verify the accuracy of
the sequential extraction method. The recovery
rates for heavy metals in the standard reference
material were obtained at between 88.2% and
98.5% (Table 2). The results showed a good
agreement between the obtained and the certified
values for the metals analyzed.
Comparison of the sum of the metal
concentrations in the sequential extraction steps
with this pseudo-total metal concentration showed a
good agreement for Cr, Cu, Fe, Mn, Pb and Zn.
&RPSDUHG ZLWK WKH µWRWDO¶ HOHPHQWDO FRQWHQW WKH

TABLE 4
Relative amount of metals extracted from car park dust samples at each fraction of the sequential
extraction (μg g-1) (Mean ± RSD).
FRACTIONS

Elements



F1

F2

Mean±RSD
%

Ratio
of
µWRWDO¶
%

Mean±RSD
%

Ratio
of
µWRWDO¶
%

Mean±RSD
%

Ratio
of
µWRWDO¶
%

Mean±RSD
%

The average
and relative
concentratio
ns of metals

Mean±RSD%

Pb

3.23±0.12

11.9

6.91±0.11

25.4

4.07±0.13

14.9

13.0±0.1

47.8

27.2±0.2

Cu

2.75±0.11

18.4

5.08±0.11

33.9

3.33±0.14

22.3

3.79±0.14

25.3

15.0±0.3

Mn

20.4±0.1

34.7

26.1 ±0.1

44.5

4.66±0.15

7.93

7.59±0.14

12.9

58.8±0.3

Cr

3.72±0.12

13.4

4.61±0.12

16.7

4.19±0.13

15.1

15.2±0.2

54.8

27.7±0.3

Zn

4.29±0.12

18.9

8.76±0.12

38.6

3.60±0.15

15.9

6.02±0.15

26.6

22.7±0.3

Fe

7.73±0.12

1.58

127±0

25.9

65.8±0.2

13.4

291±0

59.2

491±0.3

a: This is not a step of BCR protocol.
Fraction 1
: Exchangeable + acid-and water-soluble;
Fraction 2
: Reducible
Fraction 3
: Oxidisable
Pseudototal
: Residual
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TABLE 5
Comparison of this study with other studies published in the literature based on dust sample heavy metal
content as μg g-1
Elements

LDC2
(8.75108.72

LDC3
(8.42-565.73)
153.48

HDC1
(6.3746.00

HDC2
(7.4043.16

HDC3
(5.4541.56

Kayseri,
KCD
Remote
(17.7(22374.7
554.8

Pb

Range
Mean

LDC1
(11.8222.134

Cu

Range
Mean

(7.3543.22

(3.4022.22

4.07-139.40)
46.76

(2.1018.42

(1.9765.22)
22.49

(2.2526.45

(8.727.8

Zn

Range
Mean

(29.90 498.29

(18.22197.49

(18.15932.53)
332.78

(7.75114.89

(14.23124.64

(10.52115.12

Fe

Range
Mean

n.a.
n.a.

±
±

±
±

±
±

±
±

Cr

Range
Mean

±

±

±

±

±

Mn

Range
Mean

±
±

±
±

±
±

±
±

±
±

Main
(259-1385)
917.8

27.21

±
±

±
±

14.96

(37.6105.0

(24.6125.1

(73.3186.5

22.67

±
±

(0.941.22

±
±

±
±

490.73

±

(8.215.8

(13.369

(26-350)
145.5

27.67

(159208.0

±
±

±
±

58.80

±
±

SCD

(n.a. = data not available)
HDC1, HDC2, HDC3, Hong Kong car park dust sizes: 0-125 μm, 125-250 μm, 250-500 μm, respectively;
LDC1, LDC2, LDC3, London car park dust sizes: 0-125 μm, 125-250 μm, 250-500 μm, respectively;
KCD, Kayseri car park dust sizes: 74 μm; SCD, Sakarya car park dust sizes: 63 μm.
Similar results have been reported in the literature
(Table 5).
Cu is known to be vital for many biological
systems [27, 31]. Cu forms part of at least 13
different enzymes and its presence is essential for
each if they are to function properly [32]. Cu is
partitioned 33.96% in the Fe-Mn oxides phase,
25.3% in the residual fraction, 22.3% in the
oxidizable fraction and 18.4 % in the bound to
exchangeable see above and carbonates. In the car
park dust examined in the present study, the first
three fractions contain over 74.6% of the total Cu.
This may not be a problem for the environment and
for human health. Cu values in car park dust
samples have been reported in the range of 7-117
μg g-1 [29] and, 8.7-47.8 μg g-1 [10], respectively.
Similar results have been reported in the literature
(Table 5).
Fe is believed to be the tenth most abundant
element in the universe. Also, Fe is essential to
most living things, from micro-organisms to
KXPDQ¶V beings [33]. Fe is partitioned 59.2% in the
residual fraction, 26% in the Fe-Mn oxides phase,
13.4% in the oxidizable fraction and 1.58% in the
bound to exchangeable and carbonates. In car park
dusts, the first three fractions contain over 42% of
the total Fe. Fe values in car park dust samples have
been reported (Table 5) in the range of 0.9-1.4%,
[10].

Among the metals studied, Fe and Mn were
extracted predominantly in the first step of the
sequential extraction (Table 4) (5.9-10.6 and 17.126.9 μg g-1). Cu and Pb (2.2-3.3 and 3.1-3.5 μg g-1,
respectively) were present as acid exchangeable
species in all the dust samples collected from the
five stations in the campus area car parks. The ratio
RI WKH PHWDOV DV FRPSDUHG WR WKH µWRWDO¶
concentrations in the acid-soluble fraction was in
the following order: Mn>Zn>Cu>Cr>Pb>Fe. All
elements in the car park dust samples were
extracted from reducible phase, and account for the
range of 3.5-5.9, 4.2-8.0, 102.8-143.3, 18.0-36.4,
6.6-7.4 and 7.5-10.8 μg g-1 for Cr, Cu, Fe, Mn, Pb
and Zn respectively. The average result is shown in
Table 4.
Comparison of the Sakarya car park dust study
with other studies published in the literature based
on their heavy metal contents as μg g-1 are shown in
Table 5.
Cr is partitioned 54.8% in the residual
fraction, 16.7% in the Fe-Mn oxides phase, 15.1%
oxidizable fraction and 13.4% in the bound to
exchangeable and carbonates. In the car park dusts,
the first three fractions contained over 45.2% of the
total Cr. Cr values in car park dust samples have
been reported in the range of 8.2-19.8 and μg g-1
[10], 13.3-210.0 μg g-1 [29, 30], respectively.
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FIGURE 2
Percentage of Pb, Cu, Mn, Cr, Zn and Fe removed in each step of the sequential extraction procedure for
car park dust samples at Sakarya, Turkey
proportion of Zn was found in the second and
fourth extraction fractions (up to 65%) in the
samples examined.
The mobility sequence based on the sum of
the first three fractions stages was the based on %
ratios:
Mn > Cu > Zn > Pb > Cr > Fe
The mobility sequence based on the sum of
the BCR sequential extraction stages (sum of
F1+F2+F3):
Mn > Zn > Cu > Cr > Pb > Fe for F1
Mn > Zn > Cu > Fe > Pb > Cr for F2
Cu > Zn > Cr > Pb > Fe > Mn for F3

Mn exists both in structure of some enzymes
and is active in some enzymes [32]. Mn was
identified the most common element as it had the
Fe-Mn oxides phase, accounting for 44.5% of the
total Mn. Mn is partitioned 34.7% in the bound to
exchangeable and carbonates, 12.9% in the residual
fraction and 7.9% oxidizable fraction (Table 4 and
Figure 2). In the car park dusts of the present study,
the first three fractions contain over 87.1 % of the
total Mn (Table 4). These results are in accordance
with those presented in the literature (Table 5) for
the partitioning of Mn (using the BCR procedure)
in contaminated car park dust [10]. Mn values in
car park dust samples have been reported in the
range of 159-283 μg g-1 [10]. These findings show
that considerable amounts of this metal can be
released from the acid soluble fraction of the park
dust in water if the pH drops.
Pb is the most abundant of the heavy metals in
the Earth's crust [31]. It has been used since
prehistoric times, and has become widely
distributed and mobilized in the environment [34].
In the present study, Pb is partitioned 47.8% in the
residual fraction, 25.4% in Fe-Mn oxides phase,
15% in the oxidizable fraction and 11.9% in the
bound to exchangeable and carbonates. In car park
dust, the first three fractions contain over 52.2% of
the total Pb. Pb values in car park dust samples
have been reported in the range of 11.8-748.1 μg g-1
[29], 18-140 μg g-1 [10], and 223-913 μg g-1 [35],
respectively (Table 5).
Zn deficiency occurs in individuals and
populations whose diets are low in sources of
readily bioavailable Zn such as red meat, and high
in unrefined cereals that are rich in phytate and
dietary fibers [1,2]. In the present study, Zn is
partitioned 38.64% in the Fe-Mn oxides phase,
26.6% in the residual fraction, 18.9% in the bound
to exchangeable and carbonates, and 16% in the
oxidizable fraction. In car park dust, the first three
fractions contain over 73.4% of the total Zn. Zinc
values in car park dust samples have been reported
in the range of 30-1751 μg g-1 [26], 38-193 μg g-1
[7], and 25-317 μg g-1 [32], respectively (Table 5).
The experimental results showed that the largest

CONCLUSIONS
This study made of car park dust samples from
Sakarya University, Turkey, revealed an
accumulation of Cu, Cr, Fe, Mn, Pb and Zn.
Typical soil contents for these metals are as
follow:
Cu (5-80), Cr (10-200), Fe (0.5-10%), Mn
(200-2000), Pb (2-20), and Zn (20-300) μg g-1. The
method used was found to be both repeatable and
sufficiently accurate for environmental monitoring
purposes. The applications of sequential extraction
methods to environmental samples provide relevant
information about possible toxicity when particular
chemicals are discharged into the environment. In
further work, it is thought not only to investigate
the relationship between particle size distribution
and the chemical composition of street dust using
the BCR sequential extraction method, but also to
identify the sources of such pollution according to
particle size. The method of sequential extraction
can be used in further studies the analysis of
various environmental samples such as soil, street
dust, airborne particulate and bottom sediments.
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VEGETATION DEVELOPMENT IN DAM RESERVOIR WITH
SEPARATED INLET ZONE - STARE MIASTO (CENTRAL
POLAND) RESERVOIR AS A CASE STUDY
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structure. Most substantial changes concern the
hydraulic conditions, water velocity, depths, and
intensity of sediment transport along the
watercourse [1, 2, 3]. Variations in the channel
capacity can be detected on the basis of the
hydrologic regime indicators, e.g. inundation
frequency and duration [4, 5, 6]. Moreover, flow
modifications cause changes in water quality in the
river, in the littoral zone and the interior part of the
reservoir [7, 8, 9, 10]. The size of area affected
depends on the reservoir location and its
dimensions [11].
Reservoirs demonstrate a lot of features
distinguishing them from natural lakes. They differ
from lakes by the asymmetry of the bowl, which is
the deepest at the dam front and shallowest on an
inlet, they are characterised by a different ratio of
the catchment area to the water surface, a shorter
water retention time, frequent changes in water
level and lower content of organic compounds in
bottom sediments [10, 12, 13]. The ecosystem
created by the impounding reservoir should be
treated as a creative secondary succession which
results in formation of a specific place ultimately
different than the original one. Initiation of a new
system triggers a chain of reactions aiming at
maintaining the matter cycle and flow of energy
[13]. Due to their specific structure and different
influence of abiotic factors, the reservoirs are
characterised by different rates and directions of
succession [12].
Building dams strongly affects the habitat
conditions of aquatic plants and animals [6, 7, 12,
14, 15, 16, 17, 18]. These changes include (1)
fragmentation of habitats, (2) decrease in
biodiversity in riverside, (3) decrease in abundance
of native species and (4) appearance of new
species. Construction of the reservoir influences
also total biomass of plants in the river downstream
of the dam and its temporal variability [12]. The
impact of the river damming on the river vegetation

ABSTRACT
Environmental factors affecting vegetation
development in the newly constructed lowland
reservoir Stare Miasto located in the central part of
Poland, were determined. The reservoir is divided
into two parts and the majority of sediments are
deposited in the upper part. The vegetation in both
parts of the reservoir was surveyed. Moreover,
extensive
environmental
dataset,
including
hydraulic and hydrological parameters, physical
and chemical features of water and sediment grain
size, was completed. The influence of various
abiotic factors on littoral vegetation, including both
submerged and emerged macrophytes, was
analysed. We have found that zones of the reservoir
had different hydraulic and hydrological conditions,
different water quality and various sediment
transport intensity. The botanical survey showed
that the vegetation was very abundant and strongly
differentiated. More diverse and abundant
vegetation was detected in the upper zone. The
downstream zone showed lower abundance of
vegetation cover and lower biodiversity. The
specific construction of the reservoir and regular
water management were found the reasons for
water vegetation diversity. More stable conditions
in the upper zone, such as constant water level and
lower depth, increased the diversity of vegetation
and stimulated its abundance.
KEYWORDS:
lowland reservoir, succession of species, biodiversity,
abiotic factors

INTRODUCTION
The construction of a dam on a river
considerably
transforms
the
environment
downstream as well as upstream of the hydro2772
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was the subject of many studies but specific biogeomorphological
relations
between
the
hydrological regime and sediment transport on the
development of macrophytes still raise much
concern [19].
The growth of water plants in the reservoir is
spatially and temporally diverse. It depends on
many environmental factors. In natural lakes the
key factors impacting the growth of vegetation in
the littoral zone are morphological measures of
bowl (area, depth, slope and exposition of the
banks), age, water transparency, nutrient
availability, ice phenomena in the lake and banks
erosion [20, 21, 22]. In the reservoirs in which the
headwater is regulated, the conditions are different
[23]. When the reservoir is built, the development
of species such as algae, zooplankton, plants, fish,
birds and mammals, can go in different directions
[18]. Their development can be very slow but
sometimes favourable conditions for the littoral
vegetation grow can occur in some parts of
reservoirs more sheltered from mechanical stress.
At such sites the littoral vegetation may cover large
parts of the eulittoral zone, whereas the vegetation
can be very scarce on areas delimited by the
seasonal maximum and minimum water levels [24].
The vegetation development can be strongly
influenced by water management but this problem
has not been investigated much [23].
The aim of this study is to identify the abiotic
factors determining the directions and rate of
aquatic vegetation development in various parts of
reservoirs with a separated zone for sediment
deposition. Our analysis is based on the case study
of Stare Miasto reservoir which is a lowland aquatic
body in the central Poland. The habitat conditions
in the reservoir are extensively described and
moreover the impact of damming on the hydraulic
and hydrological conditions of the reservoir
tributary is presented. The development of the
submerged and emerged macrophytes is analysed.

STUDY SITE DESCRIPTION
The Stare Miasto reservoir is located in the
Powa river watershed in the central part of Poland.
The Powa river is the third-order river and its
length is 48.2 km. Its catchment area has a rural
character, with agricultural land occupying 68.0%
of the area, while 27.6% is occupied by forests. The
share of the other land use types is marginal: only
3.1% is taken by urban areas, 0.7% by wetlands and
0.6% by surface waters. The entire watershed area
of this river is 344.6 km2, in which the watershed of
Stare Miasto covers 299.7 km2.
The reservoir was built in 2006. The Stare
Miasto reservoir is a multipurpose reservoir
designed for flood control, irrigation, recreation and
flow augmentation. Since 2013 it has been also
used for hydroelectric power generation. The area
of inundation during normal conditions is 90.7 ha
and its length is 4.5 km. The depth of the reservoir
varies from 1.2 m in the upper part to 5.7 m near
the main dam. The total storage capacity of the
reservoir is 2.159 u 106 m3, but its effective water
storage is 1.216 u 106 m3. The water surface level
elevation in the main part of reservoir varies from
the minimum elevation of 92.70 m a.s.l. to
94.00 m a.s.l.. Normal water level is 93.50 m a.s.l..
For such conditions the depths are varying from 1.0
to about 4.0 meters in the main part. The average
depth is 2.4 meter. In the initial part a constant
water level of 93.50 m a.s.l. is kept. The maximum
depth in this part is observed close to the internal
dam and it is equal to about 1.5 meter. The Stare
Miasto reservoir is divided into the main and upper
parts by a dam (Fig. 1).

FIGURE 1
Study site location
2773



© by PSP

Volume 25 ± No. 8/2016, pages 2772-2783

Fresenius Environmental Bulletin


homogenous and uniform vegetation) taking
into consideration both emergent and submerged
plants. Observations of aquatic vegetation were
performed along 30-m-wide belt transects, set
perpendicular to the shoreline. The length of
transects covered the entire vegetated area from the
bank shore to the outer limit of macrophyte growth.
Therefore all macrophytes growing in the reservoir
are recorded, including submerged, floating and
emergent plants (at least rooted in the water). The
distribution of ten transects (five in each part of the
reservoir) is illustrated in Fig. 1. Macrophyte
abundance estimates were made using a seven point
abundance scale [25].
The botanical survey allowed us to estimate
qualitative and quantitative share of the main types
of vegetation in the reservoir. On the basis of the
records we could calculate several botanical metrics
such as [3]: total vegetated area (N), colonisation
index (Z) reflecting macrophyte abundance, Shanon
diversity index H [26] and maximum diversity
index Hmax. Moreover, on the basis of the
macrophyte survey, the Ecological State
Macrophyte Index was calculated according to the
following formula [3]:

The area of the upper part is 27 ha and the capacity
of this part is 0.294 u 106 m3. The upper part of the
reservoir plays a specific role [3, 8]. It is used to
protect the main reservoir against sediment and
water quality degradation - the sediment particles
transported with inflowing water are settled in the
upper part of the reservoir [2].
The mean annual discharge of the Powa River
amounts to 1.16 m3Âs-1, the winter and summer halfyear mean discharges are 1.71 m3Âs-1 and 0,61 m3Âs-1
respectively. The flow variability in 1975-2009 was
very high, from 0.012 to 42.6 m3Âs-1 (Fig. 2). The
water management of the Stare Miasto reservoir
shifts the time of high and low flow occurrences. In
some years it changed the time of the yearly
maximum and minimum flow events even up to
half a year.

MATERIALS AND METHODS
The investigation was divided into three
stages: (i) botanical survey focused on development
of various vegetation types, (ii) habitat assessment
focused on river hydraulics, hydrology, water
quality and bottom sediments, (iii) search for
relationships between developing vegetation and
habitat conditions of the reservoirs with a separated
upper zone.
Botanical survey was carried out in the year
2013 according to the Polish macrophyte
monitoring method ESMI (Ecological State
Macrophyte Index) compliant with the Water
Framework Directive (2000/60/EC) for assessment
of the ecological status of lakes [25]. The method
relies on recording significant patches (areas of

ESMI

ª
§ N ·º
1  exp« J u Z u exp¨ ¸»
© P ¹¼
¬

where J is the evenness of vegetation types
3LHORX¶V LQGH[ RI HYHQQHVV  >@ = LV WKH
colonisation index, N is the total area covered with
vegetation and P is the lake area. Diversity metrics
were calculated on the basis of the share of all
communities in the transect.
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FIGURE 2
Discharge frequency curve for the gauge station Posoka on the Powa river, for the period 1971-2009
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follows: sand (2-0.05 mm), silt (0.05-0.002
mm) and clay (0.002 mm). The spatial distribution
of sediments deposited in the reservoir was
analysed taking into regard the types of soil
classified before construction of the reservoir. The
types of soils in the valley of the Powa river were
determined on the basis of the soil map in the scale
1:25000. The Stare Miasto reservoir is built in the
natural river valley. In the majority of the current
reservoir area no earthworks aimed at modification
of the ground surface were performed. Only the
vegetation growing in the inundated area had been
removed before the reservoir was built. In the inlet
part of the reservoir (initial reservoir) the valley
was deepened, because the original soil was
removed. On the east and west banks of the
reservoir the earthworks consisted of formation of
the slopes.
The physical and chemical properties of water
in the reservoir were determined for the samples
collected in 2011 and 2012. The samples were
taken every month at four sites: two in the upper
zone and two in the main zone (Fig. 1). The water
samples were taken from the subsurface layer with
the help of a Ruttner's water sampler. The
distributions of four water parameters measured at
each site were determined. This set of parameters
includes the contents of nutrients (ammonia,
nitrates, nitrite and phosphates). The chemical
analyses were performed in the laboratory at the
Poznan University of Life Sciences. NH4+ was
determined by the spectrophotometric method with
1HVVOHU¶V UHDJHQW 122-, with sulphanilic acid and
1-naphthylamine; NO3-, by the salicylate method;
and PO43- was determined by the molybdate method
with ascorbic acid as a reducer, using a Merck
Nova 60 apparatus (Merck KGaA, Germany).
To estimate the impact of different abiotic
parameters on vegetation development several
multivariate statistical methods were used. These
were cluster analysis (CA), principal component
analysis (PCA) and canonical correspondence
analysis (CCA). The statistical analysis was made
using the software Statistics 10 (StatSoft Inc.) and
Canoco
4.5
(Biometris
Plant
Research
International, Wageningen) (2011). The CA was
performed on the basis of the Ward's method in
order to illustrate similarities and differences
between transects. The PCA method was used to
explore the distribution of abiotic factors in the
reservoir. The CCA was made in order to correlate
the abiotic parameters with plant species
distribution. The relationship between plant species
and abiotic parameters was evaluated on the basis
of the following parameters: transect location in the
reservoir (TL), share of clay fraction in sediments
(ClF), silt fraction (SiF) and sand fraction (SaF),
average depth in the transect (TD), distance
between the transect and to the former Powa
channel (DfPC) and distance from the inlet of the

To estimate the reservoir morphology, the
digital elevation model (DEM) of the Powa valley
was completed. The DEM model was based on the
topographic maps in the scales 1:2000 and 1:10000
made in the 1990s and other documents prepared
for the reservoir construction. ArcGIS 9.3.1 by
ESRI was used for DEM preparation. DEM
permitted determination of changes in the
morphological conditions after the Stare Miasto
reservoir construction. Moreover, DEM allowed a
correlation of the depth of the bottom and the
recorded types of vegetation.
In order to assess the impact of variations in
the hydraulic and hydrological parameters on the
directions and speed of succession, the simulations
of water surface profiles were made by means of
HEC-RAS 5.0 Beta. The data used for the analyses
included: (1) DEMs of the Powa river and the river
valley, (2) discharges observed in the Posoka gauge
station, (3) water stages observed in the headwater
at the Stare Miasto dam. The analysis of the Powa
river models combined with water stage
observations permitted reconstruction of two stages
of the character of the Powa river flow; the first was
observed before the reservoir was built, the second
- after it was built.
The simulations by means of HEC-RAS were
made in a few steps. At first, the water surface
profiles and hydraulic parameters for each
discharge Qi in the frequency curves (Fig. 2) were
determined. The hydraulic parameters such as water
velocity, depth of the reservoir and of the river, etc.,
were determined for each cross-section. The
fundamental hydraulic parameters were water
surface elevations in each cross-section. The
frequency of related discharge was assigned to
water surface elevation. This procedure enabled a
construction of water stages frequency curves for
each cross-section. Then the water stages
frequencies were recalculated into the frequencies
of inundation to a particular level, e.g. the level of
vegetation occurrence.
In the next step the assessment of sediment
deposition was undertaken. The grain size in bed
sediments was determined. In 2011 and 2012,
samples of sediments including (1) 5 samples from
upper zone, (2) 5 samples from main zone, were
collected. The selected sites were located in the
transects used for vegetation identification. The
positions of the survey sites are presented in fig. 1.
The samples granulation was determined as a
combination of sieve and aerometer analysis,
according to Polish Norm PN-R-04032:1998 "Soils
and minerals - Samples and analysis of
granulation". The sieve analysis was made in the
wet conditions with normalized set of sieves. The
aerometric analysis was performed with a set of
aerometric devices produced by Eijkelkamp
company. According to the above-mentioned Polish
Norm, the soil fractions taken into account were as
2775
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TABLE 1
Vegetation diversification in the Stare Miasto
Types of vegetation

Sparganietum erecti
Sagittario-Sparganietum
Scirpetum maritimi
Comm. Myosotis scorpioides
Cariacetum acutae
Potametum crispi
Hydrocharitetum morsus-ranae
Glycerietum maximae
Potametum pectinati
Iridetum pseudacori
Lemnetum minoris
Polygonetum amphibium
Najadetum marinae
Typhetum latifoliae
Phragmitetum australis
Eleocharitetum palustris
Phalaridetum arundinaceae

1

Upper zone
2
3
4

2

4

2
5

5

6

Main zone
7 8 9

2
1
+
+

+

r
+

r
2

4
+

1

1
+

r
+
3
2
+
+

+
1
1

3
+
+
1

r
1

+
1
5

3

+
+
4
1
1

+

1

+

4
1
+

+

+
+
2
2

1

Dominating
form*
Em
Subm, Float, Em
Em
Em
Em
Subm
Float

3
1

Cariacetum ripariae
Typhetum angustifoliae

2
2
2

3
+
1

+

Number of communities
9
6
6
9
6
4 8 6
*Dominating form: Subm ± submarged, Float ± floating leaves, Em - Emerged

3

4

5

6

Em
Subm
Em
Float
Float
Subm
Em
Em
Em
Em
Em
Em

contribution in coverage was recorded for
Sparganietum erecti, Sagittario-Sparganietum
emersi, Najadetum marinae and Polygonetum
amphibium. The Shannon diversity H was 1.72 and
Hmax was 2.77 (Table 2).
The main part of the reservoir located
downstream was characterized by lower
contribution of vegetation cover and lower
diversity. In this zone only 12 plant communities
were identified (Table 1) and only two of them
were not observed in the rest of the reservoir.
Especially large contribution in coverage was
brought by Phragmitetum australis, Typhetum
angustifoliae and Phalaridetum arundinaceae. The
Shannon diversity H was 1.46 and Hmax was 2.48
(Table 2).
The ESMI index was used to assess ecological
potential of the Stare Miasto reservoir on the basis
of macrophyte vegetation (Table 2). This index for
the upper zone is slightly lower (ESMI=0.224) than
that

Powa river to the reservoir (DfI), type of
construction work done in the reservoir (CW) and
frequency of inundations (FoI). In the study the
earthworks are classified as follows: lack of
earthworks - value 0.1, formation of slopes 0.5,
deepening and removal of soils 0.9

RESULTS
Results of the botanical survey revealed the
abundant development of macrophyte vegetation in
the Stare Miasto reservoir. Nineteen different
vegetation communities were identified (Table 1).
Both, submerged and emergent macrophyte
vegetation was recorded.
Different directions of vegetation development
were identified in different parts of the reservoir.
More diverse and abundant vegetation was found in
the upper zone (Fig. 1), in which 16 vegetation
types were identified (Table 1). Seven of them were
absent in the rest of the reservoir. Especially large
.
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TABLE 2
Evaluation of the ecological potential of the Stare Miasto reservoir on the basis of macrophytes
development
Macrophyte assessment

Upper zone
0.224
moderate
7.2 ha
0.31
1.72
2.77

ESMI index
Ecological potential
Total vegetated area
Macrophyte abundance Z
Shanon diversity index H
Maximum diversity index Hmax

Before the reservoir was built, the valley of
the Powa river was used as grassland or arable land.
As shown in Fig. 3a and 3d, the appearance of the
reservoir significantly changed the water conditions
in this land. The valley was inundated and water
level in the reservoir was regulated. It influenced
deeply the vegetation conditions. The vegetation
typical of reservoirs covered the inundated area.
Specific construction of the reservoir (upper and
main zones) and regular water management (filling
and emptying) are the reasons for water vegetation
diversity. In the upper zone (Fig. 1a), the water
level is kept at 93.5 m a.s.l. (Fig. 3a). In the main
zone the water level varies between 92.0 and

95,0

95,0

94,5

94,5

94,0

94,0

Water stage [m a.s.l.]

Elevation [m a.s.l.]

characterising the part located near the dam
(ESMI=0.247). In both investigated parts of the
reservoir a similar level of degradation was
observed, which permitted classification of the state
of the reservoir as moderate.
The HEC-RAS simulations were used for the
analysis of hydraulic and hydrological conditions in
the valley of the Powa river before and after the
reservoir was built. The results obtained are
presented graphically in Fig. 3. The cross-sections
are characterised by the frequency curves made for
the water states before and after the reservoir was
built. The curves were determined for a few
scenarios of water conditions, taking into account
the specific features of the reservoir and the river as
well as the discharge variation in the reservoir inlet.
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FIGURE 3
Cross-section of the Stare Miasto reservoir (a) and water stage frequency curve (b)
for measurement site no. 1 and 6 respectively
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TABLE 3
Comparison of inundation frequency in the river with that for the reservoir
Vegetation points

Elevation where vegetation point

1
2
3
4
5
6
7
8
9
10

is located
93.25
93.5
92.5
92.24
93.69
92.66
93.5
91.87
92.92
90.78

Inundation frequency (days/365)
reservoir
river
365
0
365
0
365
0.1
365
1.3
0.2
0
19
0
0.7
0
365
0
5.4
0
365
0.5

these parts of the reservoir, there are the best
conditions for deposition of fine fractions. The total
amount of silt plus clay in the samples from these
parts ranges from 16 to 42 % (Table 4). In the main
zone the sediments are coarser. There are mainly
sands with little amount of silt and clay. The total
amount of sand fraction in the samples from the
main zone varies from 87 to 91%. Only in the
sediment sample 8 located downstream the
highway, the total amount of silt and clay is only
1%. Below the highway the culvert width only 25
m that caused increase in water velocity and
removal of finer fractions.
Analysis of the nutrient content also
confirmed differences between the upper and lower
zones of the reservoir. In the upper zone the
concentrations of nutrients in the upstream and
downstream parts were similarly low. As far as
nitrogen forms are concerned, the concentrations of
nitrates was relatively high, whereas the
concentration of ammonia was low (Table 5). The
amount of phosphates in water was also low, with
the average value of 0.06 mg dm-3. In the main zone
the average and maximum concentrations of
nitrates were lower than in

94.0 m a.s.l. (Fig. 3d). More stable conditions in the
upper zone (constant water level, relatively smaller
changes in the water stages) and lower depth lead to
higher diversity of vegetation as well as higher
plants abundance. Table 3 lists the earlier presented
bottom elevations and inundations. These are the
lowest elevations, at which the plants observed in
2013 grew. On the basis of simulations the number
of days on which this level is submerged can be
assessed. In selected 10 sites the number of such
days varies from one day to the whole year. As far
as the river without floodplains is concerned, site
no. 4 is inundated for two days. The other sites are
fully above the water all the year (Table 3).
At the next stage, the grain size of bottom
sediment samples were analysed. The results
obtained showed that the sediment grain sizes in
particular zones of the reservoir differ significantly.
In the inlet part of the upper zone, where the flow
velocities reach the highest values, coarse
sediments are deposited. The total amount of sand
fraction in the samples from this part is close to
95%. In the central and downstream parts of the
upper zone, the bottom sediments may be
characterized as loamy-sands and sandy loams. In

TABLE 4
Grain sizes of bottom sediments in the Stare Miasto reservoir
Parameter
Type of sediments
Sand [%]
Silt [%]
Clay [%]
d10 [mm]
d50 [mm]
d90 [mm]

Upper zone
1
2
Sa
LoSa
95
58
3
39
2
3
0.065
0.011
0.160
0.094
0.243
0.712

3
SaLo
77
21
2
0.013
0.145
0.402

4
SaLo
80
19
1
0.018
0.149
0.248
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5
SaLo
84
15
1
0.017
0.161
0.334

Main zone
6
7
Sa
Sa
88
91
9
5
3
4
0.043
0.055
0.150
0.177
0.356
0.394

8
Sa
99
0
1
0.063
0.151
0.433

9
Sa
91
6
3
0.052
0.139
0.241

10
Sa
87
5
8
0.009
0.096
0.417
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TABLE 5
Concentrations of nutrients in the water of the Stare Miasto reservoir
Upper zone

Main zone

Parameters

Nitrates NO3 [mg.dm-3]
Nitrite NO2 [mg.dm-3]
Ammonia NH4 [mg.dm-3]
Phosphates PO4 [mg.dm-3]

A

B

C

5.21-3.54
0.01-19.49
0.10-0.10
0.01-0.20
0.04-0.01
0.01-0.17
0.06-0.06
0.01-0.17

5.21-3.10
0.01-23.04
0.07-0.07
0.01-0.16
0.04-0.01
0.01-0.29
0.05-0.02
0.01-0.22

4.30-3.99
0.01-11.08
0.08-0.07
0.01-0.16
0.02-0.01
0.01-0.08
0.05-0.01
0.01-0.20

4.88-3.10
0.01-13.29
0.08-0.03
0.01-0.23
0.06-0.01
0.01-0.63
0.04-0.01
0.01-0.20
*mean-median
min-max
hydrologic gradient (water stage and sediment
transport). In the reservoir there are permanently
inundated parts whose bottom sediments are
dominated by silt fraction. On the other hand, there
are also zones in the main reservoir, where
inundation is only temporal and their bottom
sediments are dominated by sands.

the upper zone. The same tendency was observed in
the concentrations of phosphates. The statistical
significance of differences between average
concentrations of nitrogen and phosphorus
compounds was evaluated. The assessment was
performed by means of t-Student test for
independent samples with 95% level of confidence.
The results showed no significant differences
between the mean concentrations of nitrogen and
phosphorus compounds in the upper and main
zones.
To identify abiotic parameters influencing the
vegetation development the cluster analysis was
undertaken. It revealed that the transects can be
divided into two groups (Fig. 4). The first group
included transects from the upper zone (Group I).
These two transects were located close to the Powa
inlet (transects 1 and 2) which was the shallowest
part of the reservoir where extensive deepening and
organic matter removal were applied. The other
transects from the upper zone were situated in the
area of homogenous sediment granulometry. In this
part the best conditions for deposition of fine
fractions took place. The total concentration of silt
and clay ranges from 16 to 23%.
In the main zone of the reservoir the set of
abiotic conditions was identified as a separate main
cluster (Group II). Transects 6, 8 and 10 were
situated at the deepest part of reservoir (between
1.5 to 1.7 meters). Transects 7 and 9 were delimited
in the zone of lower depth (less than 0.6 meter).
The sediments were dominated by sand (91%) and
the rest of loam and silt made a contribution of 9%.
The principal component analysis allowed
distinction of the three main directions of
variability on the basis of nine parameters
describing the abiotic environment (fig. 5 a-b). The
main components explained 84% of internal data
structure. The first main component was correlated
with: the frequency of inundation (FoI), location of
transect in the reservoir (TL), the distance from the
reservoir inlet (DfI) and fraction of sand (SaF) and
silt (SiF) in the bottom sediments. The relationships
between these elements indicated the existence of

1
2
Group I

Transect no.

3
5
4
6
8
10

Group II

7
9
0

20

40

60

80

100

120
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FIGURE 4
The analysis of similarity of abiotic parameters
The factor indicated by the second main PCA
factor was most strongly correlated with the
distance between the transect and the old channel of
the Powa river (DfPC). This factor was associated
with the water management pattern. The transects,
positively associated with this factor were strongly
affected by high dynamics of water level
fluctuations resulting from the reservoir water
management. The second PCA component was also
partly associated with the type of construction
works (CW) but this factor was more important for
the third PCA component.
The third main component was strongly
correlated to the type of construction works (CW)
(Fig. 5b). The transects, positively correlated to this
component, were affected by intensive construction
works. The engineering efforts included deepening
of the floodplains and shaping of the banks. All
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FIGURE 5
The principal component analysis in relation to abiotic parameters
transport) was strongly correlated to the growth of
Sparganietum erecti. The positive dependence on
this factor was observed for several submerged
macrophytes (Potametum crispi, Potametum
pectinati) and unrooted free-floating (Hydrocharis
morsus-ranae). These groups of macrophytes
require longer periods of inundation. The negative
dependence to the second PCA factor was observed
only for several groups of emergent plants,
especially Typhetum latifoliae and Typhetum
angustifoliae. These plants grow well in temporally
inundated areas.
The second PCA component was also linked
to Typhetum latifoliae and Typhetum angustifoliae).
Patches of Potametum pectinati showed strong
relationship with both, the first and the second
components of PCA.

environmental variables indicated significant
dependence on extracted main components with
exception of clay fraction in bottom sediments
(ClF) and depth (TD).
In order to estimate the impact of abiotic
factors on the growth and distribution of
macrophytes in the Stare Miasto reservoir, the
canonical correspondence analysis (CCA) was
made (Fig. 6.). The CCA results indicated that the
first two directions of variability extracted by PCA,
strongly influenced the vegetation diversity in the
reservoir. Both factors showed comparable impacts
on macrophyte differentiation. The third PCA
factor seems to have minor importance in relation
to riparian vegetation differentiation.
The first PCA component, linked with
hydrological factors (water stage and sediment

a

b

FIGURE 6
Canonical correspondence analysis for aquatic vegetation of the Stare Miasto reservoir
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3. The constant water level, smaller
depth and greater inflow of sediments in the upper
zone of the reservoir stimulated abundant
vegetation growth and greater species diversity.
4. Vegetation development in the reservoir is
influenced most strongly by hydrological factors
(water level and sediment transport) and the
reservoir management pattern.

DISCUSSION
The retention reservoir studied is currently at
the first stage of its functioning and the processes
taking place in it are similar to those observed for
other reservoirs of this type. At the first stage of
functioning of such reservoirs, the plant
communities characteristic of rivers and land of the
area are destroyed and gradually replaced by those
characteristic of lakes [28].
The reservoirs of this type have been rarely
analysed [29, 30]. This is the pioneering analysis of
the impact of hydrological, hydraulic, physical and
chemical factors as well as sediment deposition in
the reservoir on rate and direction of the plant
succession. Changes in hydrological and hydraulic
conditions together with changes in sediment
transport intensity in the analysed area cause
dynamic changes in the habitat conditions. Small
depths in the upper zone of the reservoir and huge
sediment load are responsible for the higher
dynamics of succession there than that of the
processes taking place in the main part.
Plant response to the habitat condition was
very evident. The vegetation was much
differentiated, the presence of 19 types of
vegetation proves that the plant succession was
very advanced. This number of different plant
communities is comparable to that in natural lakes
[25]. We have revealed that the succession of
aquatic plants in the artificial reservoirs goes very
fast and the vegetation differentiation is comparable
to that in natural lakes.
The degradation of the water quality in the
investigated reservoir is moderate. The observed
level of biogenic compounds is low in comparison
with other lowland reservoirs [28]. The water
quality in the reservoir is even better than typical
observed in the natural lowland lakes [9, 31, 32].
The
computations
of
the
reservoir
performance time in the aspect of limitation by
sedimentation [33] indicate at least 80 years of its
undisturbed functionality. The necessity of
sediment removal from the upper zone after 9 years
of the reservoir existence shows the huge dynamics
of the processes taking place in the inlet area.
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oxidation [5-7]. Of these methods, coagulation and
adsorption are the most commonly used; however,
they create large amounts of pollutant sludge [8].
Alternatively, the bioremediation of wastewater by
microorganisms, including bacteria, algae, yeasts
and fungi, has received increasing attention due to
its high efficiency, low environmental impact, low
cost and wide availability. Indeed, biological
systems have a great capacity to reduce the
biochemical oxygen demand (BOD) and chemical
oxygen demand (COD) [1, 4, 9]. Ong et al. [10]
used a combination of anaerobic and aerobic steps
in an attempt to achieve the decolorization and
mineralization of dyes.
Laccase has been used for textile dye
bleaching,
effluent
decolorization
and
detoxification. Our previous study showed that the
decolorization rate of indigo dye wastewater by a
laccase/HBT mediator system could reach 90.8% in
100 min. Campos et al. [11] reported that laccases
from the fungi Trametes hirsuta and Sclerotium
rolfsii could oxidize indigo to yield isatin, which
was further decomposed into anthranilic acid. Singh
et al. [12] found that bacterial and fungal enzymes
could degrade indigo carmine to yield anthranilic
acid via isatin. However, anthranilic acid and isatin
are still harmful to health, and isatin is still
yellowish. To date, no studies have investigated the
degradation of isatin and anthranilic acid.
Anthranilic acid is a flammable and irritating
chemical substance. It has a stimulating effect on
the eyes, skin, mucous membrane and upper
respiratory tract. It is also harmful to the
environment and can cause water and atmospheric
pollution. Organic acids can easily form acid rain
when there are chemical or physical changes in the
atmosphere. When the pH value falls below 5,
plants and animals can be seriously harmed.
Furthermore, fish reproduction and development
can be seriously affected, as the metals in
watershed soil and water sediments can dissolve
into the water. The acidification of water will result
in changes in the composition and structure of
aquatic organisms, thus increasing the number of
acid-resistant algae and fungi while decreasing the
number of rooted plants, bacteria and vertebrates as

ABSTRACT
Microorganisms from denim-manufacturing
mill sludge (DMMS) were screened for their
capacity to biodegrade indigo wastewater pretreated
with laccase. A bacterial strain that utilizes isatin
and anthranilic acid, the metabolites of indigo
produced oxidatively by laccase, was isolated and
characterized. Based on the 16S rRNA gene
sequence and morphological, physiological and
biochemical properties of the strain, it was
identified as Achromobacter xylosoxidans N4.
Anthranilic acid was detected by HPLC as a
metabolite when isatin was added to the bacterial
culture as the sole carbon and energy source. The
N4 strain exhibited strong degradation of isatin and
its metabolite anthranilic acid and was able to grow
in MSM supplemented with 100 mg/L anthranilic
acid with an initial pH value ranging from 4.0 to
9.0. This is the first report of a bacterium isolated
from DMMS that can degrade isatin and anthranilic
acid. These results indicate that the N4 strain has
potential applications in the treatment of indigo
wastewater.
KEYWORDS:
Isatin, Anthranilic acid, Biodegradation, Achromobacter
xylosoxidans, Denim-manufacturing mill sludge

INTRODUCTION
Indigo dye is used extensively in the textile
industry. Consequently, many pigments, toxicants
and inhibitory compounds are released in indigocontaining textile wastewater, affecting the
landscape and damaging the flora and fauna of
natural water bodies [1, 2]. Some of these
compounds have been demonstrated to be
carcinogens and mutagens [3]. Therefore, the
colored textile wastewater must be treated before its
discharge into the environment [4]. Physical and
chemical processes have been proposed for the
treatment of colored wastewater, e.g., precipitation,
flocculation, coagulation, adsorption and wet
2784
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anthranilic acid efficiently in MSM containing 100
mg/L isatin and anthranilic acid was isolated and
designated N4. Pure cultures of N4 were grown on
LB agar at 28°C for 24 h and then re-suspended in a
solution of nutrient broth (Difco) and dimethyl
sulfoxide at a ratio of 9:1. These stock cultures
were stored at -80°C until further examination.

well as the decomposition rate of the organisms.
Acidification also significantly decreases the
number of fish in lakes and rivers. The description
of anthranilic acid above comes from Material
Safety Data Sheet (MSDS). According to the paper,
anthranilic acid, as substrate and intermediate, is
critical in the synthesis and production of many fine
chemicals including dyes, medicines, aromatic
chemicals, pesticides and bactericides, etc.
Simultaneous existence of Lewis acidic and Lewis
basal functional groups makes anthranilatecontaining waste water highly toxic and hardly
biodegradable, and the pollutant extremely soluble
in water [13].
The objective of this study was to isolate and
identify the bacteria that can degrade isatin and
anthranilic acid from denim manufacturing mill
sludge and to characterize the environmental factors
influencing the degradation process. The isolated
strain was identified based on morphological and
biochemical properties and the 16S rRNA gene
sequence. The biochemical degradation process of
isatin was studied. The degradation capability of the
strain was evaluated, and the environmental factors
influencing the degradation process were
investigated.

Morphological,
physiological
and
biochemical tests and 16S rDNA sequence
analyses. The N4 strain was identified based on its
morphological, physiological and biochemical
properties using Bergey's Manual of Determinative
Bacteriology. The morphological characteristics
and Gram staining of strain N4 were examined after
24 h of incubation on LB agar.
The 16S rRNA gene of the strain was
amplified from the bacterial genomic DNA by PCR
XVLQJ WKH XQLYHUVDO SULPHUV  ) ƍAGAGTTTGATCCTGGCTCAG -ƍ  DQG  5
ƍ- TACGGCTACCTTGTTACGACTT -ƍ  >5,
16]. The resulting PCR products were cloned into
the pGEM-T Easy vector and transformed into
competent Escherichia coli '+Į FHOOV 7KH 6
rRNA gene sequence of strain N4 was sequenced
(1418 bp) and deposited in the GenBank database
under the accession number HM641131. Alignment
with different 16S rRNA gene sequences from
GenBank was performed using Clustal X 1.8.3 with
the default settings. Phylogenetic analysis was
performed with MEGA version 4.0 software [17].
Sequence divergence among the strains was
quantified using the Kimura-2-parameter distance
model [18]. A phylogenetic tree was constructed
using the neighbor-joining method [19]. Bootstrap
analysis (1,000 replicates) was used to test the
topology of the neighbor-joining data. The tree was
unrooted.

MATERIALS AND METHODS
Chemicals and media. Isatin (99.0% purity)
and anthranilic acid (98.5% purity) were purchased
from Sigma and Bio Basic, Inc., respectively. All
other reagents used in this study were of analytical
reagent grade.
Luria-Bertani (LB) medium and mineral salt
medium (MSM) (1.5 g of K2HPO4, 0.5 g of
KH2PO4, 0.2 g of MgSO4·7H2O, 1.0 g of NaCl, 1.0
g of (NH4)2SO4; solid culture medium contained
1.5% agar) were used in this study [14]. When
necessary, isatin or anthranilic acid was added to
the media at the specified final concentration.

Degradation of isatin by strain N4 in
culture. Strain N4 was pre-cultured in LB medium,
harvested by centrifugation at 4,000 × g for 10 min,
washed three times with sterilized water, and then
resuspended in the same volume of sterilized water.
Two milliliters of the above bacterial suspension
was inoculated into 100 mL of MSM containing
from 100 to 500 mg/L isatin, and the culture was
incubated at 28°C on a shaker at 150 rpm. This
culture was repeated in triplicate. Medium
inoculated with sterilized water was maintained
under the same conditions as a control. During the
degradation of isatin, samples were collected at 8 h
intervals. Isatin and its metabolites were analyzed
by HPLC (Agilent 1200 with an UV detector) and
compared to an external standard of authentic
Isatin. In preparation for the HPLC analysis, culture
samples were centrifuged (4000 × g for 10 min) and
filtered through a 0.25 μm PTFE membrane syringe
filter. The separation was carried out on a

Isolation of bacterial strains. The initial
enrichment culture was established by inoculating
100 mL of sterile MSM containing 50 mg/L isatin
and anthranilic acid with 5 g of sludge (wet weight)
taken from the wastewater treatment pool of a
denim-manufacturing factory in Haining, China.
The Erlenmeyer flask was incubated on a rotary
shaker at 28°C and 150 rpm. After one week of
incubation, portions were inoculated into fresh
medium containing isatin and anthranilic acid at
concentrations up to 100 mg/L, and the incubation
was continued. After two more transfers at 48 h
intervals, the culture was purified by serial streak
plating onto solid MSM containing 100 mg/L isatin
and anthranilic acid. Five pure strains were
obtained. The strain that could degrade isatin and
2785
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culture flask was also determined as described
above (2.4).

ZORBAX SB-C18 reverse-phase column (4.6 mm
îPPîȝP 7KHPRELOHSKDVHFRQWDLQHGD
mixture of methanol and water (60:40, v/v), and the
flow rate was set to 1.0 mL min-1. The injection
YROXPH ZDV  ȝ/ ,VDWLQ DQG WKH SRVVLEOH
degradation intermediates were detected and
quantified at a wavelength of 254 nm, and the isatin
concentrations in the samples were expressed as the
mean of triplicate experiments. The growth of strain
N4 cells was also investigated to determine whether
the N4 strain could utilize isatin as its sole carbon
source for growth. The microbial biomass in the
culture
flask
was
determined
spectrophotometrically
by
measuring
the
absorbance at a wavelength of 600 nm with a UV±
visible
spectrophotometer
(UV-2100
spectrophotometer, Unic, Shanghai, PR China).

RESULTS
Isolation and characterization of the isatindegrading bacterial strain. Five strains were
isolated from the activated sludge collected from a
wastewater treatment pool in a denimmanufacturing factory using the enrichment culture
technique. The five strains were tested for their
isatin-degrading and anthranilic acid-degrading
abilities, and the strain exhibiting the greatest
degradation ability was designated N4. This strain
could completely degrade 100 mg/L isatin or
anthranilic acid in 24 h and was selected for further
study.
The N4 strain was a Gram-negative, rodshaped bacterium that formed ivory-white colonies
with smooth edges on LB agar plates. Oxidase and
catalase were produced by the strain. Based on 16S
rDNA sequence alignment and phylogenetic
analyses (Fig. 1), the N4 strain was assigned to the
genus
Achromobacter.
The
microorganism
exhibited the highest level of homology (99.7%)
with Achromobacter xylosoxidans ATCC 27061T
(D88005).
Based
on the
morphological,
physiological
and
biochemical
properties,
combined with the 16S rRNA gene sequence, the
N4 strain was identified as Achromobacter
xylosoxidans. The accession number of its 16S
rDNA sequence in the GenBank database is
HM641131.

Degradation of anthranilic acid by N4 in
culture. The N4 strain was pre-cultured, washed
and resuspended as described above (2.4). Two
milliliters of the bacterial suspension was
inoculated into 100 mL of MSM containing
different concentrations of anthranilic acid. The
concentrations of anthranilic acid in the Erlenmeyer
flasks were increased stepwise from 100 to 500
mg/L at 100 mg/L intervals; the highest
concentration was 1,000 mg/L. During the
incubation period, 2 mL of liquid was withdrawn
from each Erlenmeyer flask to quantify the
anthranilic acid concentration at 8 h intervals.
Culture samples were prepared and analyzed by
HPLC as described above (2.4). The level of
anthranilic acid in the samples was quantified by
comparison with an external standard of authentic
anthranilic acid, and the degradation activity was
estimated based on the concentration difference of
anthranilic acid in the cultures. The microbial
biomass in each culture flask was also determined
as described above (2.4).

Degradation of Isatin by A. xylosoxidans
N4. Isatin was rapidly degraded in A. xylosoxidans
N4 culture, with isatin serving as the sole source of
carbon and energy. In addition to the peak for the
isatin parent compound, a major metabolite peak
was observed in the HPLC chromatograms (Fig. 2).
The major metabolite was identified as anthranilic
acid (2-aminobenzoic acid), which corresponded to
the anthranilic acid standard (Fig. 2). Other
metabolites detected in the samples were not further
characterized because of their relatively low
contents. The profiles of anthranilic acid production
versus isatin degradation during the cell culture (090 min) are shown in Fig. 3. The concentration of
isatin decreased with increasing culture time. In
contrast, the concentration of anthranilic acid
reached its maximum at 24 h and decreased after 40
h. Increased bacterial growth was not observed
during isatin removal from MSM culture until the
anthranilic acid was degraded.

Effect of pH and temperature on N4
growth. The pH value of the MSM supplemented
with 100 mg/L anthranilic acid was 6.6. To
investigate the effect of pH on bacterial growth, the
pH value of the above medium was adjusted from
4.0 to 9.0 with NaOH or HCl. The N4 strain was
pre-cultured, washed and resuspended as described
above (2.4). Two milliliters of bacterial suspension
was inoculated into 100 mL of MSM containing
100 mg/L anthranilic acid at different initial pH
values. For the temperature tolerance assay,
bacteria were transferred into MSM supplemented
with 100 mg/L anthranilic acid culture medium
with different temperatures from 20°C to 40°C.
Sampling was performed every 4 h, and cell growth
was monitored. The microbial biomass in each
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FIGURE 1
Phylogenetic tree based on the 16S rDNA sequence of strain N4 with other reference sequences. The
numbers at the forks indicate the bootstrap values in percentages. The bar indicates the nucleotide
difference per sequence position. The accession numbers of the sequences are given in parentheses.

mineral medium or inoculated-and-killed controls.
Further studies on the degradation characteristics
showed that the N4 strain could efficiently degrade
anthranilic acid at temperatures from 20°C to 40°C,
with an optimal temperature range from 28°C to
35°C (Fig. 5).

Degradation of anthranilic acid by A.
xylosoxidans N4. Enrichment of the bacterial
growth was obtained in MSM containing 500 mg/L
anthranilic acid, and the biodegradation of
anthranilic acid under aerobic conditions was
confirmed by the decrease in the anthranilic acid
from the culture. The time courses of anthranilic
acid degradation and the growth of strain N4 in
MSM containing 500 mg/L anthranilic acid are
presented in Fig. 4. A 48 h lag phase in the cell
growth was observed, and the anthranilic acid was
largely degraded by 64 h. The cell density of strain
N4 increased from 0.036 to 0.194 (OD600 nm)
during anthranilic acid degradation, indicating that
the N4 strain could utilize anthranilic acid as its
sole carbon source for growth. No appreciable loss
of anthranilic acid was observed in either the sterile

Effects of isatin concentration on the
degradation activity of strain N4. To determine
the effect of the initial concentrations of isatin on
the degradation efficiency, the N4 strain was
cultured in MSM amended with different
concentrations of isatin (100 to 500 mg/L). When
the isatin concentration was increased to 500 mg/L,
the isatin was degraded within 60 h, and the major
metabolite anthranilic acid was completely
degraded within 108 h (Fig. 6).
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FIGURE 2
HPLC chromatograms of standard isatin in MSM medium and standard isatin in water, and (A) at 8 h;
(B) at 16 h; (C)at 24 h; (D) at 56 h after Achromobacter xylosoxidans N4 was inoculated in MSM medium
supplemented with 100 mg/L isatin at 28°C.

Effect of pH on the degradation activity
and cell growth of strain N4. The lag phase of
anthranilic acid degradation decreased as the initial
pH values of the culture from 4.0 to 8.0 (Fig. 8).
The lag phase was longer when the initial pH value
was lower than 7.0, so the optimal initial pH values
were from 7.0 to 8.0. A. xylosoxidans N4 could
grow at pH values ranging from 4.0 to 9.0, and the
final pH values (32 h) were from 5.4 to 7.5. The
cell density of the N4 strain increased from 0.062 to
0.107 (OD600 nm) within 8 h when the initial pH
value was 8.0.

Effect of anthranilic acid concentration on
the degradation activity of strain N4. To
determine the effects of the initial concentrations of
anthranilic acid on degradation efficiency, the N4
strain was cultured in MSM amended with different
concentrations of anthranilic acid (100 to 1,000
mg/L). The anthranilic acid was degraded by the
bacteria in the culture within 48 h, and a brief lag
SKDVH   K  ZDV REVHUYHG ZKHQ WKH LQLWLDO
FRQFHQWUDWLRQ RI DQWKUDQLOLF DFLG ZDV   PJ/L
(Fig. 7). When the anthranilic acid concentration
was increased to 1,000 mg/L, there was a 72 h lag
phase, and the anthranilic acid was completely
degraded within 88 h.
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FIGURE 3
Isatin concentration and N4 cell growth in MSM medium supplemented with 100 mg /L isatin at 28°C.
The data are represented as the mean ± standard deviation for triplicate incubations.

previous study confirmed that laccase can
decolorize Indigo dye wastewater. Balan and
Monteiro [9] reported that laccase could oxidize
indigo to yield isatin (indole-2, 3-dione), which can
be further degraded to yield anthranilic acid (2aminobenzoic acid). A pH-stable laccase isolated
from the alkali-WROHUDQW Ȗ-proteobacterium JB can
degrade indigo carmine to yield anthranilic acid via
isatin [12]. As proven by related studies, methane
and sulfate- producing degradations of indoles in
reductive conditions are ubiquitous reactions, both
of which start from carbonylation followed by
cleavage of the C-C bond between C-2 and C-3
[23-25]. Pseudomonas putida mineralizes indoles
by indole-oxyindole-indolinedione pathway in the
aerobic environment [26]. Whereas Aspergillus
niger converts indoles into N-carbonyl anthranilic
acid carbonylation and cleavage of the aromatic
ring [27]. Thus, the degradative pathways of
indoles by bacteria and fungi are significantly
different. Since carbonylation on 2- or/and 3- C is a
critical initiation reaction, substituents on 1-, 2- and
3- positions may greatly affect the degradation
process, thus degradations of 1-methyl indole, 2methyl indole and 3-methyl indole are difficult in
both aerobic and anaerobic environments [23-25].

DISCUSSION
Indigo dye is extensively used in the textile
industry and is considered a recalcitrant and toxic
substance, with the ability to cause substantial
environmental damage. The application of
ozonation in indigo dye treatment has been
increasing in recent years, but this treatment has the
disadvantage of producing toxic and carcinogenic
by-products. Bioremediation technologies have
shown encouraging results for the treatment of
recalcitrant compounds in wastewater [20]. Manu
and Chaudhari [3] reported that simulated
wastewater containing vat dye and azo dyes could
be decolorized under anaerobic conditions using
mixed bacterial cultures with long hydraulic
retention times. Analytical studies by Asad et al.
[21] showed that the principal decolorization of
bacteria, isolated from the effluents of textile
factories, resulted from the reduction of the azo
bond, followed by cleavage of the reduced bond.
Indigo dye can be decolorized by ligninolytic fungi
that produce functional extracellular enzymes
during the biodegradation of lignin and dyes, such
as Laccase, lignin peroxides, manganese peroxidase
and H2O2-dependent peroxidases [9, 22]. Our
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FIGURE 4
Anthranilic acid concentration and growth of Achromobacter xylosoxidans N4 in MSM medium
supplemented with 500 mg/L anthranilic acid at 28°C.

indicating that the bacterium might have
experienced a concentration-dependent response to
anthranilic acid. From the results of the growth of
stain N4 at different concentrations of anthranilic
acid (Fig. 7), cell growth and metabolism may be
inhibited during the initial stages of the anthranilic
acid treatment. Therefore, the biosynthesis of
degradation enzymes in the bacterium could be
inhibited during this time and result in the lag phase
of anthranilic acid biodegradation. The growth of
strain N4 was influenced by the environmental pH.
This strain could grow at pH values ranging from
4.0 to 9.0 in MSM supplemented with anthranilic
acid. Strain growth was inhibited when the initial
pH value was lower than 4.0 or higher than 9.0
(data not shown). The pH value tended to neutrality
during the growth of strain N4. These results
suggest that strain N4 isolated from DMMS could
use isatin or anthranilic acid for growth. As these
are the by-products of indigo decolorized by
laccase, they might play an important role in the
treatment of indigo-containing wastewater after
pretreatment with laccase. The biodegradation of
other N-heterocyclic compounds by strain N4 will
be studied in the near future.

To date, no literature reports have described
isatin or anthranilic acid biodegradation. In this
study, bacteria that could degrade isatin and
anthranilic acid were screened and investigated. A.
xylosoxidans N4, isolated from the wastewater
sludge of a denim-manufacturing factory, was
isolated and characterized. Isatin was slowly
converted into anthranilic acid by A. xylosoxidans
N4 (Fig. 2). Anthranilic acid was found to be the
major metabolite of the isatin degradation process
(Fig. 2), which was consistent with results reported
by Campos et al. [11] and Singh et al. [12]. Isatin
could be degraded in water, but the isatin
degradation could be accelerated in MSM after the
N4 strain was added to the medium (data not
shown). The cell density of N4 did not noticeably
increase during the conversion of isatin into
anthranilic acid but began to increase during
anthranilic acid degradation (Fig. 3), indicating that
anthranilic acid was the direct carbon and nitrogen
source for the N4 growth. The N4 strain could
tolerate and degrade 1,000 mg/L anthranilic acid in
MSM under aerobic conditions (Fig. 6). The lag
phase of biodegradation was increased with an
increase in the concentrations of anthranilic acid,
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FIGURE 5
Growth of Achromobacter xylosoxidans N4 in MSM medium supplemented with 100 mg/L anthranilic acid
at different temperatures.

FIGURE 6
(A) Growth of Achromobacter xylosoxidans N4 in MSM medium supplemented with different initial isatin
concentrations at 28°C. (B) Isatin degradation by Achromobacter xylosoxidans N4 in MSM medium
supplemented with different initial isatin concentrations at 28°C. (C) Anthranilic acid degradation by
Achromobacter xylosoxidans N4.

2791

© by PSP

Volume 25 ± No. 8/2016, pages 2784-2794

Fresenius Environmental Bulletin

FIGURE 7
(A) Growth of Achromobacter xylosoxidans N4 in MSM medium supplemented with different initial
anthranilic acid concentrations at 28°C. (B) Anthranilic acid degradation by Achromobacter xylosoxidans
N4 in MSM medium supplemented with different initial anthranilic acid concentrations at 28°C.

FIGURE 8
Growth of Achromobacter xylosoxidans N4 in MSM medium supplemented with 100 mg/L anthranilic acid
with different initial pH values at 28°C.

is a promising strain for the bioremediation of
environmental wastewater.

In conclusion, A. xylosoxidans strain N4
isolated from the wastewater sludge of a denimmanufacturing factory was found to convert isatin
into anthranilic acid rapidly and then degrade
anthranilic acid completely. High concentrations of
anthranilic acid (up to 1,000 mg/L) could also be
degraded by N4. The N4 strain could grow in MSM
supplemented with anthranilic acid at initial pH
values ranging from 4.0 to 9.0. Thus, this study
offered the first investigation on the treatment of
indigo wastewater by a bacterium isolated from a
denim-manufacturing factory. A. xylosoxidans N4
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Fritillaria species are either endemic or endangered
and used as ornamental [1] or medicinal plant [3,4]
due to presence of wide array of alkaloids [5].
Crown imperial (Fritillaria imperialis L.) and
Persian lily (Fritillaria persica L.) are two
important ornamental plants due to their attractive
flowers available in different colours. They are
commonly propagated through bulbs or seeds in
natural environment (6). Low germination rate due
to physiological dormancy [7] followed by weak
seedlings, low survival rate and slow growth are the
main problems associated with propagation through
seeds. It takes normally 3-4 years to get mature bulb
from seeds [1]. On the other hand, limited
availability of bulblets [8] from the nature hinders
the vegetative propagation. All these problems
associated with propagation offer to develop more
efficient and alternative means of propagation for
commercial production of these valuable species.
Plant tissue culture techniques provide an
alternative and efficient way of propagating
geophytes or recalcitrant plants. Several successful
regeneration protocols for different Fritillaria
species has been reported [8-14] using different
explants like immature/mature embryos, bulblets or
bulbous scales. Immature embryos offers an
alternative and efficient way of propagation of
endemic or endangered plants and successfully
employed for geophytes like Sternbergia
fischeriana [15], Muscari azureum [16], M. mirum
[17] and M. muscarimi [18]. In the present study,
we targeted the use of immature embryo explants in
order to in vitro propagate F. imperialis and F.
persica species followed by rooting and
acclimatization with objective to use protocol for
commercial propagation.

ABSTRACT
In this study in vitro bulblet regeneration
potential of immature zygotic embryo explants of
Fritillaria imperialis L. and F. persica L. were
investigated. Explants were cultured on Murashige
and Skoog¶V 06  PHGLD supplemented with 0.251.0 mg/l thidiazuron (TDZ), 0.25-0.5 mg/l Įnaphthalene acetic acid (NAA), 1.0-4.0 mg/l 6benzylaminopurine (BAP) and 0.5-2.0 mg/l kinetin
(kin). Multiple bulblet regeneration from all culture
media was recorded after 14 months of culture. The
highest bulblet regeneration frequency was
recorded on media containing TDZ and NAA
combinations from F. imperialis. Maximum
bulblets per explants from F. imperialis and F.
persica were attained on media containing BAP and
NAA, kinetin and NAA or TDZ-NAA respectively.
Bulblets subjected to hardening showed longer
roots of 8.19 cm in a medium containing agar and
activated charcoal (AC) cultured at 23 qC and
higher number of roots per bulblet in a medium
solidified with gelrite. Rooted bulblets were directly
transferred to pots and cultured under greenhouse
conditions where plants developed new foliage and
roots, and acclimatized successfully.

KEY WORDS:
Crown
imperial,
Persian
micropropagation, bulblets

lily,

geophytes,

INTRODUCTION
Genus Fritillaria (Liliaceae) is an important
geophyte of Europe and Middle East [1] including
Turkey [2]. It has almost 100 species that show
wide distribution in different climatic regions that
ranged from Southern Europe to Middle East. Most
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and TDZ were added to culture medium prior
to sterilization whereas, filter sterilized Kinetin was
added after sterilization. All media were autoclaved
at 118 kPa atmospheric pressure and 121 °C for 20
min. All cultures were kept at 24 °C with a 16 h
photoperiod provided with cool fluorescent lamps.
Data regarding frequency of bulblet regeneration,
bulblets per explants and bulblet size were recorded
after 14 months.
For hardening of in vitro regenerated bulblets,
bulblets of F. persica (Siverek), they were cultured
on MS medium containing 2.0% sucrose and
solidified with agar (0.65%) or gelrite (0.25%)
alone or in combination with 5 g/l activated
charcoal (AC). They were then placed at different
temperatures of 4, 16 and 23 °C. After 9 months of
culture, data regarding rooting frequency, root
length and number of roots were recorded and
analysed statistically. For acclimatization, rooted
bulblets were transferred to pots containing sterile
peat moss, vermiculite, sand and perlite (2:1:1:1)
and covered with polyethylene bags for 1-2 weeks.
Pots were watered every 3 days in order to keep the
moisture level at optimum conditions.

MATERIALS AND METHODS
Immature fruits of F. imperialis and F. persica
(originated from Mersin or Siverek provinces of
Turkey) were collected from experimental field trial
area of Department of Field Crops, Faculty of
Agriculture, Ankara University in May. Fruits
containing immature embryos were surface
sterilized with 80% commercial bleach for 20 min
followed by 3 times rinsing with sterile top water.
Following surface-sterilization seeds were squeezed
gently using forceps until the immature zygotic
embryos (approximately 1-2 mm in length) were
released. Isolated Immature embryo explants of all
Fritillaria species were then cultured on Murashige
DQG 6NRRJ¶V 06  PHGLXP supplemented with
0.25-1.0 mg/l thidiazuron (TDZ) and 0.5 mg/l Įnaphthalene acetic acid (NAA) (Table 1), 1.0-4.0
mg/l 6-benzylaminopurine (BAP) and 0.25-0.5 mg/l
NAA (Table 2) or 0.5-2.0 mg/l kinetin (kin) and 00.5 mg/l NAA (Table 3). All regeneration media
used in the study were based on MS medium
supplemented with 3% sucrose and 0.65% agar.
The pH of all the media were adjusted to ~5.8. BA

TABLE 1
Effects of different concentrations of TDZ-NAA on bulblet regeneration in F. imperialis and F. persica.
Bulblet regeneration (%)
TDZ
(mg/l)

NAA
(mg/l)

F.
imperialis

F.
persica
(Siverek)

F.
persica
(Mersin)

Bulblets per explant
F.
imperialis

F.
persica
(Siverek)

F.
persica
(Mersin)

Bulblet size (mm)
F.
imperialis

F.
persica
(Siverek)

F.
persica
(Mersin)

0.25
47.5 b1
52.5 abc1
45.0ns
5.12 ab2
6.66 ab2
20.23 b2
4.02 a1
5.29 a2
5.300ns
0.25
0.5
45.0 b
47.5 bc
47.5
4.78 ab
10.19 a
28.93 a
3.37 ab
5.03 ab
4.83
0.5
52.5 b
37.5 c
45.0
7.12 a
7.96 ab
22.18 b
3.26 b
5.22 ab
5.12
0.5
0.5
95.0 a
72.5 a
40.0
7.22 a
3.96 b
30.85 a
3.72 ab
4.36 ab
4.59
1
85.0 a
50.0 bc
47.5
3.95 b
5.64 ab
20.20 b
3.95 ab
3.90 b
5.29
1
0.5
85.0 a
62.5 ab
45.0
5.92 ab
7.64 ab
19.02 b
4.15 a
5.02 ab
4.88
Each value is the mean of 4 replications with 10 explants; Values within a column followed by different letters are significantly different at
the 0.01 (1) and 0.05 (2) level; ns: not significant

TABLE 2
Effects of different concentrations of BAP-NAA on bulblet regeneration in F. imperialis and F. persica.
Bulblet regeneration (%)
BAP
(mg/l)

NAA
(mg/l)

F.
imperialis

F. persica
(Siverek)

F.
persica
(Mersin)

Bulblets per explant
F.
imperialis

F. persica
(Siverek)

F.
persica
(Mersin)

Bulblet size (mm)
F.
imperialis

F. persica
(Siverek)

F.
persica
(Mersin)

1
72.5 a1
20.0 cd1
12.5 a1
4.81 ab1
5.33ns
17.50 a2
5.88 a1
5.15ns
3.90 a2
1
0.25
70.0 a
45.0 ab
2.5 b
4.07 abc
10.03
7.50 ab
5.46 ab
4.58
2.87 ab
1
0.5
65.0 ab
37.5 abc
0.0 b
7.16 a
9.87
0.00 b
6.06 a
4.95
0.00 b
2
67.5 ab
45.0 ab
0.0 b
3.67 bcd
10.90
2.50 b
4.96 ab
5.18
2.00 b
2
0.25
17.5 cd
52.5 a
0.0 b
3.67 bcd
8.09
0.00 b
6.04 a
5.38
0.00 b
2
0.5
42.5 bc
25.0 bcd
0.0 b
5.82 ab
7.12
0.00 b
3.51 b
3.74
0.00 b
4
17.5 cd
10.0 d
0.0 b
0.79 de
9.12
0.00 b
1.46 c
4.05
0.00 b
4
0.25
5.0 d
27.5 bcd
0.0 b
1.12 cde
7.99
0.00 b
0.98 c
4.28
0.00 b
4
0.5
0.0 d
25.0 bcd
0.0 b
0.00 e
7.99
0.00 b
0.00 c
4.85
0.00 b
Each value is the mean of 4 replications with 10 explants; Values within a column followed by different letters are significantly different at
the 0.01 (1) and 0.05 (2) level; ns: not significant
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TABLE 3
Effects of different concentrations of kinetin-NAA on bulblet regeneration in F. imperialis and F. persica

Kinetin
(mg/l)
5
0.5
1
1
2
2

NAA
(mg/l)

Bulblet regeneration (%)

Bulblets per explant

F.
imperial
is

F.
persica

F.
persica

(Siverek)

(Mersin)

1

1

0.5
0.5
0.5

87.5 a
87.5 a
82.5 a
62.5 b
57.5 c
40.0 c

F.
persica

F.
persica

(Siverek)

(Mersin)

F.
imperial
is

1

1

22.5 b
50.0 a
22.5 b
32.5 b
15.0 b
22.5 b

2

30.0 bc
72.5 a
30.0 bc
52.5 ab
20.0 c
50.0 b

6.04 ab
5.20 abc
3.58 cd
6.79 a
4.25 bcd
2.25 d

7.56 b
8.05 ab
11.12 ab
11.75 ab
12.62 a
12.50 a

Bulblet size (mm)

ns

11.41
17.55
12.72
19.72
20.31
18.72

F.
imperial
is
1

6.18 a
4.66 b
5.07 ab
5.28 ab
4.35 b
2.57 c

F.
persica

F.
persica

(Siverek)

(Mersin)

ns

5.96
6.02
6.57
7.72
6.56
7.20

4.69 ab2
4.16 ab
5.19 a
3.94 ab
3.06 b
4.18 ab

Each value is the mean of 4 replications with 10 explants; Values within a column followed by different letters
are significantly different at the 0.01 (1) and 0.05 (2) level; ns: not significant
TABLE 4
Effects of gelling agents, activated charcoal and temperature on hardening of F. persica (Siverek)
Temperature +Gelling
4  C

16  C

23  C

A
A
A
A+AC
A+AC
A+AC
G
G
G
G+AC
G+AC
G+AC

Rooting
frequency (%)

Root length
(cm)

Number
of roots

100ns
100
91.7
91.7
100
91.7
93.3
83.3
83.3
100
100
91.7

2.13 d
2.65 cd
1.71 d
5.79 abc
7.00 ab
8.19 a
2.49 cd
2.62 cd
2.62 cd
5.17 abcd
6.37 ab
3.76 bcd

4.83 b
7.25 ab
4.94 b
5.58 ab
7.92 ab
8.94 ab
5.22 ab
9.75 a
8.17 ab
6.67 ab
8.27 ab
7.22 ab

Each value is the mean of 4 replications with 10 explants; Values within a column followed by different letters
are significantly different at 0.05 level; ns: not significant; A=agar; G= gelrite; AC= activated charcoal

Fritillaria species or PGRs type and concentration
(Fig. 1a and c) followed by bulblet induction after
10 months of culture. These explants were further
awaited in the culture medium for increasing the
bulblet regeneration and bulblet size (Fig. 1b and
d). Results regarding frequency of bulblet
regeneration, bulblets per explants and bulblet size
were recorded and subjected to statistical analysis
after 14 months of culture.
Data regarding efficacy of TDZ-NAA on in
vitro bulblet formation in all Fritillaria species is
presented in Table 1. Results clearly revealed the
importance of TDZ-NAA on bulblet regeneration
IUHTXHQF\ S  LQ F. imperialis and F. persica
(Siverek). Contrarily, F. persica (Mersin) showed
insignificant effects of TDZ-NAA on bulblet
regeneration frequency and bulblet size.

Each treatment had four replicates containing
10 explants for bulblet regeneration and three
replicates with 4 explants for bulblet maturation and
hardening
experiments.
Significance
was
determined by analysis of variance (ANOVA) and
the differences between means were compared by
'XQFDQ¶V PXOWLSOH UDQJH WHVW All given data
presented in percentages were arranged to arcsine
transformation [19].
RESULTS
The present study emphasized the successful
use of immature embryos for multiple bulblet
regeneration from Fritillaria species. Response of
immature embryo explants from Fritillaria species
was variable when subjected to different PGRs.
Multiple shoot induction was recorded after 5-6
months of culture initiation irrespective of
2797



© by PSP

Volume 25 ± No. 8/2016, pages 2795-2802

Fresenius Environmental Bulletin



FIGURE 1
Multiple in vitro bulblet regeneration from immature zygotic embryos of Fritillaria imperialis and F.
persica. (a) Callus Formation and shoot regeneration from F. imperialis embryos on MS medium
containing 0.5 mg/l TDZ and 0.5 mg/l NAA after 5 months of culture. (b) Bulblet formation from F.
imperialis embryos on MS medium containing 0.5 mg/l TDZ after 14 months of culture. (c) Multiple shoot
induction from immature embryo explants of F. persica (Mersin) on MS medium containing 0.5 mg/l Kin
and 0.5 mg/l NAA after 6 months and (d) multiple bulblet induction after 14 months of culture. (e)
Rooting and hardening of in vitro regenerated bulbs of F. persica (Siverek). (f) Well-developed and Rooted
bulblets of F. persica (Siverek). (g) Acclimatized F. persica (Siverek) plants with new foliage development.
imperialis, F. persica (Siverek) and F. persica
(Mersin). Presence of NAA in the culture medium
with TDZ exerted variable effects on shoot
regeneration
behaviour
that
varied
with
concentration and Fritillaria species.
Bulblet regeneration behaviour of all three
Fritillaria species in response to BAP and NAA is
presented in Table 2. Results revealed the
significant effects of BA-NAA on bulblet
UHJHQHUDWLRQ EHKDYLRXU S  RI F. imperialis
and F. persica (Mersin). Contrarily, insignificant
effects of BAP-NAA on number of bulblets per
explant and bulblet size of F. persica (Siverek)

The highest bulblet regeneration frequency for F.
imperialis and F. persica (Siverek) was recorded on
a medium containing 0.5 mg/l TDZ and 0.5 mg/l
NAA. F. imperialis was more responsive to TDZNAA in terms of bulblet regeneration frequency
compared to other species. However, F. persica
(Mersin) regenerated 3 to 4-fold more number of
bulblets per explants compared to other species
(Table 1). Results revealed the need of low TDZ
concentration for inducing larger bulblets of all
three Fritillaria species. Mean bulblet size in
response to TDZ-NAA was recorded as 3.26-4.15,
3.90-5.29 and 4.59-5.30 mm respectively for F.
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greenhouse conditions that found to be
beneficial for plant adaptation and their growth.
During adaptation, old leaves and roots turned
brown and replaced with new foliage development
and root induction (Fig. 1g). A high number of
plants successfully adapted to greenhouse
conditions and continued their growth.

were recorded. F. persica (Mersin) induced bulblets
only on medium containing 1.0 mg/l BAP with or
without 0.25 mg/l NAA that resulted in 12.5%
bulblet regeneration frequency and 17.50 bulblets
per explant with average bulblet size of 3.90 cm.
Contrarily, F. imperialis induced 0-72.5% shoot
regeneration frequency and 0-7.16 bulblets per
explant with the bulblet size ranged from 0.98 to
6.06 mm. Maximum number of bulblets per explant
(7.16) with the highest bulblet size of 6.06 mm in F.
imperialis was scored on medium containing 1.0
mg/l BAP and 0.5 mg/l NAA. On the other hand,
shoot regeneration frequency, number of bulblets
per explant with bulblet size for F. persica
(Siverek) was recorded as 10.0-52.5%, 5.33-10.90
and 3.74-5.38 mm respectively. Presence of NAA
in the culture medium exerted variable effects on
bulblet regeneration behaviour and varied with
concentration and Fritillaria species.
Results of kin and NAA showed statistically
significant effects on bulblet regeneration frequency
of all Fritillaria species (Table 3). However, kinNAA exerted insignificant effects on bulblets per
explant of F. persica (Mersin) and bulblet size of F.
persica (Siverek). Maximum bulblet regeneration
frequency in all three Fritillaria species was scored
on medium containing 0.5 mg/l kin and 0.5 mg/l
NAA. Comparing species, F. imperialis responded
better than F. persica to kin-NAA and induced
higher shoot regeneration frequency irrespective of
concentration. Number of shoots per explants was
recorded 2.25-6.79 for F. imperialis, 7.56-12.62 for
F. persica (Siverek) and 11.41-20.31 for F. persica
(Mersin). Comparing species, F. persica (Mersin)
and F. imperialis was the most and the least
responsive respectively in order to generate more
number of bulblets per explants irrespective of
kinetin and NAA concentrations. Mean bulblet size
ranged 2.57-6.18 mm for F. imperialis, 5.96-7.72
mm for F. persica (Siverek) and 3.06-5.19 mm for
F. persica (Mersin). Presence or absence of NAA in
the culture medium with kin responded variably to
shoot regeneration behaviour that also varied with
concentration and species.
For hardening of F. persica (Siverek) bulblets,
different gelling agents alone or in combination
with AC at different temperatures were employed
(Fig 1e). Gelrite alone was more suitable for
inducing higher number of roots. Inclusion of AC
exerted variable effects with different gelling agents
and induced higher number of long roots.
Maximum root length of 8.19 cm was scored on a
medium containing agar and AC cultured at 23 qC
(Table 4, Fig.1f). Hardened bulblets were then
transferred to pots containing sterile peat moss,
vermiculite, sand and perlite (2:1:1:1), and covered
with polyethylene bags for 1-2 weeks for
acclimatization
in
growth
room.
After
acclimatization plants were transferred to

DISCUSSION
The study presents the successful use of
immature embryos explants for in vitro bulblet
regeneration potential of F. imperialis and F.
persica species by exposing them to three different
cytokinins (TDZ, BA and Kinetin) with or without
different concentrations of NAA. TDZ, BA and
Kinetin are most commonly used cytokinins for
generating bulblets under in vitro conditions either
alone or in combinations with auxins [20-23].
Mature or immature embryos are potent explants
for bulblet induction of many geophytes [13, 15, 17,
18, 23, 24] especially for endemic [25] or
endangered [8, 13, 26] bulbous species. The
possible reason for preferring immature embryos is
the presence of actively divided meristem regions in
the embryos that response better to PGRs [18, 27]
than other explants.
Bulblets from immature embryos were
attained through indirect organogenesis irrespective
of PGRs type, concentration and Fritillaria species
with relatively longer time to induce callus which
later on turned into shoot buds and induced shoots.
It is generally reported that in vitro regeneration of
bulbous plants took relatively more time for whole
plant regeneration with increased bulblet size [15,
18, 28]. Results on bulblet regeneration frequency
and bulblets per explants showed the clear
relationship between species and PGRs [29-31].
Although explants response to different PGRs was
species specific, F. persica (Mersin) was least
responsive in terms of bulblet regeneration
frequency to all PGRs used in the study. Karaguzel
et al. [29] also emphasized the relationship between
genotypes, explants and PGRs type and
concentration for in vitro shoot regeneration of
Ornithogalum species.
Results on effects of different PGRs revealed
that all species responded better to TDZ and NAA
concentrations for bulblet regeneration frequency.
TDZ is very potent cytokinin type plant hormone
that is used for the bulblet regeneration of
recalcitrant plants [32] and has been successfully
used for bulblet induction of other geophytes like
Curculigo orchiodes [22], Acampe praemorsa [33],
/LOLXPORQJLÀRUXP [34] and Red Squill [28]. It was
also interesting to note that all species required
relatively higher concentrations of TDZ to induce
higher bulblet regeneration [22]. Contrarily,
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negative effects of TDZ on bulblet regeneration of
S. fischeriana [15], M. aucheri and M. azureum [16,
21] and L. longiflorum [35] has also been reported.
On the other hand, relatively lower concentration of
kinetin was found suitable for inducing higher
bulblet regeneration frequency [22]. Contrarily,
higher kinetin concentration for gaining maximum
bulblet regeneration frequency has been reported by
Thomas and Maseena [36]. Results further revealed
that higher BAP concentration was also detrimental
for inducing maximum bulblet regeneration as
reportHGE\5\EF]\ĔVNLDQG*RPROLĔVND [37] in L.
martagon. Results on bulblets per explants showed
the variable response of PGRs which was also
species specific [38-40].
Presence or absence of NAA with cytokinins
in the culture medium also played a significant role
for bulblet induction frequency and bulblets per
explants [22, 24, 36] but dependant to cytokinin
type, concentration and species. Presence of NAA
with all TDZ or kinetin concentrations exerted
positive and statistically similar effects on bulblet
regeneration frequency irrespective of species type
[31]. Results also revealed the enhanced bulblet
regeneration by the combination of BAP and NAA
[17, 35, 41-44]. &RQWUDULO\ 5\EF]\ĔVNL DQG
*RPROLĔVND [37] reported negative effects of BAP
with NAA on bulblet regeneration of L. martagon.
Use of gelling agents, AC and temperature showed
positive effects on bulblet growth and hardening for
better acclimatization [15, 27]. Results clearly
showed the positive effects of gelling agents on the
growth of bulblets [18, 45]. Gelrite alone was
found more suitable as compared to agar alone [46]
or in combination with AC in the culture medium
[46, 47]. On the other hand, specific requirement of
temperature is also important for bulblet growth and
development and 16 qC was more suitable for
gaining longer roots and more number of roots per
bulblets [14].
Rooting and acclimatization of in vitro grown
bulblets is an important step for successful
regeneration protocol. It is common perception that
in vitro grown bulblets failed to survive under
greenhouse or field conditions due to dormancy,
bulblet size or maturity [45] which exerts negative
effects on plant growth [5] in their immediate
environment. In these conditions, researchers
developed or utilized different techniques like
carbon source [48], basal mediums [49],
temperature [50], phytohormones [28, 42], lighting
system and photoperiod [48] and nitrogenous
compounds [51] in order to increase bulblet size,
hardening, breaking dormancy, rooting and
acclimatization.

CONCLUSIONS
The present study reports the development of
successful in vitro regeneration protocol for
Fritillaria imperialis and F. persica species. In this
study, regeneration potential of immature embryo
explants was successfully checked on MS mediums
provided with different cytokinins alone or in
combination with NAA. After hardening process, in
vitro grown bulblets were directly transferred to
pots for successful acclimatization. In short, the
study emphasized the use of simple, efficient and
repeatable regeneration protocol that can be
employed for other geophytes for their commercial
propagation.
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A common characteristic of buildings in this
climatic zone is the exterior shading through
extended sheltered outdoors and trellises [1]. An
additional characteristic is a massive building
technique. Furthermore, night ventilation strategies
in the summer use the cool external air to decrease
the indoor air temperature, as well as the
WHPSHUDWXUHRIWKHEXLOGLQJ¶VVWUXFWXUH7KHFRROLQJ
efficiency of night ventilation is based on the
difference between indoor and outdoor temperature.
Because of the storage capacity of the building
materials, it takes until evening for the day heat to
penetrate the interior (see for example [2-8]). It can
further be said, that some simplified design tools
for calculating cooling loads and indoor air
temperatures of a building, accounting for thermal
mass effects, do exist in the literature [8].
All of the above appear to have first been
realized many years ago. For example, in the
0HGLWHUUDQHDQ DUHD WKH VLWH RI ³6DVVL GL 0DWHUD´
originated from a prehistoric (troglodyte) settlement
VRPH\HDUVDJR,W³LVDQH[FHSWLRQDOH[DPSOH
of traditional Mediterranean architecture, with its
various building forms and many bioclimatic
V\VWHPV´ >@ $V &DUGLQDOH HW DO >@ VWDWH ³WKHVH
buildings were developed as real bioclimatic
architecture with the limited use of technology
systems. In fact, in their simple construction, they
maximize solar gain during the cold season and
minimize it in the hot season. They achieve this by
using a huge thermal mass as a cooler in summer
and as a heDWHU LQ ZLQWHU´ )XUWKHUPRUH 6DQWRULQL
[10] and Knossos in Greece are excellent examples
of thermal storage and thermal inertia building
philosophy, as well as of sun protection and natural
cooling strategies, dating back to the 15th century
BC. The same building tradition is evident through
the Byzantine era too and can be observed in
houses, palaces and churches [11]. However,
thermal mass strategies and natural cooling
methods are missing in contemporary Greek
constructions. Taking into consideration that only 3%
of buildings in Greece have been constructed after
1981 (when heat insulation regulations were put
into effect), it can be concluded that the limited
application of insulation in the majority of

ABSTRACT
The aim of this study is the analysis of a
summer residence in Chalkidiki, Greece, designed
and constructed according to bioclimatic principles.
For example the effective sun protection in the
summer, the natural vertical ventilation, the
adequate external thermal insulation ensuring a
breathing shell, as well as the usage of highthermal-mass materials indoors. The result is a
natural cool environment in the hot months. Stateof-the-art tools (RadTherm©) and measurements
were used to this end. The main data account for
the properties and features of building materials and
the local micro-climate. Temperature and wind
velocity sensors were placed both inside and
outside the building for ten consecutive summer
days, in order to verify the simulation results. The
results show a satisfactory prediction of the indoor
conditions. Subsequently, a scenario, in which
ecological building materials, openings, and sun
shades were replaced with conventional ones, was
simulated. The comparison of the two structures
suggested that the bioclimatic design leads to a
significant reduction of the indoor temperature up
WRÛ&

KEYWORDS:
architectural design; measurements; thermal analysis;
building physics; Mediterranean

INTRODUCTION
The climate is one of the essential factors that
determines the form and character of architecture.
The main characteristics of mild, temperate,
Mediterranean climate (as in Greece) are prolonged
sunshine in the winter and hot dry summers with
significant temperature drop in the night. Buildings
can be heated up to a high percentage by the sun in
the winter and maintain a cool interior in the
summer without air-conditioning.
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Mediterranean residence by short-term
temperature and wind measurements during August
2013. The residence is designed and constructed
according to bioclimatic principles. Some of them
are the effective sun protection, the natural vertical
ventilation, the adequate external thermal insulation
(ensuring a breathing shell) as well as the usage of
high-thermal-mass materials indoors. The second is
to evaluate the use of a thermal analysis software 5DG7KHUP E\ 7KHUPRDQDO\WLFV ± as a tool for
computer-aided engineering (CAE) of related cases.
$IWHU HVWDEOLVKLQJ WKH VRIWZDUH¶V YDOLGLW\ DQ
additional scenario is presented where the
ecological building materials, openings, and
sunshades are substituted with conventional ones.
The comparison of the two structures focuses to
reveal the major role these features play by
controlling the indoor temperature and thus
providing a more comfortable indoor environment.

residences causes significant energy losses in
Greece [12].
Energy loss has become an issue of global
concern. Therefore, a switch to a bioclimatic
architecture, based on the wisdom and forethought
of the past combined with sophisticated technology
of the present, turns out to be imperative. A
bioclimatic building is economically efficient
consuming less energy than a conventional one. Its
construction does not have any additional costs in
comparison to a conventional one ± this is based on
WKH DXWKRU¶V H[SHULHQFH 7KH HQHUJ\ HIILFLHQF\
comes out as the result of a thoughtful design,
which takes into account all local climatic
conditions. The way a bioclimatic building is
expected to be a major determinant of energy
efficiency. When users fail to maintain systems,
close openings or use tents and drapes, energy
savings are not realized [12].
Insulating a building alone, is clearly not the
answer. It has been shown by many researchers that,
in the Mediterranean climate, an extremely
insulated building is usually inefficient and in need
of artificial air conditioning to ensure adequate
comfort conditions during summertime [13]. Also,
heat gain caused by appliances, people, and solar
radiation through transparent surfaces quickly
makes the temperature rise inside the envelope.
This heat is not easily dissipable without a
substantial mass that can absorb and store it [14].
All in all, the homologation of building design
strategies at European level should be avoided.
Different strategies are required for different
climates in order to obtain the best results in energy
savings [15]. As Mingozzi et al. (2009) [14] state
the best results come from dynamic simulations that
really appear indispensable to analyze the thermal
behavior of bioclimatic buildings.
There are two aims in this study. The first
objective is the thermal analysis of a summer

MATERIALS AND METHODS
The residence is located in Chalkidiki, Greece
(39°55'33"N 23°35'15"E), next to the settlement of
Loutra (Kassandra peninsula). The climate of the
area is classified as Csa type according to KöppenGeiger classification, representing Mediterranean
FOLPDWH ZLWK ³YHU\ KRW DQG GU\ VXmmers and mild
ZLQWHUV´ 7KH EXLOGLQJ FRQVLVWV RI  VWXGLRV  54 m2 each. It is on a 500 m2 sloping site next to the
seaside, and in a rocky environment with high pine
trees in the vicinity. The architectural design drew
on sources of the local tradition pertinent to the way
of living, as large sheltered outdoor rooms, or
spacious trellised verandas, translated into the
contemporary language and technology. A view of
the outside and the inside of the building is shown
in Figure 1.

FIGURE 1
Outside (left) and inside (right) of the building
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indoors is made of ceramic tiles to serve the
same purpose. All these materials act as a heat sink
to stabilize the room temperature. The supporting
concrete walls are provided with efficient external
wood wool insulation minimizing heat losses and
condensation. The roof is timber, ventilated, with
wood wool and vapor insulation, which allows the
structure to breathe. Double glazing windows with
jute insulated joints and thermal insulated frames,
ensure thermal comfort. Thermal bridges have been
eliminated. A loft floor (see Figure 1 right) situated
in the NE part of the interior of each studio, is made
partially of metal net to enable hot air masses to
move upwards. Staircase enables this movement as
well.
In the building components, heavy thermal
masses are means of regulating indoor temperature
and reduce temperature fluctuations. During the hot
daytime, they store energy and also delay ± ³WLPH
ODJ´ - the indoor temperature increase. Contrary,
during the cooler nighttime they release energy and
prevent the fast drop of inner temperature. Thus,
thermal masses contribute, especially during the
summer, to the control of thermal comfort without
mechanical cooling systems. Natural ventilation is
enhanced by the significant thermal mass of the
vertical and horizontal building components and by
the manual operation of the windows. In addition,
the position of the openings, combined with the
external
shading
structure,
promote
the
development of both cross and vertical ventilation
which achieves the admittance of fresh and cool air
and the exhaust of heat. For example, cool air

The main concept was to bring nature into the
interior. So, the dominant sound of the waves flows
to the inside of the studios through a complete
southwestern opening. The building was thought as
DQRUJDQLVPZKLFK³JUHZ´RQWKHVLWHDVSDUWRIWKH
natural environment. The access areas at the NE
side (see Figure 2) have small openings to ensure
sufficient insulation and protect from the cool
winter winds. Bathrooms are positioned at this area
as an additional buffer zone in aspects of thermal
protection. On the other hand, these small openings,
do allow the mountain summer breeze to come in
and cool the interior. The SW elevation has a
complete opening to the winter sun for direct
thermal gain. The building envelope is well
protected from overheating in the summer through
sheltered, thermal insulated doors, timber trellises
with climbing plants and vertical movable roll tops
made of canvas.
Local and natural materials were adopted to
keep a low embodied energy and to feel the
QDWXUH¶VFRQWLQXLW\LQWRWKHFRQVWUXFWHGVSDFHVWRQH
pine wood, plaster and paints of natural soil, sand
and stones. The ecological properties of the
materials ensure a healthy living environment and a
breathable shell, responding to the local climatic
conditions.
The supporting skeleton structure is reinforced
concrete. The filling walls are 45 cm thick and are
made of 30 cm thermo-blocks for thermal
insulation and of 9 cm massive bricks inside for
increased thermal mass. The separating walls in
between the studios are 45 cm thick as well, made
of bricks, for thermal mass reasons. Floor covering

TABLE 1
Properties of materials and building components [16]
Name

Plaster
Concrete
Ceramic tile
Roof tile
Thermoblock
Clay Brick
Wood wool
Timber

Density
[kg m-3]

2000
2400
2000
2000
940
794
570
800

Specific
heat
capacity
[J kg-1 K-1]
1100
1000
840
800
1000
1000
1470
1600

Thermal
Conductivity
[W m-1 K-1]
1.4
2.5
1.84
1.0
0.26
0.35
0.15
0.21

Building Components* - Thickness [10-3 m]
Roof Window Column Wall Floor
Wall
Ext.
Int.
1&4

25
400

1&4

25

3

1

25
250
3
100

1&5

25

2

1

20
2

280
140

3
2

150
4
40
& 6130

2

30

2&4

140
100

3

1&3
Glass pane+
2500
750
1.0
3
Stonewool
70
840
0.038
5
Hessian cloth
200
1300
0.06
30
3
2
Air
0.130
30
6
*
Building components consist of layers. Superscript of each material denotes position of this layer starting from
outside towards inside of the component
+
8 mm thick, 0.08 reflectance, 0.88 transmittance
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enters the building, via clerestories, which is then
released to the ambient through high-level openings,
where hot air is gathered - ³VWDFN HIIHFW´ 0RUH
information on the building components and
materials are presented in Table 1.
There are five studios in each of the three
floors. The top left studio (designated as 1 in Figure
2), was selected for the analysis. However, in the
interest of achieving the best possible results in
terms of accuracy, it was considered critical that the
adjacent studio (No 2 in Figure 2) is included in the
simulation, as well as the ones found below them
on the first floor. Thus, the studio in question was
discretized, whereas the rest were simply included
in the simulation as passive volumes so as to
provide a clearer view regarding shading and
ventilation.

measurements in the form of pulses and can
record up to 16,000 measurements. The measuring
period, set by the user, ranges from 1 second to 24
hours. The calibration equation to convert pulses
into wind speed was obtained experimentally in a
previous study by Alecou and Hatziliassis [18]. The
sensors were checked in a calibrated wind tunnel
facility, and the uncertainty was better than 0.5 m/s.
For both temperature and wind sensors the
recording period was 10 minutes, and after
processing, the hourly average values were
computed. There were two temperature and windspeed recorders placed inside the studio, one in the
main room, and the other in the loft. Two more
recorders were placed, outside the residence, one in
the southwest (SW) facade and the other in the
northeast (NE) facade.
Thermal analysis software. A special
VRIWZDUH QDPHG 5DG7KHUP  was used to
carry out the computational thermal analysis for the
residence in question. This is a professional thermal
modeling tool intended for comprehensive heat
management design and analysis. This particular
software was chosen as it excels in speed, accuracy,
and flexibility. Natural environments are supported
through weather data inputs and solar loading based
on global position [17].
More specifically RadTherm solves the energy
balance equation for convection, conduction and
radiation based on a Crank-Nicholson implicit
finite-difference method. All building components
are discretized using hexahedral elements. Finally,
the temperature distribution is determined for each
node (element). The numerical solver is employing
mainly an adaptive Successive Over-Relaxation
(SOR) method. Furthermore, it supports the ability
to perceive solar radiation, not only as direct but
also, as diffuse and reflected, leading to more
accurate results. These calculations apply the netradiation equation based on node emissivity,
surface area and, the view factor from element to
element and, of course, the temperature of each
element.
The view factors are computed using a voxelbased ray tracing algorithm, and the number of
traced rays is in the range for 512 to 250,000. For
the convective heat transfer, both natural and forced,
a time-dependent convection coefficient is
calculated for each fluid element in contact with the
solid element. The coefficients are based on the
induced fluid motion. Thus in the case of wind, a
weather file is constructed and the software utilizes
regional wind speed and direction, and global solar
irradiation to calculate convection based on the
orientation of each element. Unfortunately, no more
technical information is available, and this could be
considered one of the weak points of the specific
tool.

FIGURE 2
Top view and 3D geometry of the house.

Field measurements. Temperature and wind
velocity sensors were placed both inside and
outside the studio for ten consecutive summer days
(29 July ± 9 August 2013). The data gathered were
used for the thermal analysis of the building and the
evaluation of the software. The MadgeTechTransi
Temp-RH sensors were used in this study to record
the indoor and outdoor temperature and relative
humidity. The on-board data logger can record up
to 8191 measurements, in a measuring period set by
the user, from 5 seconds up to 30 minutes. The
temperature uncertainty was better than 0.1 K
(temperature sensors were checked vs a Tinsley
Platinum Resistance Class I Thermometer). Cuptype anemometers (MadgeTech, Inc.) and the
MadgeTechPulse101 data loggers were employed
to record the wind speed. These data loggers record
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elements are discretized following the
suggestions of the software. The solution was
checked to be grid and time independent. The first
two days have been used to assure a periodic steady
state.

Inputs. The course that was followed
comprises the following steps. First of all, the
geometry of the house was created in a threedimensional (3D) form and discretized using a
CAD software. It was then imported into RadTherm
as a .dxf file. The orientation of the house was
specified using the compass point command. A 3D
view of the imported geometry of the house is
shown in Figure 2. In total 9,088 elements were
used to discretize properly the residence. The final
mesh is a result of subsequent simulations with
different element sizes to the point that no
significant deviations were noted. The software
features a wide variety of commonly used building
materials and their properties. However, it was
considered more prudent to create a list of materials
with property values more responsive to Greek data.
These are presented in Table 1 [16].
The house was designed in a CAD (computer
aided design) software as 3D surfaces of zero
thickness. After importing the geometry into
RadTherm, it was crucial to define the layers of
each surface, the materials of which they consist
and their thickness. Furthermore, it was essential to
specify the type of surface, the initial temperature,
type of convection and the air of the room it comes
into contact with, for the outer and inner layer. The
types of convection selected for the simulation
model were: wind convection for the external, and
heat transfer coefficient in combination with a fluid
(air) temperature for the inner layer.
Subsequently, the geographical features
(latitude, longitude, time zone, and elevation from
sea level) of the area, where the house is located,
were specified. Following, came the import of the
weather file (a simple fixed column ASCII format
file). This file contains the ambient air temperature,
the solar irradiance, wind speed, relative humidity
percentage, cloud coverage in tenths, long wave
infrared radiation, wind direction from North to
East, and rate of rainfall. Values for the ambient
temperature, wind speed, and relative humidity
were taken from our measurements. Whereas the
rest were estimated using a mesoscale diagnostic
meteorological model (CalMet by Environmental
Protection Agency US) initialized using MM5 input
data (by Lakes Environmental Canada). The initial
temperature distribution is taken uniform across the
whole wall. Heat transfer coefficients were
determined from correlations. Solar radiation per
hour is calculated using clear-sky model adjusted to
account for local weather conditions. The latter
were based on assimilated weather forecast from
operational mesoscale models for the study location,
details in [18]. The aerosols effect for the location
has been considered negligible. The direct solar
radiation component is calculated for each wall
taking into consideration the sun location and wall
orientation. The problem is solved base on a control
volume finite-difference method. All building

RESULTS
Simulations
and
comparison
with
measurements. Cooling of the building was
introduced as part of the simulation. During the
night, full natural vertical and cross ventilation was
introduced, whereas during the day only the
minimum permitted (one full change of room air
per hour). The results extracted from this simulation
are presented in Figures 3-5. Results for the last 24
hours provide a clearer view as Figures 4 and 5
illustrate. The predicted by RadTherm indoor air
temperature based on the measured outdoor air
temperature for ten consecutive days is shown in
Figure 3. It can be seen that equilibrium has been
attained, after the first 24 hours.
Figure 4 is a detail of Figure 3; it shows the
predicted indoor air temperature for the last 24
hours. Additionally, the main and loft indoor air
temperatures are also included. The following can
be noted:
The indoor meters return a temperature higher
than the outdoor by 1-2°C from 217 to 229 hrs
(20.00-08.00) and lower by 2-4°C or equal, from
230 to 241 hrs (09.00-20.00). The predicted
temperature obtained from the software follows the
same pattern as the ones from the meters. They
strictly adhere to the measurements from 229 to 234
hrs while maintaining a divergence of 0.5-2°C on
the remaining time intervals.
The indoor air temperature does not exceed
29°C according to the measurements except for
233-234 hrs (12.00-13.00) while at night it is
maintained at 25°C.
Figure 5 shows the predicted by RadTherm
temperature of the NE facade along with the
predicted indoor, measured outdoor and outdoor
NE air temperature. It can be observed that:
The measured outdoor NE curve introduces a
peak of 38°C in 231 hours (10.00) when the sun
directly hits this facade. The measured outdoor air
curve is, in fact, the outdoor temperature measured
in the shade, and thus the peak appears at a
distinctly lower value (34°C) with a delay of 2
hours.
The predicted NE facade temperature of the
building follows the same pattern. It ascends to a
maximum of 34.5°C in 234 hours (13.00) with a
delay of 3 hours.
The predicted indoor air temperature comes up
to 31°C with a delay of 4 hours and does not exceed
this value. Therefore, it appears that the huge
thermal mass, small openings in the NE facade and
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FIGURE 3
Predicted indoor air temperature and measured outdoor air temperature for ten days

FIGURE 4
Predicted indoor air temperature with measured outdoor, main and loft indoor air temperature for the
last 24 hours
storage capacity of the materials used prevent the
heat from penetrating the interior.

From the figures above, it appears that the
simulation works quite satisfactorily calculate
temperatures that are confirmed by measurements.
substituted the inclined trellises, the loft was
transformed into a room separated from the rest of
the house by a wall, and conventional building
materials with single polyurethane insulation were
used. Furthermore, single brick walls were
employed for the walls between studios; the roof
was constructed in a conventional way with a single
polyurethane insulation layer, without an air gap or
wood
wool.

If conventional building materials were
employed. Previous paragraph confirmed that the
selected software can simulate the thermal behavior
of the building and to predict indoor temperatures.
Then, it was thought interesting to examine the
EXLOGLQJ¶V WKHUPDO EHKDYLRU LI FRQYHQWLRQDO
materials and techniques, had been employed.
Hence the house was remodeled: the special NE
wind openings were removed, horizontal ones
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FIGURE 5
The predicted temperature for the NE façade of the house with predicted indoor air temperature and
measured outdoor air temperature for the last 24 hour


FIGURE 6
Predicted indoor air temperature with measured outdoor air temperature for bioclimatic and
conventional design for ten days

FIGURE 7
Predicted indoor air temperature with measured outdoor air temperature for bioclimatic and
conventional design for the last 24 hours
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FIGURE 8
Temperature (in degrees C) distribution for bioclimatic design (left) and for conventional design (right).

Continuous natural ventilation (1 full change
of room air per hour) was introduced throughout
day and night. The results from this simulation
compared to the previous ones are presented in
Figures 6 and 7. Figure 6 shows the results for the
ten consecutive days, whereas, in Figure 7, results
for the last 24 hours are shown. The following were
observed:
Equilibrium for the conventional construction
has only been reached after six days (about 150
hours).
Once equilibrium is reached, the indoor air
temperature for the conventional construction
ranges from 30 to 35°C. About 5-6°C higher than
that attained by the bioclimatic construction (shown
DV³SUHGLFWHGLQGRRUDLU´ 
Specifically, in Figure 7, where the results for
the last 24 hours are shown, the predicted indoor air
temperature for the conventional construction (with
continuous natural ventilation throughout the whole
day and) is higher than the predicted one for the
bioclimatic by up to 6°C.
Finally, Figure 8, extracted from the two
VLPXODWLRQV SUHVHQWV WKH VKHOO¶V WHPSHUDWXUH
distribution for the two types of construction,
bioclimatic and conventional. The lower
temperature attained by the bioclimatic construction
is clear.

inside and the effective insulation outside, b)
appropriate openings, c) exterior shading with the
use of night ventilation strategy, and d) the
employment of ecological and ³EUHDWKLQJ´
materials. In other words, a bioclimatic building.
The latter has been confirmed using both
measurements and simulationsThe dynamic
simulation was carried out using RadTherm, which
proved to be working quite satisfactorily in this
case. The predicted temperatures were corroborated
by in situ measurements. After the successful
validation of the software, an additional scenario
was examined for the same building designed
conventionally. In other words, without the
bioclimatic additions, in order to compare the two
types of constructions. The predicted indoor
temperature in the bioclimatic building proved to be
up to 6°C lower than that of the conventional
construction.
In the future, it would be interesting to
perform more detailed simulations by coupling
RadTherm with computational fluid dynamics
(CFD) software. Thus, outdoor airflow and
especially indoor ventilation could be explicitly
modeled rather than using fixed values or
simplified approaches. Eventually, the new
simulations will help improve the design of the
openings and in-house layout.

DISCUSSION AND CONCLUSIONS
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CARBON AND NITROGEN LEACHING IN LONG-TERM
EXPERIMENTS AND DOC/N-NO3- RATIO IN DRAINAGE
WATER AS AN INDICATOR OF DENITRIFICATION
POTENTIAL IN DIFFERENT FERTILIZATION AND CROP
ROTATION SYSTEMS
Tomasz Sosulski, Ewa Szara, Wojciech Stepien, Magdalena Szymanska, Monika Borowska-Komenda
Department of Soil Environment Science, Warsaw University of Life Sciences-SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland

ABSTRACT

INTRODUCTION

The paper presents the results of a two-year
study (2012 and 2013) on the levels of DOC and
N-NO3- in drainage water in long-term fertilization
experiments (since 1923) in Skierniewice, central
Poland. The study was conducted within three
different systems of fertilization: mineral, mineralorganic and organic. On average, the highest
concentration of DOC in drainage water was found
in the organic fertilization system, lower in the
mineral-organic, and the lowest in the mineral
fertilization system. By contrast, the concentration
of N-NO3- in drainage water was found to be higher
in the mineral-organic system than in the organic
and mineral fertilization systems. The highest
concentration and leaching of N-NO3- in drainage
water was found to occur in early spring. Nitrogen
losses through leaching ranged from approx. 8 to 15
kg N/ha in the mineral fertilization system, and
from approx. 21 to 38 kg N/ha in the mineralorganic system, and were higher in the year with
greater total precipitation. In the organic
fertilization system, by comparison, those losses
were similar in both years of the study and
amounted to approx. 22 kg N/ha. During the period
of the most intense leaching of nitrogen from the
soil, the flux of N-NO3- was accompanied by
insufficient amounts of DOC necessary for highly
effective denitrification. The ratio DOC/N-NO3- in
drainage water during the intense leaching of
nitrates indicated that approx. 38.5% of the N-NO3load in the mineral system, approx. 27.1% in the
mineral-organic system, and approx. 40.6% in the
organic fertilization system could potentially have
undergone denitrification. This means that approx.
60-70% of the nitrogen washed out from
agricultural fields can permanently contaminate the
hydrosphere.

Agricultural soils are a source of pollution of
surface waters and groundwater with nitrogen
compounds [12]. Nitrogen losses from arable soils
to surface and ground waters are on average from a
few up to approx. 40 kg N/ha [21, 27], but in
different soil and agricultural conditions ranged
from 6,5 to even 89,1 kg N/ha [4]. The primary
cause of the contamination of groundwater with
N-NO3- is the under-utilization of nitrogen in
agricultural production [40]. The important factors
affecting the amount of NO3- leaching from the soil
include the amount and distribution of precipitation
[23], soil texture [3], and the dose of nitrogen in
commercial and organic fertilizers [21, 22, 24].
Therefore, in the pedo-climatic and agrotechnical
conditions of Poland, the N-NO3- content in shallow
groundwater varies and ranges from approx. 0.01 to
166 mg/L [17].
Biological denitrification, besides vegetative
uptake, is one of the most effective ways of
removing NO3- from groundwater [15, 35, 38].
Organic compounds are used to provide
denitrification agents with electrons and energy [7,
41]. A near complete removal of excess NO3- from
waters treated using the biological denitrification
method is possible at a C/N ratio of approx. 1.6
[10]. Her and Huang [16], while testing different
organic compounds: methanol, acetic acid, glucose,
benzoic acid, found that near complete
denitrification of N-NO3- occurs at a C/N-NO3- ratio
of 0.9/1, 1.9/1, 2.0/1 and 3.0/1, respectively, and
that
increasing this ratio also increased the
efficiency of denitrification. The presence of
insufficient amounts of soluble carbon compounds
(DOC) accompanying the flux of nitrogen
compounds from agricultural soils into the
hydrosphere reduces the intensity of the biological
denitrification process. While the impact of
different fertilization on the DOC content in the soil
is well documented in the literature [36], the
leaching of carbon from soils is poorly recognized
[20]. Fertilization with manure increases the

KEYWORDS:
N leaching, drainage
denitrification potential

water

DOC/N-NO3-

ratio,
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kg P (triple superphosphate) and 91 kg K/ha
(potassium chloride 50%). Lime was applied every
four years (1.6 Mg CaO/ha) in the field with A
rotations and every five years (2 Mg CaO·ha-1) in
the field with E rotation.
The research was carried out in the years 2012
and 2013. Mustard was grown in experiment A in
2012 and triticale in 2013, in experiment E ± barley
and lupine, respectively (the 2nd and the 3rd year
after manuring),, and in experiment D ± rye. The
lupine cultivated in experiment E was not treated
with nitrogen artificial fertilizers.
In May 2011, drainage systems were installed
to collect drained water from selected plots of longterm experiments: CaNPK (mineral fertilization
system) in experiment A, CaNPK+M (mineralorganic fertilization system) in experiment E and
Ca+M (organic fertilization system) in experiment
D. Each drainage system consists of a perforated
PVC drainage pipe 100 mm in diameter, laid in a
PVC U-profile in the soil at a depth of 120 cm. The
length of the drainage pipe allows the drained water
to be collected over the entire length of plot. The
drained water was collected into graduated vessels
placed in inspection chambers. Because the
installation of drainage systems involved a major
intrusion into the soil environment of the
experimental fields maintained since 1923, it was
decided that the systems would be installed on one
of three or five replicate plots of the selected
treatments in fields A and E, D respectively.
Atmospheric and soil temperatures were
PHDVXUHG E\ WKH ([SHULPHQWDO )LHOG¶V
Meteorological Station. In both years, volume
measurements and sampling of the drained water
were performed at weekly intervals from the
beginning of March until the last week of the year,
except for periods of heavy rainfall when the
drained water was collected every 2-3 days. In
January and February of 2012 and 2013, monitoring
and sampling of the drained water was performed
during periods of thaw. The total number of water
samples analyzed was 97 (49 samples in 2012 and
48 samples in 2013). The collected water samples
were subjected to vacuum filtration using ø 0.45μm
Whatman filters and analyzed to determine the
amounts of DOC, N-NO3-, and N-NH4+. Total
organic carbon (TOC) content in the soil and the
DOC content in drainage water were measured by
using a Thermo Electron-C TOC-500 Shimaidzu.
The amount of mineral nitrogen (N-NO3- and
N-NH4+) was measured using a Skalar San Plus
Analyzer. The soil total nitrogen (TN) content was
measured using a Gerhardt Vapodest VAP 30
analyzer.
The data were statistically analyzed to
determine variability in the concentrations of the
components in drained water using SPSS Statistic
21. The U Mann-Whitney test and Bonferroni
correction for multiple comparisons were used (at

amounts of various fractions of organic carbon and
DOC in the soil [25, 33]. It seems that fertilization
with manure, contributing to the increase in DOC in
groundwater, can create better conditions for
denitrification of NO3- migrating from agricultural
fields into waters. In this sense, the ratio
DOC/N-NO3- can be regarded as an indicator of the
potential capacity of waters for removing excess
NO3- through biological denitrification [16]. The
earlier our works under nitrogen management in
Polish agriculture, evidenced the high nitrogen
inflow in farms with intensive animal production
[37]. Data published by Polish Institute of Soil
Science and Plant Cultivation suggest, that higher
nitrogen leaching should be expected from farms
with animal production (with manure application),
than from farms specializing in crop production
(without manure application), regardless of crop
rotations differences in diverse farming systems
[14]. Long-term fertilization experiments are well
established in evaluation of the impact of mineral
and organic fertilization on the nitrogen compounds
changes in the soil [39] and may be useful for
evaluation of nitrogen and carbon compounds soil
leaching, and their relationship in the groundwater
as an indicator of denitrification potential.
The aim of this study was to assess the
influence of different fertilization systems on the
mineral N and DOC contents in drainage water and
losses of these components by leaching, and to
determine the DOC/N-NO3- ratio in drainage water
as an indicator of denitrification potential.

MATERIALS AND METHODS
The research was carried out on three longterm field experiments in Central Poland
(Skierniewice) belonging to the Warsaw University
of Life Sciences ± SGGW, maintained with no
alterations since 1923. The soil is Luvisols (FAO
2006) soil of the type of loamy sand with the
following fractions in the 0-25 cm layer: sand (>
0.05 mm) ± 87%, silt (0.002±0.05 mm) ± 5%, clay
(< 0.02 mm) ± 7%. Plants were cultivated in 3
different crop rotations with 3 different fertilization
and crop rotation systems (typical for crop farming
system, mixed farming system, animal farming
system, respectively):
 (experiment A) arbitrary rotation without
manure and without legumes,
 (experiment E) 5-field crop rotation:
potatoes (30 Mg manure/ha), s. barley, y. lupine, w.
wheat, rye),
 (experiment D) rye monoculture.
Experiments were conducted in 3 (A) or 5 (E
and D) replications with an experimental plot area
of 36 m2. Mineral fertilizers were applied in the
following doses: 90 kg N (ammonium nitrate), 26
2814
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P<0.017) because
distributed.

data

were

not

content and the total nitrogen (TN) content
under different fertilization and crop rotation
systems were observed in the arable layer of the
soil (Tab. 1).
The highest amounts of TOC and TN in the
topsoil were in the field in the organic (Ca+M)
fertilization system, lower ± in the mineral-organic
(CaNPK+M) system, and the lowest in the mineral
(CaNPK) fertilization system.

normally

Depending on the fertilization and crop
rotation system, the DOC concentration in drainage
water during the study period ranged from 1.2 to
29.7 mg C/L, and the concentration of N-NO3- from
1.1 to 78.2 mg N-NO3-/L. The concentration of
N-NH4+ in drainage water was several times lower
than the concentration of N-NO3-, and, depending
on the fertilization and crop rotation system, ranged
from 0.001 to 1.49 mg N-NH4+/L. The distribution
of concentrations of all the parameters tested in
drainage water in both years of the study differed
from the normal distribution (indicators of the
concentration distribution are given in Table 2). On
average, in both years of the study, the distribution
of DOC and N-NH4+ concentrations in drainage
water in the fields fertilized with manure (Ca+M
and CaNPK+M) was similar and differed
significantly (p<0.017) from their distribution in the
field with mineral fertilization only (CaNPK). The
distribution of N-NO3- concentration in

RESULTS
The average temperature in 2012 was 8.1 oC,
and in 2013 ± 9.6oC, whereas the total precipitation
in 2012 was 478.6 mm, and in 2013 ± 618.5 mm.
The distribution of average monthly temperatures in
2012 and 2013 was similar to the multi-year
average (Fig. 1), but the distribution of precipitation
in both years of the study differed from the multiyear average (Fig. 2). In 2013, there were periods of
intense rainfall in May and June, which caused a
temporary excess of water in the soil.
After 90 years of experiments the largest
differences in the total organic carbon (TOC)

TABLE 1
Total organic carbon (TOC) and total nitrogen (TN) contents and the C:N ratio in the soil
profile under mineral (CaNPK), mineral-organic (CaNPK+M) and organic (Ca+M) treatments
Fertilization
TOC
TN
Field
Treatment
Soil layer
system
(g C/kg) ±SD
(g N/kg) ±SD
Ap (0-25cm)
4.37 ±0.12
0.445 ±0.016
A
Mineral
CaNPK
Eet (26-45cm)
1.17 ±0.13
0.138 ±0.011
Bt (46-70cm)
1.77 ±0.20
0.208 ±0.010
Ap (0-25cm)
7.35 ±0.15
0.712 ±0.015
MineralE
CaNPK+M
Eet (26-45cm)
2.67 ±0.18
0.276 ±0.015
organic
Bt (46-70cm)
2.61 ±0.12
0.296 ±0.017
Ap (0-25cm)
10.62 ±0.20
0.959 ±0.015
D
Organic
Ca+M
Eet (26-45cm)
2.03 ±0.01
0.194±0.003
Bt (46-70cm)
2.93 ±0.15
0.261 ±0.015

2815



© by PSP

Volume 25 ± No. 8/2016, pages 2813-2824

Fresenius Environmental Bulletin


TABLE 2
Concentration of DOC, N-NO3- and N-NH4+ in drainage water under mineral (CaNPK), mineral-organic
(CaNPK+M) and organic (Ca+M) treatments
Field

Fertilization

A

CaNPK
(Mineral)

E

CaNPK+M
(Mineralorganic)

D

Ca+M
(Organic)

DOC
(mg C/L)
4.90
1.15-8.92
5.64
2.96, 6.26
8.15
2.11-29.69
8.60
6.41, 11.24
10.48
3.54-19.06
10.88
7.70, 15.65

Parameter
Median
Min-Max
Weighted average
Fractals 25%,75%
Median
Min-Max
Weighted average
Fractals 25%, 75%
Median
Min-Max
Weighted average
Fractals 25%, 75%

N-NH4+
(mg N/L)
0.03
0.001-0.13
0.04
0.01, 008
0.08
0.001-0.
0.09
0.03, 0.16
0.15
0.02-1.49
0.20
0.09, 0.22

the drainage water from that field occurred at the
end of July 2012, or at the end of September 2013.
In the organic (Ca+M) fertilization system in 2012,
the concentration of N-NO3- in the drainage water
collected in January and at the end of October was
several times higher than at the other test times. By
comparison, in 2013, a relatively high concentration
of N-NO3- in the drainage water from that field
persisted from January until the first 10 days of
May and at the end of September (with a relatively
low concentration of N-NO3- in the waters in the
summer months). Because of the lack of criteria for
assessing the quality of shallow groundwater,
assessments of the degree to which it is
contaminated by nitrates are most frequently made
by adopting their maximum concentration in
drinking water, which is 11.3 mg N/L [9]. Approx.
34% of the leachates collected during the two-year
study from the three fields representing different
fertilization systems did not meet the criteria of the
Council Directive 91/676/EEC [9]. In both years of
the study, approx. 24% of the total number of
leachates from the CaNPK field did not meet the
criteria of the Council Directive 91/676/EEC [9]
(mainly at the end of March / beginning of April),
and approx. 49% of the total number of leachates
from the CaNPK+M field (in 2012 ± mainly in
March and April, and in 2013 ± mainly in the
period from February to early June) failed to meet
those criteria. By comparison, approx. 27% of the
total number of leachates from the Ca+M field
exceeded those limits (in 2012 ± in January and
October, in 2013 ± mainly in January, March, April,
May, and September).
The leaching of DOC and mineral N into
shallow groundwater in 2013 in the mineral and
mineral-organic systems was higher than in 2012.
By contrast, the amounts of DOC and mineral N
which were washed out into the groundwater from
the soil fertilized in the organic system were similar

drainage water in the fields under mineral (CaNPK)
and organic (Ca+M) fertilization was similar and
differed significantly (p<0.017) from the
distribution in the field under mineral-organic
fertilization (CaNPK+M).
The concentrations of DOC and N-NO3- in
drainage water in the fields representing different
fertilization systems were subject to considerable
fluctuations (Fig. 3). In the fields under mineral
(CaNPK) and mineral-organic (CaNPK+M)
fertilization, and in 2013 in the field under organic
(Ca+M) fertilization, the DOC concentration in
drainage water increased from January until the
spring (March-April). On subsequent test dates, the
DOC concentration in drainage water decreased
until the end of May / beginning of June almost on
all the experimental plots. In the summer months
and/or in the autumn, the DOC concentration in
drainage water increased again (to a lesser extent in
the field under mineral fertilization, and to a greater
extent in the fields under mineral-organic and
organic fertilization). In 2012, in the field fertilized
annually with manure (Ca+M), the DOC
concentration in drainage water was higher in
January, from mid-May to the end of August, and at
the end of October than in the other months of that
year.
On most of the plots, the concentration of
N-NO3- in drainage water increased from January to
the beginning of the spring in both years of the
study. Changes in the concentration of N-NO3- in
drainage water in the field under mineral
fertilization were similar to the changes in the
concentration of DOC. In the mineral-organic
(CaNPK+M) system, after the increase in the
spring, the concentration of N-NO3- in drainage
water kept falling markedly on subsequent test
dates until the end of June / beginning of July.
Another increase in the concentration of N-NO3- in
2816



N-NO3(mg N/L)
4.33
1.41-23.23
8.52
2.76, 10.37
14.11
2.56-37.21
18.46
6.23, 20.35
5.83
1.10-78.21
14.06
2.08, 11.98
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these compounds were similar, or even more DOC
than mineral N was washed out. However the DOC
and mineral N leaching was depend on water
effluent from soil (Fig. 5).
The ratio DOC/N-NO3- in drainage water in
both years of the study took on the highest average
value (1.25-1.80/1) in the organic (Ca+M)
fertilization system, lower (0.75-1.40/1) ± in the
mineral (CaNPK) fertilization system, and the
lowest (0.50-0.70/1) ± in the mineral-organic
(CaNPK+M) fertilization system (Tab. 3). By
analyzing only the average value of this ratio, it
could be concluded that the best conditions for
denitrification of N-NO3- in drainage water existed
in the organic system, worse ± in the mineral
system, and the least favorable ± in the mineralorganic system. From the data shown in Figure 6, it
is evident, however, that the ratio DOC/N-NO3- in
drainage water from the studied fields was subject
to dynamic changes during the study period. In the
two years of the study, the DOC/N-NO3- ratio in
drainage water from the field under mineral
fertilization was in the range 0.1-2.5/1, in the
mineral-organic system ± 0.2-5.9/1, and in the
organic system ± 0.3-12.1/1. In all the fields, higher
DOC/N-NO3- ratios in drainage water were found in
the period from May to August than in the
remaining months of 2012 and 2013 (Fig. 6).

in both years of the study (Tab. 3). The DOC load
entering the drainage water from the soil fertilized
in the organic system was much greater than from
the soil fertilized in the mineral-organic and
mineral systems. The amount of mineral N being
washed out from the soil fertilized in the organic
system in 2012 was similar to that in the mineralorganic system and considerably higher than in the
mineral fertilization system. By contrast, in 2013
much more mineral N was washed out from the soil
in the mineral-organic system than in the organic
and mineral fertilization systems. Almost in all the
systems of fertilization, the losses in organic carbon
compounds and nitrogen by leaching were
determined by their spring outflow with drainage
waters (Fig. 4). Only in 2012, under the organic
system of fertilization, more DOC and mineral N
was washed out in January than in the other months
of the year. In 2012, in which the total precipitation
and its distribution were similar to the multi-year
average, the leaching of these compounds in the
summer was negligible. By comparison, in 2013, in
which at the end of May / beginning of June there
were periods of intense rainfall, the leaching of
DOC and mineral N also occurred during the
summer. Regardless of the fertilization system,
greater amounts of nitrogen compounds than carbon
compounds were washed out in the spring, whereas
in the summer and autumn the levels of leaching of
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TABLE 3
DOC/N-NO3- ratio in groundwater under mineral (CaNPK), mineral-organic (CaNPK+M) and organic
(Ca+M) treatments
Year

2012

2013

Field

Fertilization system

Treatment

DOC/N-NO3- ratio

A
E
D
A
E
D

Mineral
Mineral-organic
Organic
Mineral
Mineral-organic
Organic

CaNPK
CaNPK+M
Ca+M
CaNPK
CaNPK+M
Ca+M

0.75/1
0.70/1
1.80/1
1.40/1
0.50/1
1.25/1

(a)

water from those fields for which the TOC content
was higher (Tab. 1). Significantly more waterextractable organic carbon in organically than in
conventionally-managed (mineral) arable soils had
also been found by Marinari et al. [25]. Cannavo et
al.[8] found that a low DOC content of approx. 5
mg DOC/L [29] reduced denitrification. Such a low
average concentration of DOC was found by us
only in the mineral fertilization system. In our
study, under almost all fertilization systems, the
DOC concentration in drainage water increased

DISCUSSION
The concentrations of DOC and N-NO3- in
drainage water determined in our study were within
the ranges reported in the literature [13, 26, 28]. As
expected, in both years of the study, median DOC
concentrations in the drainage water from the fields
fertilized with manure (organic and mineral-organic
fertilization systems) were
higher than in the mineral fertilization system. Thus
the DOC concentration was higher in the drainage
2820
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[34], soil moisture status and the rate of
N-NO3- migration in the soil [1], and the intensity
of mineralization, nitrification and denitrification
[11, 19]. Nitrogen losses through leaching ranged
from approx. 8 to 15 kg N/ha in the mineral
fertilization system, and from approx. 21 to 38 kg
N/ha in the mineral-organic system, and were
higher in the year with greater total precipitation
(2013). By comparison, under the organic
fertilization system in both years of the study, those
losses were similar and amounted to approx. 22 kg
N/ha. This indicates a similar rate of mineralization
of organic nitrogen compounds and the
mobilization of a similar amount of mineral N from
manure soon after its application in the autumn of
2012 and 2013. The size of the presented nitrogen
losses through leaching corresponds to the size
reported in numerous literature sources [21, 27]
earlier estimates based on nitrogen balance [32].
Nitrogen leaching from the fields under different
fertilization systems occurred mainly in early spring
after sub-zero temperatures and snow cover had
gone, and to a much lesser extent ± in the autumn
(and/or in the summer ± during periods of heavy
rainfall in 2013).
The average value of the ratio DOC/N-NO3- in
drainage water was higher in the organic
fertilization system than in the mineral and mineralorganic fertilization systems. On the basis of the
average values of the DOC/N-NO3- ratio it could be
concluded that the best conditions for
denitrification of N-NO3- in drainage water existed
in the organic system, worse in the mineral system,
and the least favorable in the mineral-organic
system. The analyses of samples of drainage water
flowing out of the soil profile of the tested soils
revealed that the ratio DOC/N-NO3- in the drainage
water from the experimental plots was subject to
dynamic changes during the study period.
Therefore, the average values of the DOC/N-NO3ratio do not provide sufficient information as to the
potential for removing the N-NO3- contaminating
shallow
groundwater
through
biological
denitrification. Many studies have attempted to
determine the optimum DOC/N-NO3- ratio for
highly effective denitrification of N-NO3- [10, 16].
The value of this ratio is in the range 0.9-3.0/1.
According to Her & Huang [16], the minimum C/N
ratio required for near complete denitrification
using an aromatic carbon source (benzoic acid) was
significantly higher than using non-aromatic
sources. For non-aromatic compounds, the
minimum C/N ratio required for nearly complete
denitrification increased with an increase in
molecular weight. The DOC fraction is composed
of as much as 40% fulvic acid, and the remainder is
a mixture of hydrophilic compounds [2]. Therefore,
we accepted, after Dahab & Lee [10], that the
optimum DOC/N-NO3- ratio for highly effective
denitrification is 1.6/1. It was then possible to

from winter to early spring, then decreased towards
the end of May / beginning of June, so as to
increase again in the summer months and/or in the
autumn. Similar dynamics of DOC concentration
changes had been found in lysimeter studies by
Boyer et al. [5]. According to these authors, the
concentration of DOC in the water collected in
lysimeters at the end of winter is at its highest, then
decreases in the spring, and, as stated by Iqbal et al.
[18], increases again in the summer. In our study,
DOC losses by leaching were dependent on the
method of fertilization, and ranged from 4.1 to 20.6
kg C/ha. Our results correspond to the data
collected by Royer and David [30], who estimated
the export of DOC from agricultural soils to be 323 kg/ha/year.
According to Kücke and Kleeberg [22], the
contamination of groundwater with nitrogen occurs
mainly in soils fertilized with organic fertilizers due
to the mineralization of manure after the harvest. In
our study, the average concentration of N-NO3- in
drainage water from the field under mineral-organic
fertilization was greater than in the organic and
mineral systems. The observed differences were
probably an expression of the differences in the
supply of nitrogen to the soil from the fertilizer
sources (and leftovers of legumes), which in the
mineral-organic system was by approx. 20% greater
than in the mineral fertilization system. This is
confirmed by the existence of a relationship
described in the literature between the size of the
dose (fertilization rate) and the amount of nitrogen
washed out from the soil [21, 24]. At similar doses
of nitrogen, the concentration of N-NO3- in both
years of the study was similar or only slightly
higher in the drainage water from the field under
organic fertilization than from the field under
mineral fertilization. Similar results had been
obtained by Elmi et al. [13]. At the same dose of
nitrogen in mineral and organic fertilizers, greater
leaching of N-NO3- from the soil fertilized in the
organic system than in the mineral system was
demonstrated in only one of the two years of the
study. In almost all fertilization systems, the
concentration of N-NO3- in drainage water
increased in early spring and decreased thereafter.
Especially in the fields under organic and mineralorganic fertilization (in 2013), the concentration of
N-NO3- in drainage water increased again in the
autumn, but it did not reach the level of the
maximum value in the spring. Lower
concentrations of N-NO3- in drainage water and
drainage ditches in the spring than in the autumn
had been found by Igras [17] during many years of
research conducted on the territory of Poland. The
dynamics of the N-NO3- concentration in drainage
water were primarily a reflection of the fact that in
all the systems of fertilization the observed amount
of mineral nitrogen in the soil began to decrease in
the spring as a result of nitrogen uptake by plants
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washed out from the soil. Nitrogen losses
through leaching ranged from approx. 8 to 15 kg
N/ha in the mineral fertilization system, and from
approx. 21 to 38 kg N/ha in the mineral-organic
fertilization system, and were higher in the year
with greater total precipitation. By comparison, in
the organic fertilization system, in both years of the
study, those losses were similar and amounted to
approx. 22 kg N/ha. Regardless of the fertilization
system, during the period of intense leaching of
nitrogen from the soil, the flux of N-NO3- is
accompanied by an insufficient amount of DOC
necessary for highly effective denitrification of the
nitrogen load. During that period, approx. 38.5% of
the N-NO3- load in the mineral system, approx.
27.1% in the mineral-organic system, and approx.
40.6% in the organic fertilization system could
potentially have undergone denitrification. This
means that approx. 60-70% of the nitrogen washed
out from arable fields can permanently contaminate
the hydrosphere.

determine that the carbon content in the drainage
water from the field under mineral (CaNPK)
fertilization in 2012 did not limit the denitrification
of NO3- in only one leachate, in the mineral-organic
system ± in 2 leachates, and in the organic
fertilization system ± in 10 leachates. In 2013, the
total load of NO3- to drainage water could
potentially
have
completely
undergone
denitrification in 5 leachates in the mineral
fertilization system, in only 3 leachates in the
mineral-organic system, and in 7 leachates in the
organic system. A lower ratio of DOC/N-NO3- in
drainage water, found primarily during the period
of intensive leaching of N-NO3- (in the spring),
limited the possibility of purifying the water
through the denitrification of a substantial portion
of the NO3--N load from the arable soils.
Insufficient concentration of DOC in groundwater,
in relation to the amount of N-NO3- present in it, is
the main reason for the small (2-25%) loss of the
N-NO3- load through denitrification [6], [11]. The
average DOC/N-NO3- ratio in drainage water in the
two-year period of our study indicates that
denitrification could potentially have been
accomplished for approx. 34% of the N-NO3leaching from soil in the mineral system, approx.
40.6% in the mineral-organic system, and approx.
64.7% in the organic system. The results of similar
calculations only for the periods of intense leaching
of N-NO3- (from January until 19 April, 2012, and
from 1 March to 13 May, 2013) indicate that
denitrification could potentially have been achieved
in those periods, on average, for approx. 38.5% of
the N-NO3- load in the mineral system, approx.
27.1% in the mineral-organic system, and approx.
40.6% in the organic fertilization system.
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CuO DECORATED ANATASE TiO2 NANOCRYSTALS WITH
EXPOSED {001} FACETS ON GRAPHENE SHEETS FOR
ENHANCED VISIBLE-LIGHT PHOTOCATALYTIC
PERFORMANCE
Zhang Liqin, Hu Hongtao*, Zhu Yongqiang, Xie Tingting
School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai, 201418

photocatalytic activity, and good stability and
resistance to chemical corrosion[1-2]. According to
the principle of surface energy minimization (0.90
J/m2 for {001} > 0.53 J/m2 for {100} > 0.44 J/m2 for
{101}), specific surfaces with high reactivity are
usually eliminated during the crystal growth
process[3-7]. Under equilibrium conditions, natural
and synthetic anatase TiO2 single crystals mainly
exist in an octahedral bipyramid morphology, in
which the majority of the surface is normally
enclosed by energetically favorable {101} facets
rather than the more reactive {001} facets[8-13].
Furthermore, many researchers have documented
that anatase TiO2 with exposed high-energy {001}
facets may be more valuable for various
applications [14-20]. However, the inherent
shortcomings of TiO2, namely fast electron/hole
recombination and low utilization of sunlight, are
still not fundamentally resolved. Therefore, there is
an urgent need for suitable modification of TiO2 to
overcome this obstacle.
Doping with metallic cations or non-metallic
anions has been widely used to improve the
photocatalytic activity of TiO2 or to extend its light
absorption into the visible region[21-24]. For example,
Segne et al. reported that a Cu2+/TiO2 photocatalyst
showed a high photocatalytic activity for the
photocatalytic degradation of dichlorvos under
visible light irradiation[25].
Recent studies have shown that the
combination of TiO2 with carbon materials can
effectively enhance charge separation and the speed
of the photocatalysts response to light, and thus
expand its potential applications[26-28]. Graphene,
one inexpensive family of carbon material, is
composed of two-dimensional sheets with novel
nanostructures[29-31]. Their superior electrical
properties can efficiently separate the electron-hole
pairs generated by TiO2 after light absorption. It has
been shown that transition metal ion doping is also
able to inhibit electron-hole pair recombination in

ABSTRACT
Owing to extensive practical applications and
fundamental importance, the controllable synthesis
of well-faceted anatase TiO2 crystals with a high
percentage of reactive facets has attracted
increasing attention. Here, a novel visible lightresponsive graphene (GR)-CuO/TiO2 photocatalyst
was successfully synthesized by a simple
hydrothermal method. The morphology, structural
properties, and photocatalytic performance of GRCuO/TiO2 were investigated and characterized by
X-ray diffraction (XRD), scanning electron
microscopy
(SEM),
transmission
electron
microscopy
(TEM),
X-ray
photoelectron
spectroscopy (XPS), and UV-vis diffuse reflectance
spectroscopy. In particular, the new photocatalyst
GR-CuO/TiO2 exhibited a better performance for
the photocatalytic degradation of methylene blue
(MO) under visible-light irradiation than pure TiO2
and P25, which may be attributed to efficient
reduction of electron-hole pair recombination and
an extended spectral response from the UV to the
visible region. This work is expected to open up
new possibilities for the simple remediation of
environmental pollution.

KEYWORDS:
TiO2, Graphene, Visible light photocatalyst

INTRODUCTION
Environmental pollution continues to be a
major problem for human society with the ongoing
development of social industrialization. The
photocatalytic degradation of organic pollutants is
one effective means to perform chemical
transformation. Titanium dioxide is one of the most
commonly used semiconductors for this purpose,
owing to its low production cost, high
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TiO2[32]. Moreover, the preparation of TiO2
photocatalysts with these two types of dopants to
explore three-component synergies has been used to
create ternary complexes with higher photocatalytic
activity than that of pure TiO2 and binary composite
photocatalysts[33-35]. Therefore, there appears to be
great untapped potential for exploring the
possibility of using graphene to prepare
CuO/TiO2/graphene composites with improved
photocatalytic activity.
Herein, a new visible light-responsive
graphene (GR)-CuO/TiO2 photocatalyst was
successfully synthesized by a simple hydrothermal
method. The effect of the Cu content on the TiO 2
and the photocatalytic activity of GR-CuO/TiO2 for
the degradation of methylene blue (MB) under
visible-light irradiation was investigated and
discussed. Furthermore, the performance of the
obtained CuO/TiO2 nanosheets was compared with
that of pure TiO2 nanoparticles and Degussa P25,
and found to be higher. Finally, the photocatalytic
mechanism of GR-CuO/TiO2 is discussed.

added to the mixture, upon which the solution
changed color from black to bright yellow
accompanied by the release of gas. The mixture was
filtered and washed with 5% HCl (800 mL) to
remove metal ions, followed by 1L DI water to
remove the acid until pH 6 was reached. The
graphite oxide (GO) solids were obtained after
drying in a vacuum oven at 40 °C for 24 h.
GR-CuO/TiO2 composites were prepared by a
hydrothermal method. Briefly, a varying amount of
GO was dissolved in a mixture of DI water (25 mL)
and ethanol (25 mL) under ultrasonication for 2 h,
after which 200 mg Cu/TiO2 was added and the
mixture was stirred for another 2 h to prepare
composites containing different amounts of
graphene. Then, the suspension was transferred to a
100 mL Teflon-sealed autoclave and heated at
120 °C for 3 h. Finally, the resulting composite was
recovered by filtration, washed with DI water, and
then dried at 60 °C for 24 h. For comparison,
graphene was prepared under the same conditions
in the absence of TiO2.
Characterization.
The
samples
were
characterized with X-ray diffraction (XRD; X¶Pert
PRO PW3040/60 ZLWKD&X.ĮUDGLDWLRQ source Ȝ
= 0.15406 nm) at 40 kV and 36 mA. Fourier
transform infrared spectrophotometry (FTIR;
Nicolet 6700) was used to determine the specific
functional groups in the samples. Scanning electron
microscopy (SEM; S3400N) and transmission
electron spectroscopy (TEM; Tecnai F20-twin) was
carried out to investigate the morphology of the
samples. Specimens for TEM and SEM were
prepared by dispersing the final powder in ethanol.
UV-vis diffuse reflectance spectra (DRS) were
collected from 200±800 nm using a SHIMADZU
UV-3600. The powders for analysis were pressed
into tablets, and BaSO4 was used as a reference
standard.

EXPERIMENTAL
Synthesis of CuO/TiO2 nanocomposites.
CuO/TiO2 was synthesized by a typical procedure.
First, 5 mL of Ti(C3H7)4, a given amount of
Cu(NO3)·3H2O, and 0.8 mL HF were transferred
into a 100 mL Teflon-lined stainless steel autoclave
and placed in an electric oven at 180 °C for 24 h.
The autoclave was then removed from the oven and
left to cool to room temperature in ambient air. To
prevent any effect of fluorination of the resulting
composites on their photoactivity, the obtained
samples were washed with 0.1 M NaOH solution,
followed by DI water to remove the NaOH until the
pH reached 7. Finally the samples were dried at
40 °C in an oven for 24 h.

Photocatalytic activity testing. Photocatalytic
experiments were performed in a photochemical
reaction instrument (BL-GHX-V photocatalytic
reaction apparatus). The photocatalytic activity of
the GR-CuO/TiO2 was estimated using the
degradation of methylene blue (MB) under visiblelight irradiation with a 300W Xe lamp. In each
experiment, 25 mg of photocatalyst was suspended
in 50 mL aqueous MB solution (1 × 10 5 mol/L).
After illumination of the suspension for a given
time interval, 5 mL of the suspension was sampled
and centrifuged, and the filtrate was analyzed by
UV-vis absorption spectroscopy. The intensity of
the main absorption peak (665 nm) of the MB was
used as a measure of the residual dye concentration

Synthesis of GR-CuO/TiO2 nanocomposites.
*UDSKLWH R[LGH ZDV SUHSDUHG XVLQJ +XPPHU¶V
method[36]. Briefly, natural graphite powder added
to 100 mL concentrated H2SO4 (0 °C), and 8.0 g
KMnO4 was added slowly under stirring while the
mixture was kept below 10 °C by cooling. The
reaction was stirred for a further 2 h, and then was
stirred for 1 h at 35 °C while 100 mL deionized
water was added to dilute the mixture. Because the
dilution process can release a large amount of heat,
the dilution operation was carried out in an ice
water bath to keep the temperature of the mixture
below 100 °C. The mixture was stirred for 2 h after
the first dilution, and was then diluted to 300 mL
with DI water. Finally, 20 mL of 30% H2O2 was
.
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Figure 1B and 1C show the XRD profiles of
the GO and GR samples. The characteristic peak of
GO appeared at 9.7°, and disappeared after the
reduction of GO to GR, after which peaks at 25.9°
and 42.9° were detected. These results confirmed
that the graphite oxide was reduced to graphene
during the present hydrothermal process.

Characterization of GR-Cu/TiO2 composite.
The crystal structure of the obtained GR-Cu/TiO2
composites was characterized by XRD, as shown in
Fig.1. All peaks were consistent with anatase TiO2
according to JCPDC card No. 21-1272[37]. No
distinct characteristic peaks of copper oxide were
detected in the samples containing CuO/TiO2 with
different ratios of CuO (0.1±0.2) (Fig. 1A)
indicating either that no form of copper oxide
remained in the samples, or was present in an
amount too little to test. Meanwhile, the
characteristic peak of GR at 24.5° was not
observable in the XRD patterns of GR-CuO/TiO2
owing to overlapping with the 25.4° peak of anatase
TiO2 or the fact that the graphene diffraction peak is
very difficult to observe at low graphene contents
[38]
.

FIGURE 2
FTIR spectra of pure TiO2,T0.2(0.2%Cu doped
TiO2),10GR-T0.2,graphene oxide and grapheme

The FTIR spectra of 0.2%Cu-doped TiO2 and
0.2%Cu-doped TiO2 on graphene are shown in Fig.
2a. All observed peaks were in agreement with
those observed for the pure TiO2. This implies the
possibility of covalent linkage of the TiO2 onto the
graphene surface.
Figure 2b shows the FTIR spectra of the asprepared GO and graphene. The broad peak at 3420
cmí1 is attributed to the hydroxyl stretching
vibrations of the C-OH groups, the peak at 1680±
1500 cmí1 is attributed to the C=C groups, the peak
at 2500±2000 cmí1 is attributed to C=C=C groups,
and the 1300±1050 cmí1 peaks are assigned to C-O
stretching vibrations on the GO surface. The FTIR
spectrum of GR also exhibited C-O peaks, caused
by the incomplete reduction of GO and the

FIGURE 1
XRD patterns of (A) pure TiO2 , as-prepared
CuO/TiO2 with various content of CuO,and GRCuO/TiO2 with increasing GR
content ,(B)graphene oxide ,(C)graphene.
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The morphology of the as-prepared CuO/TiO2
was characterized by TEM, as shown in Fig. 3a.
The CuO/TiO2 exhibited well-defined rectangular
sheet-shaped structures with an average size of
about 50 nm. The high resolution TEM image in
Fig. 3b shows that the lattice distance between the
top and bottom facets was ca. 0.188 nm,
corresponding to (001) surface TiO2 [33]. TEM
image of GR-T0.2 ( Fig. 3c) shows that the TiO2 still
had a rectangular sheet structure, indicating that the
addition of graphene had no effect on the
morphology of the TiO2. The SEM image of GRTiO2 in Fig. 3d clearly shows that the TiO2 was
attached to the GR.
The UV-vis diffuse reflectance spectra of
Cu/TiO2 and GR-Cu/TiO2 composite photocatalysts
are shown in Fig. 4. The absorption of the TiO2
powder was 400 nm, attributed to the band-band
transition of TiO2. However, all of the Cu-doped
TiO2 samples exhibited an extended light
absorption towards higher wavelengths compared
with that of pure TiO2. Furthermore, a distinct
increase in absorption in visible-light region was
also detected after the modification of Cu/TiO2 with
graphene.

subsequent presence of a small amount of GO in the
GR. It is worth noting that the peaks arising from
oxygen-containing functional groups (VO-H, VCM,
and VC-0) were decreased or had even disappeared
in the GR-TiO2 sample, which was caused by the
reduction of GO to graphene during the
hydrothermal process. This result demonstrated the
covalent linkage of the TiO2 onto the surface of the
graphene during the hydrothermal process[32].

FIGURE 4
UV-vis DRS spectra of TiO2 with various Cu
contents and GR-CuO/TiO2with different GR
contents

Photocatalytic
degradation
of
GRCuO/TiO2 composites. The photocatalytic activity
of the CuO/TiO2 and GR-CuO/TiO2 composites was
determined using the photodegradation of MB
under visible light. Interestingly, as shown in Fig.
5.a, the activity of the CuO/TiO2 increased
gradually with CuO content from 0.1 to 0.2%,
which was mainly attributed to an increased
efficiency of electron-hole pair separation in
CuO/TiO2 compared with that in P25 and anatase
TiO2 with exposed (001) facets.

FIGURE 3
The TEM (a)and HRTEM images(b) of the
CuO/TiO2 composites and TEM(c) and the SEM
image(d) of the GR-Cu/TiO2.
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FIGURE 5
Evaluation of photocatalytic activities and the relative kinetic rates in MB degradation with
CuO/TiO2,GR-CuO/TiO2

TABLE 1
Effect of graphene content on degradation efficiency of graphene±CuO/TiO2 samples.
Sample

Degradation rate (60 min)

Kinetic reaction rate

T0.2
3GR-T0.2
5GR-T0.2
10GR-T0.2

64.6%
77.1%
87.9%
99.3%

0.01733
0.02457
0.03517
0.08334

Table 1 summarizes the catalytic activities of
the graphene-CuO/TiO2 samples for the degradation
of MB under visible irradiation. Although the T0.2
sample displayed 64.6% degradation of MB within
60 min, the activity of the GR-CuO/TiO2 increased
gradually with graphene content from 3 to 10%
owing to its enhanced visible light absorbance and
large surface area, as shown in Fig. 5.c. In addition,
the photodegradation of RhB was monitored over
four cycles of 60 min each. After each cycle, the
photocatalytic efficiency exhibited only a slight
decrease and no significant loss of activity was
observed after the decomposition was repeated four
consecutive times, indicating that the 10.0GR-T0.2
composite was an efficient and stable visible-light
photocatalyst.
The photocatalytic degradation of MB follows

roughly pseudo-first-order reaction kinetics at low
dye concentrations[35]:
ln(C0/C)=kapp t,
where kapp is the apparent first order kinetic
constant, used as the basic kinetic parameter for
different photocatalysts, C0 is the initial
concentration of MB in aqueous solution, and C is
the residual concentration of MB at time t. The
apparent constant values were deduced from the
linear fitting of ln(C0/C) vs irradiation time, as
shown in Fig. 5.b and Fig. 5.d.
Tentative photocatalytic mechanism. The
tentative mechanism for the significantly enhanced
photocatalytic performance exhibited by the GRCuO/TiO2
composites
was
explored
as
demonstrated in Fig. 5.d.
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As previously reported, the initial process in
the heterogeneous photocatalysis of organic and
inorganic compounds by semiconductors is the
generation of electron-hole pairs in the
semiconductor particles[13]. In this paper, the
graphene-CuO/TiO2 had exposed (001) facets, and
photogenerated electrons and holes mainly
accumulated on the (101) and (001) facets and then
took part in photocatalytic reduction and oxidation
reactions, respectively. This manner of charge
transfer is beneficial for reducing the probability of
electron-hole recombination in the composite,
thereby leading to a higher photocatalytic reaction
efficiency[39].
In addition, the beneficial effect of CuO could
be explained by considering the efficient separation
of photoexcited electrons and holes. First, Cu2+ can
act as photogenerated electron trapper because Cu+
can be oxidized to Cu2+ by the transfer of electrons
to organic species, which increases the rate of
interfacial electron transfer. Unfortunately, when
the doping concentration is too high, the
recombination rate will increase because the
distance between trapping sites decreases[25].
Furthermore, graphene has been reported to be
a competitive candidate electron acceptor material
owing to its ʌ-conjugated structure and two
dimensional planar structure. Thus, in a GR-TiO2
system, the excited electrons in the conduction band
of TiO2 can transfer to graphene, accomplishing an
effective charge separation [30]. Typically, highenergy (001) facets are composed of high densities
of under-coordinated Ti atoms and a very large TiO-Ti bond angle, which creates abundant oxygen
deficiencies[33]. These superior properties contribute
to the enhancement of photocatalytic activity.
The photoluminescence (PL) spectra of
semiconductors are related to the transfer behavior
of the photoinduced electrons and holes, and can
therefore reflect the separation and recombination
of photoinduced charge carriers[40]. The PL spectra
of the as-prepared TiO2, CuO/TiO2 composites, and
GR-CuO/TiO2 composites are shown in Fig. 6. The
excitation wavelength was 380 nm, and nanosheet
TiO2 has a strong emission peak at about 560 nm.
The PL intensities of the CuO/TiO2 composites
decreased with increasing addition of CuO quantum
dots. Furthermore, there was a small PL peak
observed for the GR-CuO/TiO2 composites,
indicating that the rate of electron-hole pair
recombination was very slow in these samples. This
is ascribed to the fact that, as discussed above, the
GR-CuO/TiO2 composites prevented the direct
recombination of electrons and holes.

FIGURE 6
Photoluminescence spectra of TiO2 , CuO /TiO2
composites and graphene̢
̢CuO/TiO2
composites excited at the wavelength of 380 nm.

CONCLUSION
GR-CuO/TiO2 composite photocatalysts were
successfully prepared by a hydrothermal method
and exhibited stronger MB photodegradation
activity under light irradiation than P25. The
enhanced photocatalytic activity of this novel
catalyst may be attributed to the cooperative effects
of visible-light absorption, efficient charge
separation, enhanced adsorption on the novel
catalyst surface owing to the two-dimensional
planar structure of graphene, and the possibility of
increased ʌ-ʌ interaction between the composite
and organic species. These results are expected to
open up new possibilities in the investigation of
graphene-TiO2 and to promote its practical
environmental applications.
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AIRBORNE MYCOBIOTA DETERMINED IN THE
NEONATAL UNIT OF THE EGE UNIVERSITY HOSPITAL,
BORNOVA, TURKEY
Erhan Sakartepe, Alev Haliki Uzan, Ozlem Abaci Gunyar
Ege University, Faculty of Science, Department of Biology, Basic & Industrial Microbiology Section, 35100 Bornova-ø]PLU7XUNH\

cause such infections, can spread easily between
different hospital units through the air currents [1].
Fungi can be found everywhere in the environment
and their concentration is very important. Daily
activities cause the ambient atmosphere exposure to
pathogenic fungi. This also leads to an increased
risk of invasive fungal infections [2].
Therefore, the density and diversity of
airborne microfungi which is necessary to know in
the hospital environment. Morever, the risk for
invasive fungal infections is high in very low birth
weight (VLBW) infants (< 1500 g) and highest for
infants born at the youngest gestational ages who
survive past the immediate postnatal period. These
immunocompromised infants usually require
invasive therapies, such as central venous catheters
and endondotracheal tubes, and are exposed to
broad-spectrum antibiotics and parenteral nutrition.
In addition, they occasionally receive postnatal
steroids and gastric acid inhibitors. All of these
factors place them at high risk for fungal infection
[4]. Therefore, the amount of indoor airborne
microfungi was determined, and concentration and
diversity of the genera and species were
investigated in the Ege University Hospital, Faculty
of Medicine, Neonatal Unit.

ABSTRACT
Pathogenic or opportunist fungi in hospital
environments may be a source of infection in
susceptible hosts. Especially for newborn intensive
care units of hospitals, the control of the fungal
spore and knowing the incidence of mycobiota in
hospitals are of great importance in order to
understand the types of infections and the problems
caused by them. In this study, the level of
endogenous airborne fungal concentrations and the
types of fungi were determined at Ege University
Hospital, Faculty of Medicine, Neonatal Unit,
ZKLFK LV ORFDWHG FHQWUH RI ø]PLU For this purpose,
air samples were collected at 14 selected stations
monthly during twelve months with the Merck
MAS 100 air sampler. As a result, a total of 2631
fungal colonies were counted. Sixty two fungal
species belonging to 12 genera were identified.
These species consisted of Aspergillus (12),
Penicillium (24), Cladosporium (10), Alternaria (6)
and other species (10). The 6 microfungi were
identified only in genus level. The most prevalent
genera were the common moulds; Aspergillus
(39.33±61.43),
Penicillium
(23.00±23.50),
Cladosporium (74.33±63.43) and Alternaria
(20.17±25.09). In this study, aimed to emphasize
the importance of monitoring the presence of
airborne fungal biota, particularly Aspergillus spp.
in the newborn intensive care units where newborns
and especially premature babies were hospitalized
and opportunistic pathogenic species such as
A.flavus, A. fumigatus, A. niger and A. terreus were
isolated.

MATERIALS AND METHODS
Sampling area. This study was carried out in
Ege University Hospital, Faculty of Medicine,
Neonatal Unit ZKLFK LV ORFDWHG FHQWUH RI ø]PLU
between May 2011-April 2012. In our study,. the
samples were collected from 14 points. While 12
points were inside the intensive care unit (service
entrance, level 1 incubator room, level 2 incubator
room, level 3 incubator room, hallway, storage,
kitchen, charge nurse room, drug preparation room,
assistant room, private room, isolation room) and 2
points were outside the intensive care unit (the
hospital garden, and the front of the main entrance
to the unit). Each of the three separate incubator
rooms has 15 incubators. The results belonging to
samples collected from all the incubators in each
room were given as an arithmetic average so as to
represent that room.

KEYWORDS:
newborn intensive care unit, air quality, mycobiota.

INTRODUCTION
Hospital-acquired infections, have increased
in recent years and has become an important cause
of morbidity and mortality. Immunocompromised
patients who have had hematopoietic stemcell and
solid organ transplants have great risk for hospitalacquired fungal infection. Microorganisms that
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diameters of all the Penicillium species were
measured.
The identification of Aspergillus species was
based on Klich (6). The Cladosporium Link and
Alternaria Nees conidia present and the other
structures on the microscope slides were identified
DFFRUGLQJWRWKH+DVHQHNR÷OX(7).

Air sampling. Air sampling was carried out
for the determination of microscobic fungi in the
air. During each monitoring period 100 lt. air
were taken from 34 sites. A Merck Mas 100 air
sampler was used for air sample collection.
Samples were taken between 11:00 a.m-13:00 p.m.
Air sampling machine was generally located in the
center of the room away from open windows or
doors at 1.40 m above floor level.

Statistical analysis. Time differences were
tested for statistical significance by Friedman test.
All statistical analyses were performed using SPSS
13.0 for Windows (SPSS Inc., Chicago, IL, USA).
Statistical significance was defined as p < 0.05.

Isolation
methods.
Rose-Bengal
chloromphenical medium was adopted for the
collection of fungi. The number of CFUs were
counted after 5 days of incubation at 25 qC and
CFUs per cubic metre were calculated.

RESULTS

Sampling Points

Identification. The spores of each colony
In our study, the sampling procedure was
were picked and placed under the high-resolution
carried out each month between May 2011- April
microscope for identification of genus according to
2012 for 12 months. Viable fungi present in the air
references available [4].
in different areas of the Neonatal unit were studied.
Cultures were identified to species level using
The number of fungal spores recovered from the air
the following literature: Penicillium link species
varied from month to month (Table 1).
were identified using colony diameters, macro- and
At the end of the sampling process, the
micromorphology according to the standardised
number of the microfungi colonies counted at the
conditions in the monograph by Pitt. (5). So,
inner and outer sampling points was 2631. Of these
Czapek Yeast Ekstract Agar (CYA), Malt Ekstract
colonies, 303 were sterile mycelial colonies and
Agar (MEA), % 25 Glycerol Nitrate (G25N) and
378 were yeast colonies. The remaining 1950
Creatine Sucrose agar (CSN) were used for the
colonies were examined macroscopically, and
cultivation of Penicillium species. CYA culture
colonies with different macroscopic features were
was inoculated in triplicate and incubated at three
isolated and then identified with the phenotypic
different temperatures (5qC, 25qC, 37qC) for period
methods.
of 7 days in the dark at which time the colony
TABLE 1
Colony-forming unit (cfu/m3) distribution of the total number of microfungi isolated between May 2011
and April 2012 in terms of sampling points and sampling months.
May

Jun

July

October

November

December

A

800

620

60

August September
580

1000

880

560

180

January February March April
220

40

120

1320

B

110

170

50

220

260

230

230

120

120

40

60

660

C

210

270

30

130

270

180

210

110

130

40

80

450

D

130

220

80

90

130

140

90

80

30

50

60

340

E

150

90

70

200

100

150

70

70

50

40

40

420

F

180

110

40

170

150

240

60

110

50

20

40

480

G

190

170

50

300

240

200

130

70

50

50

90

430

H

120

70

40

280

210

80

40

150

80

20

10

410

K

250

170

30

180

320

180

60

70

100

-

30

510

L

100

100

10

160

130

140

90

40

70

10

20

340

M

120

150

20

140

200

180

110

50

90

10

20

460

N

60

230

50

110

240

180

120

170

60

40

60

700

P

40

270

40

60

80

360

120

120

*

*

*

280

R

270

570

10

230

280

210

220

290

80

10

40

460

A: The hospital garden, B: The front of the main entrance to the unit C: Service entrance D: Level 1 incubator room E:
Level 2 incubator room F: Level 3 incubator room G: Hallway H: Storage K: Kitchen L: Charge nurse room M: Drug
preparation room N: Assistant room P: Private room R: Isolation room.
* Because the private room (P) point was locked and not used in January, February and March, no samples were collected
from this room during those three months.
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FIGURE 1
Percentage distribution of microfungi isolated from all points between May 2011 and April 2012
TABLE 2
Distribution of the genera
Genus

Minimum

Maximum

Mean

Std. Error

Alternaria
Aspergillus
Cladosporium
Eurotium
Helminthosporium
Paecilomyces
Penicillium
Phoma
Rhizopus
Sterile mycelium
Yeasts

3.00
4.00
5.00
1.00
1.00
1.00
5.00
1.00
1.00
2.00
6.00

89.00
231.00
189.00
7.00
2.00
5.00
93.00
5.00
6.00
76.00
132.00

20.17
39.33
74.33
4.00
1.67
2.17
23.00
2.00
2.62
24.75
31.17

25.10
61.43
63.43
4.24
0.58
1.60
23.50
2.00
2.07
23.57
35.53

According to the results of sampling and
identification processes conducted for 12 months,
April 2012 was the sampling period during which
the highest number of microfungi was isolated. Of
the 12 one-month sampling periods, April 2012 was
the period during which the highest fungal density
was determined in all the sampling points.
Of all the sampling points, the hospital garden
was the place where the highest amount of fungi
(1320 cfu/m3) was isolated in April 2012. The
hospital garden took the second place in September
2011 when the amount was 1000 cfu/m3. The
hospital garden was also the third most intense
microfungi isolation point in October 2011 (880
cfu/m3) (Table 1) Based on the analysis of 2631
microfungi samples at the genus level, the
distribution of the genera by months is given in
Figure 1. According to these results, the genera and
their amounts are as follows: Cladosporium (34%),
Aspergillus (18%), Penicillium (10%), Alternaria
(10%) and other genera (2%) (figure 1). The most
prevalent genera were the common molds;

Aspergillus
(39.33±61.43),
Penicillium
(23.00±23.50), Cladosporium (74.33±63.43) and
Alternaria (20.17±25.09) (Table 2).
According to the identification results of
microfungi samples isolated from all sampling
points during all the sampling periods, 12 different
genera and 62 different species were identified. Of
these species, 12 were Aspergillus species, 24 were
Penicillium, 10 were Cladosporium, 6 were
Alternaria and the remaining were species
belonging to other genera.
Analysis of the microfungi samples isolated
during the 12-month study in terms of species
diversity revealed that the genus Penicilium
represented with 24 different species took the first
place.
Analysis of the microfungi samples isolated
during the 12-month study in terms of species
diversity revealed that the genus Penicilium
represented with 24 different species took the first
place.
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TABLE 3
Species of microfungi isolated and the months they were isolated
Species
Aspergillus luchuensis
A. candidus
A. flavus
A. foetidus
A. fumigatus
A. japonicus
A. niger
A. niveus
A. restrictus
A. terreus
A. ustus
A. versicolor
Alternaria sp.
Alternaria alternata
A. brassicola
A. citri
A. dianthi
A. petroselini
A. tenuissima
Amorphotheca resinae
Cladosporium sp. 1
Cladosporium sp. 2
Cladosporium sp. 3
Cladosporium britannicum
C. cladosporioides
C. cucumerinum
C. gallicola
C. herbarum
C. macrocarpum
C. orchidis

C. oxysporum

C. sphaerospermum
C. uredinicola
Eurotium amstelodami
Eurotium chevalieri
Helminthosporium
hlsenseletii
h
H.
H. solani
Penicillium aurantiogriseum
P. brevicompactum
P. chrysogenum
P. citrinum
P. commune
P. corylophilum
P. crustosum
P. decumbens

Time (colony number, sampling points)
VII (1A,1D,1F,1P), XII (5N)
VIII (1A, 1D); XII (1E,5P)
I(5A, 1D); II (2E,2F,2H, 1l); III (1D, 1E, 2G); IV(6E,2F,3G, 6M); V (2C,1D, 2F, 1P); VI(10A); VIII(1D,
1F,1G); IX (2M); XI(1A, 1D,1N); XII (5A, 7B, 7C, 2E, 5G, 9K, 11L, 7N, 7R)
IV (1B); VI(3C); VII(1D)
I(9A,2R); III (1C,4D,2E,1F,1H,1K,1L,2P); IV (1E,3F,1H); V( (1D,1E), VII (2E,1F,1M), VIII
(2A,4C,3D,2E,1F,4R), IX (2A,4C,1D,1E,1F,1L,1M,1N); X (2G); XI (1A,1E,2F,2G); XII
(9A,9B,9C,3D,2E,3F,5G,8H,5L,10R)
I (2C, 1E, 1N,1R); II (1D, 1R); III (2N); IV (3B, 1D, 1E, 1F,3G, 1L, 2N, 1R); V (2D, 1F, 1K,2R); VI
(1M); VIII (1E); IX (1E), XI (1M), XII (10H, 8P)
I (2D, 1E, 1G); II (1K); III (1E,2G,1P); IV (1B; 4E,1H); V (1E, 1F); VI (3C, 3F,1G, 2H, 5R), VIII (1D);
IX (1F); XI (1A,2D,1E,1G,1L); XII (11A,11B,10G,8K,10M,12N)
VII (1E); XII (5E,7M)
IX (2K,1L,1R)
II (2E); IV (5L); VI (2D,4F,1G,1H); XII (4C,1E)
IV (2A), IX (2B,2C,1D, 1L, 1R), X (1D)
X(1F)
VI(13A)
I (4A); II (2D,3F,5G,2H,2M,1R); III (1A,2C); IV (2B,1OC,1G,2L,6N); V (2D,1G); VI
(11B,7C,2D,2G,2H,4M,4N); VII (5A,1B,3G,3M,3N,5P,3R); VIII (3F); IX (1E,1K,1M), X (1B, 2D,1E);
XI (1A,2B,5C,1D,1F,1G,1H,2R); XII (8A,7B,1D,4E,8F,7G,8H,5K,12N,3P,12R)
II (2R)
IV(2A,1F,3N,1R); V (2G,2H); VI (1E); VII (2H); IX (1F); X (1B); XI (1R); XII (1D,9N)
II (3A); XII (3G)
I (1N)
II (1D,2F); XII (1F)
I (3F)
V (19M)
V(49A)
VI(20A)
I (1E)
IV (8B,10G,6H); XI (2G)
I (2D); VIII (1M); X (1B)
IV (3F); V (4B); VI (4G)
I (12C, 3H, 4M, 3P); II (7B,4C,1D,1F,3H,1K,1N,3P,8R); III (1B,1F,1M); IV (14A,1E); V
(5C,2E,1F,10G,5L,5N,7R) ,VI (1D,1F,1G,3K,7P,2R); VII (1D); VIII (4A,3E,4K,4P,3R); IX (2F); X
(1C); XII (8D,5E,6F,4L,4M)
I (4H,3K,7R)
IV (2K)
I (7A,5B,1E,7F,9G,1L,1N,7R); II (18A,3B,5C,3F,10G,3L,3M,3P,7R); III (2H,3N);
IV(2D,1E,1F,4G,17H,7K,3L,4M,1P,15R); V (4C,5D,5E,2F,10G,6H,11K,7L,14N4P,5R); VI
(7B,8C,3D,2E,3F,5G,3H,14K,6L,13M,12N,12P,6R); VII (10A,13B,3D,3E,4G,3M,4N,5P12R); VIII
(4B,1D,3F,4G,5H,3K,3L,1M,3N); IX (2A,5,1E); X (1C,1D,2G); XI (1A,2N); XII
(10A,13B,6C,5D,9E,12F,6G,10H,12K,2L,9M,9N,9R)
IV(1D,4M)
IV(3B), V (3F,6R); VI (7L,14P); VII (6A)
IX (1G); X (1A)
IX (2C,2H,1L,1R)
I (2E)
III (1G,1K)
II (1N)
III (1H); VI (1E); XII (6P)
III (2B); V (5K)
II (2K); V (2H); VI (3G); VII (1E,1F); VIII (2C,1G); X (1E); XI (1A); XII (3A,3B)
VI(1E,2N); IX (1A); X (1C); XI (1D); XII (1E,1F)
IV (1F), V (1P); XII (1D)
II (4P)
I (1F); III (1A,2F); VII (2G,2H); VIII (1D); X(1N)
VI (2D) ; VIII (2A); IX (1E, 1K, 1L, 1M); X (1F,1N,1R); XII (5B,1E,11F,7K)
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P. digitatum
P. echinilatum
P. expansum

I(5A,1L); V (2F); VI (5B); VIII (1B,2F); XII (2C,3M)
II (2A);V (1F)
I (1D); III (1E); VII (3M)

P. griseofulvum

I (1N,1R); II (3R); III (1B); V (1K); VIII (2P); IX (1N); X (1B); XI (1D); XII (7K)
VIII (1F,3R); XI (1E)
V (2C), VII (1F), IX (2B,2H); X (1G); XII (7K)
II (2E)
II (2D)
I(1R); II (1D,2G,3N); XII (5D)

P. hirsutum
P. italicum
P. janczewskii
P. melinii
P. olsonii
P. oxalicum
P. paxilli
Talaromyces purpurogenus
P. raistrickii
Talaromyces rugulosus
P. solitum
P. viridicatum
Paecilomyces variotii
Phialocephalo sp.
Phoma sp.
Rhizopus oryzae
Rhizopus stolonifer
Stachybotrys sp.

Sterile mycelium

Yeasts

I (4A,1F,1K,4R); II (2B); III (1M); IV (2B,1D,1E,1F,1H); V (1H); VI (1D,1L); VIII (1G,6H,3M); IX
(1A,1C,1D,1G,1L,4N,3R); XII (1A,1C,1D,1G,1L,4N,3R)
IV(1F); V (1E)
II (1D); XI (1F); XII (2D,2F)
II (2E); VI (3P)
II (4D,1L); VII (3A,1P)
VII (1F); VIII (1N); IX (2A); X (1D); XII (1F)
I (1H)
I (1E); V (2D,1F); VI (2F); VII (1D); X (1L); XII (1E,4K)
IV(1F)
VI (5R), VII (1B), IX (9G), XI (1E)
IV (1F) ,V (1F),VI (3R), VII (1C,1K), VIII (1E), IX (1A), XI (1L,1N)
II (1E),V(1A,2B,1L,1R) ,VI (1A), VII (2D,1F)
X (1D)
I (3A,5B,7C,7D,5E,4,7G,6H,15K,8L4M,2N,1P,4R), II (1A,2C,1K,1L,1M), III (1A,3D,2E,2K), IV
(4A,3E,5G,6K,1L,3P,4R), V (13B,9C,1G,9H,11K,1L,3N,6R), VII (3A,5B,13C,5K,9L,2M,2N,2R), VIII
(3B,1H,1L,5N,3P),IX (1B,2C,2K,1L,2M), X (1H,1M), XI (1B,1C,2G,3K,1M,2N,1R), XII
(8A,7B,7C,2D,3K,2L,1M,12N,4P)
I (3A,1B,5E,2G,3K,4M), II (7A,5B,16C,9D,12K,4L,9M,18N,17P,35R), III (1A,3D,2E,1K),
IV(7A,3B,3C,4D,2E,2F,4G,2H,3K,4L,2P,2R), V (7B,5C,1H,3K,2M,2N,1R),VI (2D,2E,5F),
VII(2B,7C,4G,2M,3N,2R), VIII (4B,5C,3G,8N,3P,19R), X(1H,1M), XI(3B,2C,2G), XII
(6A,4B,7C,6D,6E,3F,7G,3K,3L,10N,2P)

A: The hospital garden, B: The front of the main entrance to the unit C: Service entrance D: Level 1 incubator
room E: Level 2 incubator room F: Level 3 incubator room G: Hallway H: Storage K: Kitchen L: Charge nurse
room M: Drug preparation room N: Assistant room P: Private room R: Isolation room
* Because the private room (P) point was locked and not used in January, February and March, no samples were
collected from this room during those three months.

In the present study, no correlation was
detected between humidity and the genera
identified.
Correlation analysis values were as follows: p
= 0.248> 0.05 for the genus Alternaria, p = 0.073>
0.05 for the genus Aspergillus, p = 0.421> 0.05 for
the genus Cladosporium, p = 0.842> 0.05 for the
genus Helminthosporium, p 0.05 = 0.05 for the
genus Paecilomyces, p = 0.075> 0.05 for the genus
Penicillium, p = 0.953> 0.05 for the genus Phoma,
p = 0.782> 0.05 for the genus Rhizopus, p = 0.992>
0.05 for the sterile mycelium, and p = 0.171 > 0.05
for the yeast.

Of all the species, the ones isolated in all the
periods
were
Alternaria
alternata
and
Cladosporium oxysporum (Table3).
In the present study, humidity and temperature
levels at each sampling point were measured and
recorded In statistical analysis, no correlation was
observed between the total numbers of microfungi,
and temperature (p = 0.991> 0.05) and humidity
parameters (p = 0.091> 0.05).
Analysis results were as follows: p = 0.755>
0.05 for the genus Alternaria, p = 0.945> 0.05 for
the genus Aspergillus, p = 0.934> 0.05 for the
genus Cladosporium, p = 0.159> 0.05 for the genus
Helminthosporium, p = 0.444> 0.05 for the genus
Paecilomyces, p = 0.571> 0.05 for the genus
Penicillium, p = 0.576> 0.05 for the genus Phoma,
p = 0.499> 0.05 for the genus Rhizopus, p = 0.483>
0.05 for the sterile mycelium, and p = 0893> 0.05
for the yeast.

DISCUSSION
Microorganisms has gained access to neonates
from the mother during passage through the birth
canal and in utera from hematogenous spread or
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Medicine Hospital is located in the city
center, where the population and traffic are dense
and vegetation. The microfungi inside the hospital
are largely of outdoor origin. This might be due to
the large population of patients and their relatives
and friends accompanying or visiting them, hospital
staff who continuously get out and in the hospital,
and doors and windows.
Absidia,
Acremonium,
Arthrinium,
Aureobasidium, Beauveria, Botrytis, Candida,
Chaetomium,
Chrysosporium,
Epicoccum,
Fusarium, Gliocladium, Mucor, Nigrospora,
Paecilomyces, Phoma, Rhizopus, Scopulariopsis,
Sporobolomyces, Stemphylium, Syncephalastrum,
Trichoderma, Ulocladium and Verticillium (12; 13;
14; 15; 16; 17) are the genera present in the indoor
atmosphere in very small amounts (18;13, 14; 15;
16; 17). In the present study, the first four genera
with the highest density were Cladosporium
(74.33±63.43),
Aspergillus
(39.33±61.43),
Penicillium
(23.00±23.50)
and
Alternaria
(20.17±25.10); however, the genera isolated in a
limited number were Paecilomyces (2.17±1.60),
Phoma (2.00±2.00) and Rhizopus (2.62±2.07)
(Table 2). According to Rainer et al. (2000), fungal
density in hospital rooms where normal sick people
stay should be less than 100 cfu / m3 and lower than
this amount in the special ICU rooms.
According to the results of the present study,
given the fungal density determined in all the
sampling periods and points, the total density was
less than 100 cfu / m3 in all the points in July
(2011), January (2012), February (2012), and
March (2012). In August (2011), September (2011)
and October (2011), this amount was exceeded in
all the sampling points except for a few ones. The
amount determined in April (2012) was well above
this value (Table1).
In the present study, the relationship between
fungal density changing by months and
meteorological factors was investigated. The
analysis revealed that the total amount microfungi
detected each month was not always in parallel with
the temperature (p = 0.991> 0.05) and humidity (p
= 0.097> 0.05).
In the present study, humidity and temperature
levels at each sampling point were measured and
recorded. The results of correlation analysis
between the temperature and the genera isolated
were as follows: p = 0.755> 0.05for the genus
Alternaria, p = 0.945> 0.05 for the genus
Aspergillus, p = 0.934> 0.05 for the genus
Cladosporium, p = 0.00> 0.05 for the genus
Eurotium, p = 0.159> 0.05 for the genus
Helminthosporium, p = 0.444> 0.05 for the genus
Paecilomyces, p = 0.571> 0.05 for the genus
Penicillium, p = 0.576> 0.05 for the genus Phoma,
p = 0.499> 0.05 for the genus Rhizopus, p = 0.483>
0.05 for the sterile mycelium, and p = 0893> 0.05
for the yeast.

ascending vaginal infection. And also, they can
acquire the infections post-partum through
inhalation, ingestion, direct inoculation into the
skin, and exposure to the hospital environment.
Pathogenic or opportunist fungi in hospital
environments may be a source of infection in
susceptible hosts (8) Because premature babies
have very weak epithelial tissues, mucosal barriers
and underdeveloped immune system and intensely
undergo invasive procedures such as central venous
catheter and intubation, they are stated to be more
prone to fungal infections (9).
According to the results of sampling and
identification processes conducted in the present
study for 12 months, April (2012) was the period
during which the most intense microfungi were
isolated. Of the 12 one-month sampling periods,
April 2012, the 12th period was period in which the
highest fungal density was determined in all the
sampling points. During the 12th sampling period,
the hospital garden was the place where the highest
amount of fungi (1320 cfu / m3) was isolated In
September 2011, the amount of microfungi in the
hospital garden was 1000 cfu / m3, which
corresponded to the second highest amount. In
October 2011, the 7th sampling period, the amount
of microfungi isolated in the hospital garden was
880 cfu / m3 which was the third highest amount
(Table 1).
Cladosporium has always been the dominant
fungi in the outer environment, and inner
atmosphere of healthy buildings. Cladosporium is
the microfungi species isolated very often and is
particularly more intense in periods when humidity
is high (10). During the present study, especially
Cladosporium concentration was determined at
high levels (74.33±63.43).
In the present study, in September, during
which the weather was very hot, the density of
Cladosporium was higher than it was in any of the
RWKHU PRQWKV ,Q 0H]]DUL HW DO¶V VWXG\  
summer was the season during which the genus
Cladosporium was reported to be present in highest
amounts.
Fungi detected in the indoor and outdoor
atmosphere other than the genus Cladosporium
genus were the genera Penicillium, Aspergillus, and
Alternaria, and yeasts and mycelia sterilia.
Dominant genera in the hospital are usually
Aspergillus and Penicillium. The density of other
fungi varies from one season to another and from
one region to another (11). In terms of this aspect,
this present study is different. The hospital unit
where this present study was conducted was the
newborn intensive care unit which posed the
greatest risk to health. On the other hand, the genus
with the highest density was the genus
Cladosporium (74.33 ± 63.43) indicates that
prevention and protection strategies in the hospital
unit were inadequate. Ege University Faculty of
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and immune systems were developed
sufficiently. These infants a large part of whom are
born with low birth weights and an underlying
systemic infection are at the greatest risk of
developing infections.
The widespread presence of A. fumigatus, a
potentially pathogenic species, in a neonatal
intensive care unit suggests that stricter precautions
should be taken and controls should be conducted
more regularly (Table 3).
Species such as Aspergillus fumigatus,
Aspergillus flavus, Aspergillus niger, Aspergillus
nidulans and Aspergillus terreus have been
reported as the cause of infections both in adults
and in children. It has been reported that while A.
fumigatus and A. niger are localized in the lungs, A.
flavus is localized on the skin, A. fumigatus in the
brain, A. nidulans in the bone marrow (22).
Reports on neonatal aspergillus infection indicate
that this kind of infection is on the increase. Of
these species, particularly A.flavus, A. fumigatus, A.
niger and A. terreus were isolated in the present
study (Table 3).
Risk factors for neonatal aspergillosis are:
gestational age less than 32 weeks, birth weight
below 1500 grams, constructions and renovations
of hospitals. In addition, hospital gauze, bedclothes,
clinical tapes and clothing are tools contributing to
the spread of Aspergillus spores. The use of broadspectrum parenteral antibiotics and corticosteroids
has been associated with the spread of aspergillosis
(23).
Of the airborne fungi, A. fumigatus is
responsible for more than 80% of invasive fungal
infections [31]. Pegues et al. [24] observed that A.
fumigatus infection developed in a patient who was
staying in the intensive care unit after undergoing
liver transplantation. They also observed that two
other patients staying in the same unit developed A.
fumigatus infection. After the molecular studies, it
was determined that Aspergillus spores were firstly
transmitted into the air while wound dressings were
changed, and then indirectly to other humans as
airborne spores. (24)
Since premature birth is a very important risk
factor for the development of invasive zygomycosis
among all pediatric population, some detailed
research has been conducted for those infants with
zygomycosis (25, 26). Roilides et al. overviewed
the pertinent literature on neonatal zygomycosis
cases published in PubMed until July 2007 (25, 26).
They also reviewed individual references.
They detected infection development in 59 12-day
old infants. Most of them (73.8%) are preterm
infants because their mothers had diabetes mellitus
or hematologic malignancies. The most common
patterns of zygomycosis in neonates are
gastrointestinal and cutaneous diseases. Mortality
rates particularly due to gastrointestinal infections
are very high. Especially in cutaneous infections,

The results of correlation analysis between the
humidity and the genera isolated were as follows: p
= 0.248> 0.05 for the genus Alternaria, p = 0.073>
0.05 for the genus Aspergillus, p = 0.421> 0.05 for
the genus Cladosporium, p =0.00> 0.05for the
genus Eurotium, p = 0.842> 0.05 for the genus
Helminthosporium, p 0.05 = 0.05 for the genus
Paecilomyces, p = 0.075> 0.05 for the genus
Penicillium, p = 0.953> 0.05 for the genus Phoma,
p = 0.782> 0.05 for the genus Rhizopus, p = 0.992>
0.05 for the sterile mycelium, and p = 0.171 > 0.05
for the yeast.
When the relationship between the genera
isolated, and temperature and humidity was
analyzed, no correlation was determined between
them. The analysis regarding the correlation
between the 12 Aspergillus species isolated in the
present study and temperature and humidity
revealed that the only positive correlation was
between the species A. awamori and temperature (p
= 0.04 <0.05).
Some species belonging to this genus are
saprophytes and some are found in dry habitats
such as seeds; however, members of this genus are
essentially soil fungi. However, in recent studies
while some species of Penicillium have been
determined as pathogenic, there is evidence that
some other species of it can cause allergies (Ökten,
2008). In the present study, Penicillium with its
10% density took the third place (Figure 1). Its
amount in the hospital unit where premature
newborn babies stay is noteworthy.
Aspergillus species are widely distributed in
the environment. They colonize in soil, leaves, live
plants and cereals. They can also be isolated from
the ventilation system, unfiltered air, floors and
foods in hospitals, and contaminated dust in
hospital constructions (20). Aspergillus spores can
easily spread to the environment and therefore can
cause infection. In taxonomic studies conducted so
far, 185 Aspergillus species have been identified.
Of these species, 20 are responsible for human and
animal infections, and among these 20 species, the
most frequently observed pathogenic species
throughout the world are Aspergillus fumigatus,
Aspergillus flavus and Aspergillus niger (21). These
three Aspergillus species were isolated in the
present study too. The presence of this species in
units where newborns with very weak immune
systems stay pose a very great risk. According to
Morris et al. (2000), although the ideal density of
Aspergillus in an environment where the air is
filtered with the HEPA filter is less than 0.1 cfu /
m3, it should never exceed 5 cfu / m3. Of the species
belonging to this genus, the amount of A. fumigatus
in April 2012, the 12th sampling period, was
detected to be 200 cfu / m3 (Table 3). The infants
staying in the neonatal intensive care units where
the present study was conducted were premature
babies who were born before their mucosal barriers
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[5] Pitt, J.I. (2000) A laboratory guide to
common Penicillium species. Food Science
Australia, 197p.
[6] Klich, M.A. (2002) Identification of common
Aspergillus Species. Centraalbureau voor
Schimmelcultures, Utrecht, The Netherlands,
116p.
[7] +DVHQHNR÷OXø  6RLOIXQJL3XEOLFDWLRQ
of Atatürk University, Volume 7 (689). Kazým
Karabekir Faculty of Education No: 11,
Erzurum (in Turkish)
[8] Hsieh, E., Smith, P. B., Daniel K. Benjamin,
D.K. (2012) Neonatal fungal infections: when
to treat?, Early Hum Dev, 88( 2): S6±S10.
doi:10.1016/S0378-3782(12)70004-X.
[9] Maldonado, Y., A. (2010) Pneumocystis and
Other Less Common Fungal Infections in
Infectious Diseases of the Fetus and Newborn
Infant, 7th, Remington, (Eds), Elsevier
Saunders, Philadelphia p.1078.
[10] Gómez, A., S., Torres-Rodríguez, JM.,
Ramírez, A., E., García, M., S., and Soler, B.,
J. (2006) Seasonal Distribution of Alternaria,
Aspergillus, Cladosporium and Penicillium
Species Isolated in Homes of Fungal Allergic
Patients. J Investig Allergol Clin Immunol.,
16(6), 357-363.
[11] Araujo, R., Cabral, J.P., Rodrigues, A.G.,
Portugal, P. (2008) Air filtration systems and
restrictive access conditions improve indoor air
quality in clinical units: Penicillium as a
general indicator of hospital indoor fungal
levels. Am J Infect Control., 36 (2), 129±134
[12] Dacarro, C., Picco, A., M., Grisoli, P., and
Redolfi, M.(2003) Determination Of Aerial
0LFURELRORJLFDO &RQWDPLQDWLRQ øQ 6FKRODVWLF
Sports Environment. J Appl Microbiol., 95(5),
904-912.
[13] Horner, W., E., Worthan, A., G., and Morey,
P., R. (2004) $LU DQG 'XVWERUQH 0\FRIORUD øQ
Houses Free Of Water Damage and Fungal
Growth. Appl Environ Microbiol, 70(11),
6394-6400.
[14] Jo, W., K., and Seo, Y., J. (2005) Indoor and
Outdoor Bioaerosol Levels at Recreation
Facilities, Elementary Schools, And Homes,
Chemosphere, 61(11), 1570-1579.
[15] Martinez, K., F., Rao, C., Y., and Burton, N.,
C. (2004) Exposure Assessment and Analysis
for Biological Agents, Grana, 43(4), 193-208.
[16] 6DXWRXU06L[W1'DOOH)/¶2OOLYLHU&
Fourquenet, V., Calinon, C., Paul, K., Valvin,
S., Maurel, A., Aho, S., Couillault, G., Cachia,
C., Vagner, O., Cuisenier, B., Caillot, D., and
Bonnin, A. (2009) Profiles and Seasonal
'LVWULEXWLRQ RI $LUERUQH )XQJL LQ øQGRRU DQG
Outdoor Environments at a French Hospital.
Sci Total Environ., 407(12), 3766-3771.
[17] Shelton, B., G., Kirkland, K., H., Flanders, W.,
D., and Morris, G., K. (2002) Profiles of

infections either remain localized or can spread to
adjacent or distant tissues by extending over the
subcutaneous tissues of the body. In the present
study, R. oryzae was a commonly isolated species.
Outbreaks of zygomycosis are caused by the use of
contaminated wooden tongue depressors or
venipunctures through contaminated and inflamed
skin. So they are of environmental origin.
Outbreaks of zygomycosis may develop not only
through air-borne contamination in the hospital
environment but also be transmitted from one
patient to another through healthcare workers.
Health personnel who look after an average of
15 babies in an incubator room should be extremely
careful about hygiene. They should replace gloves
with the new ones when they start looking after
another baby while providing healthcare and
control, and if necessary, they should disinfect their
hands with hand sanitizers. The time the incubator
is opened should be kept to a minimum, and the
baby in the incubator should not be exposed to
room
environment
unnecessarily.
Hospital
mployees should wear disposable clothes like
surgical gowns each time they enter the incubator
room from outside. We believe that even small
precautions taken this way will greatly help to keep
the indoor microfungi flora of an intensive care unit
at a certain level.
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ABSTRACT

INTRODUCTION

In this research, an experiment was conducted
to test the efficiency of volcanic rock subsurface
constructed wetland system in the removal of the
major pollutants in the lightly polluted river water,
when the hydraulic loads were respectively 0.167
m3·m-2·d-1, 0.125 m3·m-2·d-1, 0.100 m3·m-2·d-1,
0.083 m3·m-2·d-1 and 0.071 m3·m-2·d-1. The result
showed that during the operation of the subsurface
constructed wetland in over four months, the
system demonstrated high efficiency in the removal
of the CODǃNH3-NǃTN and TP in lightly polluted
river water with the highest removal rate of
67.06±2.63%, 85.71±2.29%, 82.33±2.12% and
64.42±2.78% for the four pollutant. The experiment
also showed that the volcanic rock subsurface
constructed wetland system achieved the highest
removal efficiency when the hydraulic load was
0.100 m3·m-2·d-1. Furthermore, the analysis of
performance index, SEM and chemical components
showed that volcanic rock had such characteristics
as high porosity, large specific surface area and
high adsorption capacity, and SiO2 took the largest
proportion of its chemical components.

Water in the polluted river, lake, etc., with
small quantity of pollutants, is usually referred to as
lightly polluted water. Many in-dept researches
have been done on the methods of treating lightly
polluted water, such as biological aerated filter
(BAF),
membrane
bioreactor
(MBR),
electrochemical oxidation technology, etc. [1~4].
These methods have high efficiency in the removal
of the major pollutants in lightly polluted water,
however, the large construction investment, high
cost in operation and maintenance and high energy
consumption have become the bottleneck for the
development of these methods. In comparison,
constructed wetland not only performs well in the
treatment of polluted water, but also requires simple
operation, small investment and low operation and
maintenance costs. Meanwhile, it can also improve
the ecological landscape[5~12]. Therefore, it has
been accepted by many countries and widely used
in engineering practice, and more and more
researches have been done on its application in the
removal of pollutants in lightly polluted water
[13~17]. According to the forms of streams,
constructed wetlands can be classified into surface
flow constructed wetlands and subsurface flow
constructed wetland, while the subsurface flow
constructed wetlands can be further classified into
horizontal and vertical subsurface flow constructed
wetland according to the flow direction. The
horizontal subsurface flow constructed wetland
technology was used in this study to treat lightly
polluted water, aiming at removing the excessive
pollutants such as organic matter, nitrogen,
phosphorus, etc. in Douhe river of Tangshan, China.
Meanwhile, the operating parameters of the
constructed wetland were optimized, and its

KEYWORDS:
subsurface constructed wetland, volcanic rocks, lightly
polluted river water, hydraulic load
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1. Water tank 2.Influent pipe 3. Sieving soils 4. Small size volcanic rocks
5. Large size volcanic rocks 6. Gravel 7. Effluent pipe
FIGURE 1
Structure of subsurface constructed wetland
operation laws
evaluated.

in

pollutants

removal

were

The composition of the influent used in all
experiments is shown in Table 1.
Methodology. Hydraulic retention time has
obvious influence on the removal of pollutants in
constructed wetland. Samples were collected with
hydraulic retention time of 3d, 4d, 5d, 6d and 7d
after the hydraulic load was controlled
intermittently, and the corresponding hydraulic
loadings were 0.167 m3·m-2·d-1, 0.125 m3·m-2·d-1,
0.100 m3·m-2·d-1, 0.083 m3·m-2·d-1 and 0.071
m3·m-2·d-1. The whole system operated for over 4
months with operation cycles of 7 days.

MATERIALS AND METHODS
Testing apparatus. The experiment was
carried out in a laboratory with a controlled
environment in Tangshan of P. R. China. The
horizontal subsurface wetland systems consisted of
one 10m2 wetland mesocosm (10.0m long ×2.0m
wide× 0.6 m deep) with four layers of matrix. The
sieving soils were laid at the uppermost layer, the
depth of which was 0.10m. The second layer was
consisted of small size volcanic rock with a depth
of 0.15m and particle diameter of 0.5-2mm. The
large size volcanic rocks were laid at the third layer
of the wetland, with particle diameter of 2-3mm
and depth of 0.15m. Gravel, with a particle
diameter of 6-10mm, was laid at the bottom of the
wetland system, and the depth was 0.10m. Cannas
were planted in the soils with the planting density
of 9/m2. The schematic diagram of the main
apparatus is shown in Fig. 1.
Influent quality. The raw wastewater was
collected from river water of Douhe in Tangshan.

RESULTS AND DISCUSSION
COD removal. As is shown in Fig.2, with
different hydraulic loading, the volcanic rock
subsurface wetland exhibited a good COD removal
efficiency. In the initial stage of the experiment, the
COD removal efficiency showed a gradual
increasing trend with hydraulic loading decreased.
Namely, with the hydraulic loadings of 0.100, 0.083

TABLE 1
Quality of raw water
Parameter

Unit

Concentration

pH
Chemical oxygen demand(COD)

mgL-1

6.5~8.0
72~108

Ammonia nitrogen (NH3-N)

mgL-1

12.1~27.2

Total nitrogen (TN)

mgL-1

17.2~38.2

Total phosphorus (TP)

-1

mgL
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FIGURE 2
COD removal efficiency with different hydraulic loading in subsurface constructed wetland(percentages
˅
of COD removal is shown as mean± s.d., n=3˅
and 0.071 m3·m-2·d-1, the constructed wetland
exhibited a better removal efficiency for COD with
the highest removal rate of 61.88±2.41% (when
hydraulic load was 0.100 m3·m-2·d-1). After the
steady operation of constructed wetland system for
over two months, the COD removal efficiency
gradually became stable. When the hydraulic load
reached 0.100 and 0.083 m3·m-2·d-1, the constructed
wetland system still had the optimal COD removal
effect on the lightly polluted water with the highest
removal rate of 67.06±2.63% (when hydraulic load
was 0.100 m3·m-2·d-1); while when the hydraulic
loadings were 0.167, 0.125 and 0.071 m3·m-2·d-1,
the COD removal efficiency gradually decreased in
the system. One reason for the changes was that
when the hydraulic loading reached a certain value
with the passing of time, the decrease of hydraulic

loading could result in the further reduction of
dissolved oxygen in the wetland, which broke the
balance of the living environment for the
microorganism that could degrade organisms.
Moreover, the decrease of the hydraulic load could
also lead to the unfavorable changes in the complex
microbial degradation conditions of plant roots. In
addition, the basic completion of the biofilm
culturing process in constructed wetland and the
maturity of the biofilm could also help the
constructed wetland system achieve the high and
stable efficiency in aerobic treatment. Furthermore,
the good adsorption performance of volcanic rock
also played a positive role in promoting the removal
of COD.

FIGURE 3
NH3-N removal efficiency with different hydraulic loading in subsurface constructed wetland(percentages
of NH3-N removal is shown as mean± s.d., n=3˅
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NH3-N removal. As is shown in Fig.3, with
different hydraulic loading, the volcanic rock
subsurface constructed wetland exhibited high
efficiency in the removal of ammonia nitrogen,
with the removal rate basically above 71.32±1.57%.
The change of the hydraulic loading had a little
influence on the removal of ammonia nitrogen in
volcanic subsurface wetland, but there was a
tendency that the removal rate of ammonia nitrogen
gradually increased with the decrease of the
hydraulic loading. Especially after the system
operated steadily for over two months, when the
hydraulic load was 0.071, 0.083 and 0.100
m3·m-2·d-1, the removal rate of NH3-N was higher,
with the highest removal rate reaching
85.71±2.29% (when the hydraulic load was 0.071
m3·m-2·d-1). The main reason for such changes was
that while the hydraulic loading decreased, the
subsurface wetland got more time for
reoxygenation,
including
atmospheric
reoxygenation and the transfer of oxygen in the
plant roots, which provided a better environment
for the nitrifying bacteria to grow and reproduce, so
that the efficiency in the removal of NH3-N
increased. However, when the hydraulic loading
achieved certain value, the further decrease of it
would lead to the reduction of dissolved oxygen in
the wetland, i.e. the rate of rexygenation would be
lower than the rate of oxygen consumption, so the
growth of nitrifying bacteria was suppressed, which
resulted in the decrease in the removal rate of
NH3-N. In addition, it was easy for the
microorganisms to attach to the surface of volcanic
rock because the surface was rough, which also
determined the good biodegradation effect of the
subsurface wetland. Furthermore, the volcanic rock

has a larger specific surface area, namely, it is a
kind of subsurface wetland matrix with
porous structure, so the adsorption effect of
volcanic matrix also improved the removal
efficiency of NH3-N.
TN removal. As is shown in Fig.4, in the
initial stage of the experiment, similar with the
removal of the previously discussed pollutant, the
efficiency in the removal of TN in the wetland
system fluctuated with the passing of time, but the
general tendency is that the TN removal rate first
increased then decreased with the decrease of
hydraulic loading. When the hydraulic loading was
0.083and 0.100 m3·m-2·d-1, the system achieved
optimal TN removal efficiency with the highest
removal rate reaching 78.22±1.91% (when the
hydraulic loading was 0.100 m3·m-2·d-1). After
operating for over two months, the subsurface
wetland system came to the stable period and
achieved the best TN removal effect in the whole
experiment with the highest removal rate reaching
82.33±2.12% (when the hydraulic loading was
0.100 m3·m-2·d-1). The removal of TN is the key
process in the treatment of polluted water. The
reason for the high TN removal efficiency in
volcanic rock subsurface constructed wetland might
be that with different hydraulic loading, the content
of dissolved oxygen in the wetland changed
regularly, which helped keep a good state of anoxia
and aerobic in the wetland system, and provided a
good living environment for the nitrifying bacteria
and denitrifying bacteria, so the process of
nitrification and denitrification was kept smoothly
to achieve a good effect of nitrogen removal.

FIGURE 4
TN removal efficiency with different hydraulic loading in subsurface constructed wetland(percentages of
TN removal is shown as mean± s.d., n=3˅
˅
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FIGURE 5
TP removal efficiency with different hydraulic loading in subsurface constructed wetland(percentages of
TP removal is shown as mean± s.d., n=3˅
TP removal. As is shown in Fig.5, the
volcanic rock subsurface wetland had high
efficiency in the removal of TP. With different
hydraulic loading, the TP removal rate in the
wetland system was kept between 36.42±1.62% and
64.42±2.78%, and when the hydraulic loading was
0.100 m3·m-2·d-1, the system achieved the highest
TP removal efficiency, with removal rate of
64.42±2.78%. In the initial stage of the system
operation, the TP removal rate in the system was
not stable, but the general tendency could be
detected that when the hydraulic loading decreased,
the removal rate increased. And in the later period,
when the operation of the system was stable, the
removal rate changed more obviously with the
change of hydraulic loading: the removal rate was
the lowest when the hydraulic loading was
0.167m3·m-2·d-1, and the highest when it was
0.100m3·m-2·d-1.The removal of TP in the
subsurface wetland was achieved mainly by the
adsorption of the matrix and biological action of
phosphorus-accumulating bacteria. Because of the
unique characteristics of volcanic rocks, the
subsurface wetland could adsorb the phosphorus
efficiently. On the other hand, the matrix inside the
wetland could provide good environment for living
and reproduction of phosphorus-accumulating
bacteria, including the alternation of the aerobic and
anaerobic conditions, so the good effect of TP
removal was achieved. Especially when the
hydraulic loading was 0.100 m3·m-2·d-1, all the
reaction conditions achieved optimal state, so the
TP removal rate was the highest.

In conclusion, with different hydraulic
loadings, the volcanic rock subsurface wetland
system had remarkable efficiency in the removal of
the major pollutants, i.e. COD, NH3-N, TN and TP,
in the lightly polluted river water, and when the
V\VWHP EHFDPH VWDEOH DIWHU RYHU WZR PRQWKV¶
operation, its removal rate of COD, NH3-N, TN and
TP
respectively
reached
67.06±2.63%,
85.71±2.29%, 82.33±2.12% and 64.42±2.78%. The
above analyzed data showed that when the
hydraulic loading was 0.100 m3·m-2·d-1, the
volcanic rock subsurface wetland system achieved
highest efficiency in the removal of the major
pollutants.
Analysis of the characteristics of the
volcanic rock matrix. Analysis of the
characteristics and the SEM image of volcanic
rock. The volcanic rocks used in this experiment
were produced by a filter factory at Zhangjiakou
City in P. R. China. As is shown in Tab.2 and Fig.6,
volcanic rocks were hard particles with high
porosity and large specific surface area, which
made it an ideal material for constructed wetland.
There was no point on its surface, so it could not
only reduce the flow resistance inside the
subsurface wetland, but also prevent blocking.
Furthermore, air and water were well distributed in
the volcanic rock constructed wetland, and the
honeycomb structure of the volcanic rock surface
provided it with high water absorption capability
and enabled it to adsorb organics, nitrogen and
phosphorus, therefore, the microbes could grow fast
in the wetland. In addition, practice had proved that
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TABLE 2
Characteristics of the volcanic rock
Characteristics
Volumetric Weight

Unit

Test Result

3

kg/m

740

Proportion

1:1.29

Moisture Content

ˁ

0.9~1.0

Porosity

ˁ

73~82

Specific Surface Area

2

m /g

13.6~25.5

Compressive Strength

Mpa

5.78

Shear Strength

Mpa

3.98

Attrition Rate

ˁ

˘1

Time of biofilm culturing

hour

27

Hydrochloric Acid Solubility Rate

ˁ

˘1.0
of volcanic rock was similar with the other common
rocks and the content of SiO2 determined the
change in the content of the other oxides. In
addition, volcanic rock also contained some trace
elements, including Ba, Sr, Zr, etc.

FIGURE 6
Scanning electron microscope image of volcanic
rock
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FIGURE 7
Chemical analysis chart of volcanic rock

Chemical analysis of volcanic rock. As is
shown in Fig.7, the volcanic rock matrix contained
many elements, among which the content of O was
the highest, taking up over 50% of the total weight
of the matrix. The content of the other elements
were represented by the percentage of their oxides,
among which the content of SiO2 was the highest,
reaching 50.17%, the next was Al2O3, with the
content of 15.39% and the third was CaO, with the
content of about 12.32%. The other elements are
Fe2O3, K2O, MgO, Na2O, FeO, H2O and TiO2 in
order. The above components, taking up about 99%
of the total weight of the volcanic rock, greatly
promoted the adsorption removal of nitrogen and
phosphorus in the polluted water. The composition

CONCLUSION
In this experiment, the volcanic rock
subsurface wetland was used to treat the lightly
polluted river water. In the neDUPRQWKV¶RSHUDWLRQ
of the subsurface wetland, the system developed
from the initial stage to the stable stage, and it
demonstrated high efficiency in the removal of the
major pollutants in the lightly polluted water. With
different hydraulic loadings, the volcanic rock
VXEVXUIDFHZHWODQGV\VWHP¶Vhighest removal rate of
COD, NH3-N, TN and TP respectively reached
67.06±2.63%, 85.71±2.29%, 82.33±2.12% and
64.42±2.78%. The comprehensive analysis showed
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that
when
the
hydraulic
loading
was
0.100m3·m-2·d-1, the volcanic rock subsurface
wetland system achieved highest efficiency in the
removal of the major pollutants. The characteristic
analysis of volcanic rock matrix showed that the
volcanic rocks were hard particles with high
porosity and large specific surface area, and among
the chemical components, the content of SiO2 was
the highest. On the other hand, volcanic rock had
good adsorptive property and could provide ideal
living environment for the microbes.
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ǿlias Ntoufas1, Stylianos Liodakis2, ȃikolaos Tzamtzis2
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School of Foresty and Natural Environment, Aristotle University of Thessaloniki, Greece
School of Chemical Engineering, National Technical University of Athens, Athens, Greece

2

suitable species for reforestation with less
flammable species, in order to reduce the risk of
fire.
Forest material consists of three basic parts:
(a) wood, which is the inside part and it actually
constitutes the largest percentage of the forest
material, (b) the bark, which surrounds the wood
and it is separated in the outer bark of the tree and
the internal, which has lighter color, and (c) the
foliage, which are the needles for the coniferous
and the leaves for the broadleaf trees [1].
From chemical point of view, the three parts
have
approximately
the
same
chemical
composition, since they are all composed of
cellulose, hemicellulose, lignin, extracts and
minerals (ash). The proportion of each component
varies from species to species.
Besides the structural components of cell
walls, there is large number of small molecule
organic chemical compounds in the wood, which
can be extracted from it by using neutral solvents
without changing the structure. These organic
compounds are named extracts (or extractable
components). They are deposited in the cell
hollows and pinholes in the cell walls during
differentiation of wood poles either as savings and
protective substances or as remnants of dead
protoplasm.
The extract of the foliar of forest species
contains a large number of chemical compounds,
such as aliphatic, aromatic, alicyclic, monomeric,
oligomeric, polymeric, various alkaloids and
inorganic compounds, which are related more or
less to the mechanism of photosynthesis of the
trees. These compounds are pigments since they
give to the needles their characteristic color.
Chlorophyll and carotene are the most important
pigments.
Because of the fact that nitrogen
compounds, such as chlorophyll, are essential for
photosynthesis, the foliage contains a large
percentage of nitrogen (foliage 1%). This is why
chlorophyll and proteins are key components of the
foliage. The needles of conifers contain 6-8% of
their dry weight in proteins [2].
Foliage also contains relatively large amounts
of essential oils (the industrial extraction of pine
needles yields 2-3% terpenes), resin acids, fatty

ABSTRACT
In the current study we examine the
combustion of granulated forest foliage of certain
tree species before and after extraction. We studied
the contribution of the extractable components of
the Euro-Mediterranean vegetation type foliage:
Abies Cephalonica, Pinus Halepensis Mill.,
Quercus Coccifera L., during combustion. These
species are often found in the Euro-Mediterranean
biome, as native species or as preferred ones for
reforestation. We conducted experiments with the
Soxhlet extraction apparatus, Bomb calorimetry and
thermobalance (TG-DTG) in order to obtain useful
and valid results concerning the amount of extracts,
the heat content and the coefficients of
flammability. According to the results of the
experiments, there are significant differences in the
values of the heat content of the extracts and in the
flammability coefficients of the sample from the
foliage of the species which are being tested before
and after extraction.
The utilization of the
conclusion leads to better forest management
planning for fire protection. Furthermore, it can
help to develop fire spreading models and assist to
the production of new forest fire retardant means.
KEYWORDS:
Euro-Mediterranean vegetation species, particle foliar
flammability, Extraction, Thermal analysis, Bomb
calorimetry, Forest fire management planning.

INTRODUCTION
The evolution of plant communities in forest
and grassland of Euro-Mediterranean ecosystems is
associated with the presence of fires. These
ecosystems get disturbed by human activities
(tourism, urban sprawl, recreation, etc.), which
along with the presence of fires make them more
vulnerable and cause degradation of the
environment. During the hot summer periods, the
Euro-Mediterranean type ecosystems get affected
by fires. The flammability of forest species, as
field of study, can give us information to help forest
fires management. This will lead to the selection of
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well, the higher heating value of the extracts of
lignin and holocellulose are related to the
percentage of carbon in the wood [21]. The role of
the extractives in the propagation of forest fires has
been monitored by determining the rate of
gasification of these materials and the related
release of energy (heat release) as a function of
temperature [22].
Literature research revealed that no study has
examined the effect of the extractable components
Ƞn the flammability of forest materials before and
after the extraction of the foliage of EuroMediterranean vegetation, just like species that
grow on Mount Parnitha, Attica, Greece and current
study intends to cover this gap. The aim of the
project is: a) better management of forest fires, b)
better understanding of the mechanism of
combustion of forest species, c) better management
of forests and d) to facilitate to the selection of
appropriate fire resistant varieties for reforestation.
The main objectives of this work are to study
the forest species before and after extraction in
order to:
a. calculate the particle flammability of forest
species by differential thermogravimetric analysis
b. calculate their heat content
c. correlate their heat content and auto-ignition
d. correlate ignitability with the other
parameters of flammability (eg combustion
duration)
e. Classify forest types into categories,
according to their flammability properties
f. create data for the development of fire
spread model in ecosystems.
By achieving these objectives we will be led
to: a) better management of forest fires; b) a better
understanding of the mechanism of combustion of
forest species and c) better selection of appropriate
fire resistant varieties for reforestation.

acids and waxes (the percentage of the extracts in
non-polar solvents is 10 to 15%), sterols,
carotenoids, alkaloids, vitamins and a large number
of individual chemical compounds.
The chemical compounds of the foliage and
particularly terpenes vary in between the different
species and origins of trees and they are used in
chemo-systematic and genetics (David et al. 1991).
The diversity of extracts constitutes an important
instrument to the chemo-systematic and to the
genetic improvement of forest trees. The strength
of the trees to diseases, the wood resistance to rot
and insect attacks, the color and odor of the wood,
the resin production and other extracts are mostly
controlled by genetic factors.
The phenolic
compounds and monoterpenes are the main source
of genetic diversity [2, 3].
Extracts play an important role in
flammability and, mostly, in ignitability of plant
species.
Researchers report that the volatile,
organic compounds of leaves play important role in
flammability [4, 5]. For this reason, plant species
with high proportion of extracts are susceptible to
fire, as they ignite easily. Extracts increase the
calorific value of wood, especially the higher
heating value (HHV) [6]. Most fires are getting
spread to Pinus Halepensis Mill. forests [7].
The flammability of forest species has four
main components: ignitability, combustibility,
sustainability and consumability [8]. Ignitability
determines how easily the fuel ignites;
sustainability is measure of the ability to maintain
the combustion reaction with or without heat
source; combustibility reflects the rapidity with
which fuel is consumed; consumability accounts for
the completeness of combustion (mass loss as
proportion of total mass) [9]. These components
may be determined by the main combustion
parameters: ignition temperature, ignition delay
time, combustion duration, heat content and mass
residue [8,10,11,12,13,14].
The combustible
material ofr forest species does not present uniform
flammability. It is classified according to the
species as more or less flammable [15].
Some dominant Mediterranean species have
been classified according to their energy content
[16, 17], whilst the heat content of the leaves, bark
and wood of various plant species has been
identified as they are found to dominate maquis
ecosystems in the Euro-Mediterranean region [18].
The particle ignitability of different kinds of forest
species has been investigated and found that the
most flammable species is the forest carpet
followed by Pinus halepensis Mill [19]. The
granulated forest material of Pinus halepensis Mill.
species, originating from different geographical
areas in Greece has been studied, and variation was
found in their flammability [20].
There is a direct correlation of energy content
to the percentage of lignin and wood extracts. As

MATERIALS AND METHODS
Samples. Tests were conducted on three forest
fuels: Abies cephalonica, Pinus halepensis Mill.
and Quercus coccifera L. The selected species are
very common in the Euro-Mediterranean region and
they are often devastated by forest fires. All
samples were mature foliage. A prerequisite for
conducting the sampling was to ensure that at least
two days would have passed since the last rainfall
in the sampling areas, whilst we avoided the
morning and evening hours. Otherwise the samples
would contain a lot of moisture, which would affect
the measurements as it would not be possible to
control fungal infection of samples [23]. For each
species, a bulk sample comprised of mature leaves
detached from three to eight individual plants was
collected, in order to minimize interspecies
differences [15].
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TABLE 1
Sampling protocol details
Location

Experimental area 1

Experimental area 2

Experimental area 3

Experimental area 4

Experimental area 5
28 February 2013

Date

28 February 2013

28 February 2013

28 February 2013

28 February 2013

Time

12:00-14:00

12:00-14:00

12:00-14:00

12:00-14:00

Geographical
coordinates

38° 09¶05.99¶¶ȃ

¶¶¶ȃ

38° 09¶18.34¶¶ȃ

38° 09¶16.00¶¶ȃ

38° 09¶13.47¶¶ȃ

23° 39¶59.80¶¶Ǽ

¶¶¶Ǽ

23° 39¶44.50¶¶Ǽ

23° 39¶32.22¶¶Ǽ

23° 39¶24.36¶¶Ǽ

Aspect

East

East

East

East

Elevation

700 m

735 m

750 m

770 m

Slope

25%

25%

25%

25%

25%

Bedrock

Limestone

Limestone

Limestone

Limestone

Limestone

Temperature
Apparent
T
Wind

11-12ȠC

11-12ȠC

11-12ȠC

11-12ȠC

11-12ȠC

12:00-14:00

800 m

11-12ȠC

11-12ȠC

11-12ȠC

11-12ȠC

11-12ȠC

SE//2-3Bf

SE//2-3Bf

SE//2-3Bf

SE//2-3Bf

SE//2-3Bf

Humidity

54-58%

54-58%

54-58%

54-58%

54-58%

Pressure

1021.0 mb

1021.0 mb

1021.0 mb

1021.0 mb

1021.0 mb

Dew point

3-4ȠC

3-4ȠC

3-4ȠC

3-4ȠC

3-4ȠC

Thermogravimetry (DTG) on a Mettler Toledo
TGA/SDTA 851 apparatus, we used samples of
20mg and an open type alumina (Al2O3) sample
holder. The samples were heated under nonisothermal conditions (25° C ȑȦȢ  &  ZLWK D
linear heating rate of 10° C min-1. We conducted
all runs in air atmosphere with a flow rate of 100
mL min-1, to ensure complete combustion. The
particle flammability measurements of forest
species were based on the following DTG analysis
data, recorded by the STAR-e software system of
Mettler Toledo TG/SDTA 851 apparatus:
1. Onset of gas-phase combustion, in ƕC, is
defined as the relative spontaneous ignition
temperature (RSIT).
2. DTG peak height, in % oC-1, which is the
maximum weight loss rate (MWLR) during
combustion and is related to the combustion rate.
3. Endset minus onset of DTG peaks, in
minutes, is defined as the combustion duration
(CD).
MWLR1 and CD1 refer to the gas-phase
combustion, whereas MWLR2 țĮȚ CD2 to the solidphase one.
This method is commonly used to investigate
flammability of forest species as it reduces the
influence of plant structure and presents good
reproducibility of the results [19].

The samples were selected from the National
Park of Mount Parnitha, Attica, Greece. The area
was chosen for the following reasons:
 ,W LV D W\SLFDO DUHD rich in EuroMediterranean plant biodiversity.
 ,W LV FKDUDFWHUL]HG DV KLJKO\ IODPPDEOH DUHD
[24].
,WLVDVXEXUEDQDQGHDVLO\DFFHVVLEOHDUHD
The collection site data of forest species are
shown in Table 1.
In addition, sampling was conducted in such a
way so as to ensure the largest possible dispersion
of samples (size of selected foliage, collecting
position of tree, age of tree, exposure, etc.), in order
to obtain the best possible representative sample
[25, 26, 27].
Treatment. Foliage samples per species were
gathered in airtight polyethylene bags, which were
put in carton box and were brought immediately to
the laboratory. The samples were naturally dried
(in a controlled dark area) until they reached
constant weight, in order to achieve conservation of
all extractable constituents.
Samples of each species were homogenized
separately in order to produce representative
results; they were ground into a uniform powder
(dust) to eliminate structure factor and problems
associated with heat and mass transfer. The
fraction between 0.1 and 0.2 mm size was selected
and used in all tests due to its reproducible results.
Samples were finally placed in a dry box at 32° C
and relative humidity 21% to obtain uniform
conditions before each
experiment
[16].
Flammability assessment of the particle forest
material was conducted by means of: a) thermal
analysis (TG and DTG), b) bomb calorimetry and
c) a laboratory extractive Soxhlet device.
Thermal
analysis.
Thermogravimetry
(TG)

Ǻomb calorimetry. Bomb Calorimetry was
employed to determine Higher Heating Value
(HHV) of samples using a Parr 1341 Plain Oxygen
Bomb Calorimeter coupled with Parr 6772
Thermometer.
All grounded samples were
compressed in a pellet form, with each pellet
measuring 1.3 cm diameter, weighing 1 g (± 1%).
Three replicate measurements were conducted at 30
atm pressure. Corrections were made for the length
of ignition wire, but no corrections were made for
sulfuric and nitric acids since this correction can be
considered as negligible for plant species [28,29].

We
carried
out
and
Differential
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FIGURE 1
Percentage of extracts and moisture of granulated foliage of the species
moisture varies between 4.5% to 6% as it is shown
in Figure 1.
From the comparative study of the results
(Figure 1) we find that among the species: a) there
is difference in the percentage of extractable
components (up to 3.50%) and b) the quantity of
the extracts and their humidity (non-structural
elements) are important factors to be considered in
future flammability assessment surveys [2, 34, 35].
The data given are the mean values of three
replicate measurements, with relative standard
deviation lower than 1%.

Soxhlet. Soxhlet extraction apparatus is a type
of laboratory glassware widely used for the
extraction of substances from various plant
materials [2, 30, 31, 32, 33]. A Soxhlet extractor
has three main sections: A percolator (boiler and
reflux) which circulates the solvent, a thimble
(usually made of thick filter paper) which retains
the solid to be laved, and a siphon mechanism,
which periodically empties the thimble.
With this method we aim to isolate the
extracts from the forest material by sequential
extraction in various organic apolar solvents
(hexane, benzene etc). The extracts which are
removed are volatile components (terpenes,
hydrocarbons, acids, aldehydes and alcohols, with
basic structure the monoterpene and certain
phenolic compounds) and resinous components
(resin acids and related compounds with basic
structure diterpene acids, fatty acids, fats and
waxes) resins, oils, tannins [2]. In this way, the
total of the volatile components of the foliage is
kept and we achieve representative results when we
compare them.
We separated the samples in two groups: As
virgin we call the samples before treatment, whilst
extract free we call the samples after deduction of
all extracts. The methodology for the calculation of
the extracts is defined by international standards.
Particulate forest material is extracted in a Soxhlettype extractor by sequential extraction of benzeneethanol mixture (2:1) for four (4) hours, in pure
ethanol (95%) for four (4) hours and then it gets
washed with hot water [2, 34, 35].

Thermogravimetric
Analysis.
In
air
atmosphere under combustion conditions of thermal
analysis, there are two main exothermic peaks
(Figures 2, 3, 4, 5, 6, 7, peaks 1, 2). The first peak
(around 310o C), is attributed to the phase of
combustion gases, whilst the second peak (around
410o C), is attributed to the solid combustion phase
of coal residue, known as smoldering combustion
[8].

RESULTS
FIGURE 2
DTG curves of Abies cephalonica,
combustion in synthetic air atmosphere (100 mL
min-1) and heating rate 10°C min-1.

Soxhlet. After extraction we performed
quantitative determination of the extracts. The
percentage of extractable components of the
samples, depending on the species, varies between
20.30% and 23.50%, whilst the percentage of
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FIGURE 3
TG curves of Abies cephalonica, combustion
in synthetic air atmosphere (100 mL min-1) and
heating rate 10°C min-1.
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FIGURE 6
DTG curves of Quercus coccifera L.
combustion in synthetic air atmosphere (100 mL
min-1) and heating rate 10° C min-1.

FIGURE 4
DTG curves of Pinus Halepensis Mill
combustion in synthetic air atmosphere (100 mL
min-1) and heating rate 10°C min-1.

FIGURE 7
TG curves of Quercus coccifera L. combustion in
synthetic air atmosphere (100 mL min-1) and
heating rate 10°C min-1.
1) The curves of each species are different
from those of the other comparing species. As
well, there are differences between DTG and TG
curves of each species, as far as it concerns their
thermogravimetric profiles before and after
extraction.
2) The relative auto-ignition temperature of
forest species was determined from the beginning
of the first DTG curve, which is shown in Figures
2, 4, 6 peak 1. This means that virgin forest
materials exhibit lower ignitability compared to
forest materials which are extract free [2, 8, 10, 19].
3) The maximum mass loss rate of the gas
combustion phase is related to the combustibility: it
gets higher as the MWLR1 value gets higher too [8,
11, 12]. In our study, virgin forest materials exhibit
reduced combustibility compared to extract free
forest materials, because they have lower maximum
rate of mass loss (Figures 2, 4, 6 peak 1).
4) The combustion duration of gas phase is
related to combustibility: the more combustible
species have lower combustion duration values
[8,9]. In the current study, virgin forest materials
exhibit reduced combustibility compared to extract
free forest materials (Figures 2, 4, 6).

FIGURE5
TG curves of Pinus halepensis Mill.
combustion in synthetic air atmosphere (100 mL
min-1) and heating rate 10°C min-1.
The data given are the mean values of three
replicate measurements, with relative standard
deviation lower than 3%. Figures 2, 3, 4, 5, 6, 7
illustrate the results of Thermogravimetric analysis
of the species before and after extraction. A
comparative study of these results leads us to the
following conclusions:
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5) There is change in the mass residue at 600o
C (Figures 3, 5, 7). According to the above results,
the lower the percentage of the mass residue is, the
more flammable the material is [36].
This means that virgin samples of Abies
cephalonica and Quercus coccifera have increased
flammability, because they have lower mass residue
rate compared to extract free samples. Whilst the
samples of Pinus Halepensis Mill. have almost the
same percentage of mass residue before and after
extraction. This is due to the quality and quantity
of the extracts, and it also depends on the sampling
season [2, 37, 38].

Fresenius Environmental Bulletin

2) There is difference in the amount of heat
content up to 4.796% among the samples of the
three species before and after extraction.
Based on the results of Bomb Calorimetry we
note that the existing quantity of extracts causes
YDULDWLRQV LQ IODPPDELOLW\¶V FRHIILFLHQWV WR
combustibility and sustainability. The amount of
the extractable components in the foliage of species
is an important factor which should be taken under
consideration in future flammability assessment
surveys.

DISCUSSION
Bomb Calorimetry. An important factor
associated to the combustibility is the thermal
energy of combustion (energy content) which is the
energy that sustains the chain reaction of
combustion. The thermal energy of combustion is
expressed either as a higher heating value (HHV) or
lower heating value (LHV). HHV is the amount of
energy released by the complete combustion of a
mass unit of the sample in constant volume of air
atmosphere. Combustible materials with high
calorific value and low total ash content are
characterized as highly flammable fuels [39, 40].
The results of HHV measurements are
indicative only for the tested samples and not for
the entire population of the species. The results
showed a relative standard deviation which is <3%
[41]. The ash content correlates with the properties
of combustion and ignition, as the least flammable
forest species contain less volatiles and they have
got higher inorganic substance [22].
From the comparative study of the results
concerning the amount of heat content of the
samples of the species (Figure 8) we note that:
1) There is difference up to 10.817% between
the samples of the same species before and after
extraction.

Based on the comparative study of the
experimental results we found that there are
differences in the coefficients of flammability and
in the heat content of the samples before and after
extraction. The combustion rates that we received
from the experimental instruments can be used to
rank the forest species of the particular EuroMediterranean ecosystem.
According to the results, the amount of
extracts contained in the granulated forest material
differs from species to species. The percentage of
the extracts contained in the examined species, is
ranging from 20.50% to 23.50% (Figure 1).
The study of the combustion results of the
samples of the particle forest material after
extraction (soxhlet) leads us to the following
conclusions depending on the species:
x We notice distinct shifts in the curves of the
DTG diagrams, which is highlighting the
involvement in flammability of the extractable
components (volatile and nonvolatile) of forest
material (Figures 2, 4, 6, peaks 1, 2).
x The combustion phenomenon delays to start,
up to 9.5%, which means reduce of the ignitability
of the forest material (Figures 2, 4, 6).

FIGURE 8
Heat content of granulated forest material before and after extraction
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FIGURE 9
Relative spontaneous ignition temperature of fuel material before and after extraction

FIGURE 10
x Relative combustion duration of fuel material before and after extraction
Figures 11 and 12 show relative
combustibility with criterion the maximum rate of
mass loss.
We observe that the relative
combustibility has correlation coefficients R2=0.91
before extraction and R2=0.02 after extraction. The
combustibility of cellulose (peaks 1) of DTG curves
is greater after extraction. The opposite occurs with
lignin (peaks 2) of DTG curves.
x The mass residue at 6000 C decreases up to
25.4%, which means that the sustainability of
combustion decreases (Figures 3, 5, 7).
Figure 13 shows the relative sustainability
with criterion the mass residue at 6000 C. We
observe that the relative sustainability has
correlation coefficients R2=0.02 before extraction
and R2=1.00 after extraction.
x The heat content reduces up to 10.081%,
which means that combustibility and sustainability
decrease as well (Figure 8).
Figure 14 presents the relative sustainability,
based on the species with the highest heat content.
We observe that the relative consumability has
correlation coefficients R2=0.908 before extraction
and R2=0.35 after extraction.

Figure 9 shows the relative spontaneous
ignition (initial temperature of combustion), based
on the most flammable fuel (Pinus Halepensis
Mill.), and the auto-ignition temperature before and
after extraction. We observe that the relative
spontaneous ignition has got almost similar
correlation coefficients before extraction and after
extraction (R2=0.69, R2=0.71 respectively) because
their auto-ignition temperatures almost coincide.
x The duration of combustion is reduced up to
23%, which means increase of combustibility
(Figure 2, 4, 6).
Figure 10 shows the relative combustibility,
with criterion the combustion duration, based on the
most combustible species. The combustion duration
is longer before extraction. We observe that the
relative combustibility has correlation coefficients
R2=0.18 before extraction and R2=0.75 after
extraction.
x The maximum rate of mass loss increases up
to 33%, which means increase of combustibility
(Figure 2, 4, 6, peak 1).
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FIGURE 11
Relative MWLR1 combustibility of fuel material before and after extraction

FIGURE 12
Relative MWLR2 combustibility of fuel material before and after extraction

FIGURE 13
Relative sustainability of fuel material before and after extraction

FIGURE 14
Relative consumability of fuel materials before and after extraction
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The evaluation of the extractable components
can help to create an index of species¶
flammability, presenting their clear tendency to be
more or less flammable materials.

The differences that we observe on the various
flammability parameters, when we remove the
extractable components from the particle forest
material, depend on the type of fuel and the study
conditions.
New sampling was conducted in the same
experimental area the following year (2014). The
coefficients of flammability presented similar rates,
providing continuous results to the measurements
(as far as it concerns the measurements by
thermobalance (TG and DTG), Bomb Calorimetry,
Soxhlet) and for this reason their publication was
not considered necessary.

Moreover, this study contributes to the
development of models on the characteristics of
behavior and spread of fire and to the development
of new chemical retardant means.
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PRECIPITATION SCAVENGING OF HEAVY METALS IN
TSP IN ARID CITY OF CHANGJI (XINJIANG, CHINA)
Cheng Liu, Yu-Yan Liu*, Fang-Fang Tian, Feng-Shan Shi
Department of Chemistry and Applied Chemistry, Changji University, Changji, 831100, P. R. China

of respiratory disease and cancer [1-3]. The
composition of TSP can be inorganic, organic, or a
complex mixture of both [4]. Among the many
inorganic pollutants in TSP, heavy metals are of a
major concern due to their covert, persistent and
irreversible properties. Heavy metals can cause a lot
of diseases, for example, allergy, asthma, and lung
cancer. The synergy of TSP and heavy metals
associated with TSP may lead to more severe
synergistic toxicological effects.
Meteorological conditions play an important
role in scavenging and fate of atmospheric
pollutants [3, 5-7]. As one of typical meteorological
conditions, precipitation has a certain effect to
scavenge the atmospheric pollutants [8]. Although
there are some studies about precipitation
scavenging of TSP, the research of precipitation
scavenging of heavy metals in TSP is rarely
reported.
Changji (44.05 N, 87.31 E) is located in
Xinjiang (China), which is in the center of Asia and
Europe, and is known as the "Silk Road" of the new
North Road. These years, as the move of
industrialization and urbanization, the consumption
of energies and resources has been increasing
continuously. Increasing pollutants were emitted
into atmosphere. In addition, Changji is located in
arid and semiarid regions and has a typical
continental arid climate. The annual precipitation is
only about 200 mm. The precipitation in the form
of snow is common during winter and in the form
of rain during other seasons. Unlike temperate
monsoon climate city, Changji has frequent snow
event in winter but few rainfall events and less
rainfall in other seasons. The distinct characteristic
of precipitation lead to unique scavenging of
atmospheric pollutants [9]. However, information
on scavenging of atmospheric pollutants for arid
land is very limited. Against this background, a
research was carried out to determine the

ABSTRACT
To identify the precipitation scavenging of
heavy metals in TSP, atmospheric samples were
conducted for nine precipitation events between
October 2013 and May 2014 in arid city of Changji.
The concentrations of TSP and four heavy metals
(Cu, Pb, Ni and Cd) were estimated. The result
showed that both of average concentrations of TSP
and every heavy metal in TSP after precipitation
were lower than those before precipitation, which
indicated that precipitation had effect to scavenge
TSP and heavy metals in TSP. For some of
precipitation events, the concentrations of all heavy
metals in TSP after precipitation were lower than
those before precipitation. However, in remaining
precipitation events, for some of the four heavy
metals, the concentrations before precipitation were
lower than those after precipitation. To better
investigate scavenging effect of precipitation,
improved scavenging ratio (Si) was given. The
biggest Si appeared in precipitation event with low
precipitation amount. Besides, for different kind of
heavy metal, there was difference between Si of rain
and snow.
KEYWORDS:
heavy metal, TSP, precipitation, improved scavenging
ratio, arid city

INTRODUCTION
Air pollution is caused by both gaseous and
particulate pollutants. TSP is one of important
particulate pollutants. However, it has become the
primary atmospheric pollutant in China. A lot of
studies have reported that long term exposure to
high concentration of TSP can increase morbidity
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FIGURE 1
Map of the study area
TABLE 1
Data of precipitation characteristics of nine precipitation events
Ordinal of

Precipitation

Duration of

Precipitation

Precipitation
a/mm

Continuous

precipitation

date

precipitation/d

form

1
2

2013-10-10
2013-11-3

2
1

rain
rain

0.8
0.2

18
21

3

2013-11-8

3

rain

5.5

6

amount

drying time/d

4

2013-11-20

2

rain

3.8

10

5

2013-12-17

2

snow

2.9

25

6

2013-12-21

2

snow

0.1

2

7

2014-1-4

2

snow

0.1

12

8

2014-2-23

1

rain

6.4

1

9

2014-4-7

1

rain

3.6

27

precipitation scavenging of heavy metals in TSP in
arid city of Changji.

sampling site was in the downtown area of the city,
it was more secluded and had less human
interference than others in the city [10]. The study
was carried out for nine precipitation events
between October 2013 and May 2014 (including
non-heating period and heating period). TSP
samples of 24 h were respectively collected before
and after precipitation on the
roof at approximately 12 m above the ground level

MATERIALS AND METHODS
Site selection and sampling procedures. The
sampling site was established on the Changji
College North Campus (Fig.1). Although the
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using middle volume sampler (TH-150, Wuhan
Tianhong, China) at approximately 0.1 m3/min
through glass fiber filers (9-cm diameter, Wuhan
Tianhong, China). The filters were put into dry dish
for 48 h and weighed before and after sampling. It
must be noted that samples were only collected
during non-precipitation periods. Data of
precipitation characteristics shown in Table 1 was
recorded and carefully maintained.

RESULTS AND DISCUSSION
TSP
concentrations.
The
average
concentration of TSP before precipitation was
 ȝJP3 with a range of 69.44± ȝJP3
and LW ZDV  ȝJP3 with a range of
69.44± ȝJP3 after precipitation. Both of
them were not up to primary standard of TSP (120
ȝJP3, Ambient Air Quality Standards, China). The
average concentration of TSP before precipitation
was approximately two times higher than that after
precipitation, which verified the result that the
precipitation had significant effect to scavenge TSP
[11].

INSTRUMENTS
The main instruments were as follows: an
SHIMADZU
AA-7000
atomic
absorption
spectrometer and a Milli±Q water purification
system.

Variations between concentrations of heavy
metals in TSP before and after precipitation.
Table 2 shows the average concentrations of four
heavy metals in TSP before and after precipitation.
The average concentration of Ni, Pb, Gu, and Cd
before precipitation was  ȝJP3  ȝJP3,
 ȝJP3 DQG  ȝJP3, respectively. The
average concentration of Ni, Pb, Cu, and Cd after
SUHFLSLWDWLRQ ZDV  ȝJP3  ȝJP3, 0.75
ȝJP3 DQG  ȝJP3, respectively. Average
concentration of every kind of heavy metal before
precipitation was higher than that after precipitation.
The result showed that the precipitation had
scavenging effect for the four heavy metals in TSP.
The average concentrations of Cu, Pb, Ni and Cd
before precipitation were 8.0, 1.7, 1.3 and 1.2 times,
respectively, higher as compared to those after
precipitation, which indicted that precipitation
scavenging effect for Cu was better than three other
elements. This may partly attribute to the fact that
the speed of Cu accumulation was smaller than
three other elements after precipitation.
For every precipitation event, we investigated
the concentrations changes between the heavy
metals in TSP before and after precipitation
(Because concentration of Cd in TSP can be
detected for only two precipitation events, the
concentration change of Cd was not discussed). The
concentrations of all heavy metals before
precipitation were higher than those after
precipitation in some of the nine precipitation
events (Fig.2). For these precipitation event,
scavenging effect of precipitation may play a
leading role in affecting concentrations changes of
heavy metals in TSP.
On the other hand, in the remaining
precipitation events, for some of the heavy metals,
the concentrations before precipitation were lower

Reagents and standard solution. Guaranteed
reagent±grade chemicals and ultra±pure water were
used for all procedures, unless stated otherwise.
Nitric acid (65-68%, Sichuan Xilong Chemical
Industry, China) and perchloric acid (70-72%,
Tianjin Zhengcheng Chemical Industry, China)
were used for the digestion of TSP filter samples.
Ultra±pure water was used for washing, dilution,
and digestion purposes. Copper, lead, nickel, and
cadium calibration standards were prepared by
diluting single element atomic absorption standard
solutions (Shanghai Chemical Reagent Research
Institute, China) containing 1mg/mL metal ions.
Extraction of heavy metals. TSP Sampling
and control filter papers were processed separately
to extract the heavy metals by acid digestion. The
filter papers were cut into small pieces by using
polyethylene scissors and placed in a breaker. Then,
2-mL perchloric acid and 18-mL nitric acid were
added in the breaker. After a night room
temperature digestion, samples were further
digested at 200Ԩ for 2 h. Then, the suspensions
were filtered and the filtrates were diluted to a final
volume of 100-mL with 0.5 M nitric acid prior to
analysis.
Analysis procedures. Under the optimum
conditions, blank and standard solution series were
collected and the standard curves were
automatically draw by atomic absorption
spectroscopy.
Then,
the
heavy
metals
concentrations of mixed acid digested TSP samples
were determined.
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TABLE 2
Average concentrations of heavy metals before and after precipitation
Element

%HIRUHSUHFLSLWDWLRQ ȝJP3)

$IWHUSUHFLSLWDWLRQ ȝJP3)

Ni

10.21

7.80

Pb

8.43

5.06

Cd

0.87

0.75

Cu

1.03

0.13



%HIRUHSUHFLSLWDWLRQ
$IWHUSUHFLSLWDWLRQ

Concentration/ug L

-1


























D




-1



Concentration/ug L

Concentration/ug L

-1
















































F

E

FIGURE 2
The variation between the concentration of every heavy metal before and after precipitation for nine
precipitation events: (a) Pb, (b) Ni, (c) Cu
than those after precipitation (Fig.2). This result
was in agreement with the result reported by Ye et
al [12]. This result may be due to the fact that
besides of precipitation scavenging effect, there
were some other factors increasing concentrations
of heavy metals during the precipitation event. was
lower than that after precipitation. The reason for
this result may be that the city implemented
complete heating in 2013-11-9 and the emission
from coal combustion significantly increased after
2013-11-9. Some research reported that coal
contains a large number of Pb [13]. The increase of
emission from coal combustion inevitably results in
increase of Pb concentration. In the precipitation
event of 2013-12-17, the concentrations of Pb and
Ni before precipitation were lower than those after

precipitation, respectively, which may be attributed
to a sharp drop in temperature. The low temperature
is not conductive to the spread of atmospheric
pollutants [14]. Besides, the intensity of heating
increased with temperature decreasing, which lead
to concentration of Pb increasing with increasing
coal combustion. In the precipitation events of
2013-12-21 and 2014-1-4, the concentrations of Ni
before precipitation were all lower than those after
precipitation. The result may be due to the less
precipitation amount and high evaporation rate,
which are typical meteorological characteristics in
arid region. Precipitation tends to firstly scavenge
the particles with big size in TSP. Ni is easy to
attach in the particles with small size in TSP [15].
However, the precipitation amount of these two
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precipitation events was so litter that these two
precipitation events had hardly influence on
accumulation of particles with small size. The
concentration of Ni continued to increase with
accumulation of small particles. Further, unlike
temperate regions, the city is located in arid region
which has high evaporation rate. Each sampling
time was 24 h, during which atmospheric pollutants
would accumulate by evaporation. If the
precipitation amount was little, accumulation by
evaporation offset scavenging of precipitation [16].
One thing should arouse our attention. Without
exception, the concentration of Cu before
precipitation was higher than that after precipitation
in all precipitation events. This phenomenon
verified our point that the speed of Cu
accumulation was small. Precipitation scavenging
of Cu play a leading role in precipitation event.
Besides, from the phenomenon, we guessed that
compared with other heavy metals, sources of Cu
were relatively stable all the year round in Changji.
In summary, precipitation scavenging of heavy
metals had a major role in precipitation event. The
competition between precipitation scavenging of
heavy metals and accumulation of heavy metals
caused by other factors during precipitation event
may result that the concentrations of heavy metals
before precipitation were lower than those after
precipitation.

forward an improved scavenging ratio. The
improved scavenging ratio took precipitation
amount into consideration. Besides, for more
accurately representing precipitation scavenging
effect, we used concentrations of pollutants in
atmosphere before and after precipitation instead of
concentrations of pollutants in precipitation to
calculate concentrations changes [12, 18-19]. The
improved scavenging ration can be expressed by,
Si=(CB-CA)/(CBL)

CB and CA is the concentration of pollutant in
atmosphere before and after the precipitation,
respectively (ȝg/m3). L is precipitation amount
(mm). Where Si is improved scavenging ratio
(mm-1).
Table 3 shows Si of heavy metals in TSP for
the nine precipitation events. If the difference
between CB and CA was minus, the Si was defined as
zero (Because concentration of Cd in TSP can be
detected for only two precipitation events, the Si of
Cd was not shown).
The sequence of average Si of heavy metals
was Pb > Cu > Ni. The average concentration of Ni
was highest in TSP, but the average Si of Ni was
lowest. This result may be due to less precipitation
amount for most of precipitation events in arid
region. Because the amount of precipitation was
little, scavenging of small particles was weak [15].
However, the vast majority of Ni were attached in
small particles. The biggest improved scavenging
ratio appeared in precipitation event with low
precipitation amount, in agreement with results
reported by Ye et al [12].
For different heavy metals, there were
differences between Si of rain and snow. For Ni and
Cu, the average Si of rain was higher than the
average Si of snow. In winter, frequent snow event
can scavenge atmospheric pollutants frequently.
The concentrations of these two heavy metals in
TSP maintained at a stable and lower level
(Fig.2).The variation between concentrations of
heavy metals before and after precipitation was
relatively small, which may lead to low Si of snow.
On the other hand, in other seasons, the main form
of precipitation is rain. Because the number of rain
events is little in Changji, the interval between two
rain events is long. The accumulation of heavy
metals attained a very high level. The scavenging
quantity of heavy metals was relatively large in the.

Improved scavenging ratio. Scavenging ratio is
used widely as standard of scavenging effect of
precipitation. The scavenging ratio of a given
compound can be expressed by [17],
W=Crain/Cair

(2)

(1)

Where W is the scavenging ratio. Crain and Cair
is the concentration of pollutant in precipitation and
DWPRVSKHUHUHVSHFWLYHO\ ȝJP3).
However, this kind of scavenging ratio is not
applicable to all forms of precipitation. When
precipitation amount attains a value, the wet
precipitation of pollutant no longer grows and the
concentration of pollutant in precipitation continues
to decrease as the increasing of precipitation
amount. In other words, if using the concentration
of pollutant in precipitation to calculate the
scavenging ratio, we will obtain a result that the
heavier precipitation amount is, the lower
scavenging ratio will be. In order to better express
scavenging effect of precipitation, the research put
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TABLE 3
Improved scavenging ratio (Si) of heavy metals for nine precipitation events
Ordinal of

Precipitation date

Element

precipitation

Pb

Ni
-1

Cu
-1

Si (mm )

Si (mm )

Si (mm-1)

1

2013-10-10

0.45

0.24

1.25

2

2013-11-3

0.10

2.05

5.00

3

2013-11-8

0.00

0.03

0.13

4

2013-11-20

0.22

0.20

0.26

5

2013-12-17

0.00

0.00

0.06

6

2013-12-21

7.80

0.00

0.60

7

2014-1-4

1.70

0.00

0.80

8

2014-2-23

0.06

0.09

0.02

9

2014-4-7

0.22

0.00

0.28

1.17

0.29

0.93

average

precipitation events, for some of the heavy metals,
the concentrations before precipitation were lower
than those after precipitation.
(3) The sequence of average Si of heavy
metals was Pb > Cu > Ni. The biggest Si appeared
in precipitation event with low precipitation amount.
For different heavy metals, there were differences
between Si of rain and snow.

rain event, which may lead to high Si of rain.
Above all resulted in the average Si of rain was
higher than the average Si of snow, for Ni and Cu.
On the contrary, the average Si of snow was higher
than the average Si of rain for Pb. Coal contains a
large number of Pb and there is increased number
of coal combustion for heating in winter. The speed
of Pb accumulation in winter is faster than other
seasons [8]. The variation between concentrations
of Pb before and after precipitation was relatively
big in winter, which lead to the fact that the average
Si of snow was higher than the average Si of rain for
Pb
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CONCLUSION
By investigating the concentrations changes
between heavy metals in TSP before and after
precipitation, the following conclusions were
obtained:
(1) The average concentration of TSP before
precipitation was approximately two times higher
than that after precipitation, which verified that the
precipitation had effect to scavenge TSP.
(2) For every kind of the heavy metal (Cu, Pb,
Ni and Cd), the average concentration before
precipitation was higher than that after precipitation,
which indicated that precipitation scavenging of
heavy metals had a major role in precipitation event.
In some of nine precipitation events, concentrations
of all heavy metals before precipitation were higher
than those after precipitation but in the remaining
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SESQUITERPENOID CAULERPENYNE LEVELS OF NEWLY
IDENTIFIED CAULERPA TAXIFOLIA VAR.
DISTICHOPHYLLA FROM THE ISKENDERUN BAY,
TURKEY
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Eastern Mediterranean) was reported in 2007 [3].
Although its first observation was reported from the
*XOI RI øVNHQderun, currently its existence in
Antalya (Western coastlines of Turkey) and Sicily
has been reported by Jongma et al. (2013) [4]. Most
recently, it was reported in Cyprus [5].
Cevik et al. (2007) [3] reported that the
morphology of C. taxifolia observed in the Gulf of
øVNHQGHUXQ ZDV GLIIHUHQW IURP WKH LQYDVLYH
aquarium strain of C. taxifolia. According to Cevik
et al. (2007) [3], stolons of the strain observed in
WKH *XOI RI øVNHQGHUXQ ZHUH PRUH VOHQGHU DQG LWV
rhizoidal pillars were shorter than the aquarium
strain of C. taxifolia. Moreover, first molecular
analyses (ITS1-5.8S-ITS2 rDNA sequences) on C.
taxifolia from the region revealed that this species
has a different genetic structure compared to the
well-known Caulerpa taxifolia in the Western
Mediterranean region [3]. In a more recent study,
the identity and origins of C. taxifolia observed in
Sicily (Italy) were discussed in great detail by
Jongma et al. (2013) [4]. C. taxifolia observed in
Sicily was genetically compared with C.
distichophylla (from Australia), C. taxifolia (the
invasive aquarium strain) and C. taxifolia (observed
LQ*XOIRIøVNHQGHUXQ E\-RQJPDHWDO  >@
through the use of the tufA gene, rDNA ITS and cp
16S rDNA intron-2 sequences in molecular
analyses. Jongma et al. (2013) [4] have found that
both C. taxifolia var. distichophylla strains
REVHUYHG LQ 6LFLO\ DQG *XOI RI øVNHQGHUXQ ZHUH
genetically identical to each other. They were in the
same clade with C. distichophylla from Australia,
and according to the analyses of tufA cpDNA gene
and of the cp 16S rDNA intron-2 sequences; they
were genetically different from the aquarium strain
of C. taxifolia only with a single nucleotide
polymorphism. Therefore, due to the presence of
morphological and genetic differences between C.
distichophylla and C. taxifolia, Jongma et al. (2013)
[4] have proposed the use of Caulerpa taxifolia
(Vahl) C. Agardh var. distichophylla (Sonder)

ABSTRACT
The seasonal variations of caulerpenyne
(CYN) levels, secondary metabolite of Caulerpa
genus, were investigated in the fronds and stolons
of Caulerpa taxifolia var. distichophylla recently
SUHVHQW DW WKUHH VWDWLRQV LQ WKH *XOI RI øVNHQGHUXQ
the Eastern Mediterranean Sea, including its
relationships with various physicochemical
parameters of the sea water. The CYN levels were
highest in the spring, and decreased in autumn.
Also, the CYN contents in the fronds were
statistically higher than the stolons (p<0.05). The
highest seasonal mean CYN content was
GHWHUPLQHGLQWKHIURQGVDVÅZHWZHLJKW
during summer season. However, there were no
statistically significant differences in the CYN
levels among sampling stations (p<0.05). It was
also determined that the CYN levels had positive
correlations with temperature and oPO4-P
concentrations.

KEYWORDS:
Alien species, Mediterranean Sea, Caulerpa taxifolia var.
distichophylla, caulerpenyne

INTRODUCTION
Caulerpa taxifolia (M. Vahl) C. Agardh is
invasive green marine seaweed in the
Mediterranean Sea. It was accidentally introduced
to the Mediterranean Sea from Oceanographic
Museum of Monaco in 1984 [1]. After its first
observation in there, it has successfully invaded the
sublittoral ecosystem of the Mediterranean Sea.
Because of its effective invasive trait, this species is
FDOOHGDV³.LOOHU$OJD´>@8SWRGDWHWKLVVSHFLHV
has been observed in the seven Mediterranean
countries: Croatia, France, Italy, Monaco, Spain,
Tunisia and Turkey. The first observation of C.
taxifolia DW7XUNLVKFRDVWOLQHV *XOIRIøVNHQGHUXQ
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stations mentioned in Figure1, sufficient
amount of samples was not found in Isdemir, Toros
and Kokar stations at all seasons. Therefore, these
stations were not included in the analyses. The
Figure 1 was obtained by using Basemap extension
of Matplotlib package [12] within Enthought
Canopy Academic software (Austin, TX, USA).
The samples from three stations were collected at
10m, 15m, 20m, 25m and 30m depth contours as a
transect. The samples were collected from defined
quadrates (2x10 m). The sampling dates were as
follows: spring 2010 (from May 27 to June 5),
summer 2010 (from July 31 to Aug. 8), autumn
2010 (from Oct. 24 to Nov. 3), and winter 2011
(from Jan. 13 to Feb. 1), respectively. The method
of Sureda et al. (2009) [13] was used to estimate the
CYN levels in the samples. Shortly, the seaweed
materials were washed with tap water to remove
salts and also epiphytes and then frozen with liquid
nitrogen until used. The methanolic extracts were
prepared by using 50 mL methanol for 5 g fresh
seaweed and then extracts were applied to sep-pak
cartridges (WATERS, WAT020515). The CYN
transformation by esterases was blocked by liquid
nitrogen. The samples were eluted with 5 mL of a
mixture of methanol: ethyl acetate (50:50). The
CYN concentrations in the elutions were
determined by using a HPLC system. The mobile
phase and column were methanol:water (80:20) and
hyperpack ODS 3 μm, 15x0.4 cm (Teknokroma),
respectively. CYN levels were measured at 254 nm
and quantified by using standard curve. The
isolation of CYN as a standard was carried out
according to the method of Cengiz et al. (2009)
[14].

Verlaque, Huisman and Procaccini, stat. nov.
instead of C. distichophylla.
Members of the Caulerpales have chemical
defences against herbivores and epiphytes like
many macroalgae. One of the best known among
them is a secondary metabolite produced by species
of the genus Caulerpa, caulerpenyne (CYN) [6-9].
Besides its production with defensive purposes,
CYN also has important bioactivities like cytotoxic
effects, growth inhibition of marine fungi, alteration
of sexual reproduction in sea urchins, prevention of
herbivory grazing by gastropods and fishes, and
toxicity against fishes [12]. CYN can also be
transformed into more toxic forms like oxytoxins
and reactive aldehydes by wound-activated
enzymatic reactions [10, 11]. The aim of the study
was to investigates the seasonal CYN levels of C.
taxifolia var. distichophylla, colonising in the Gulf
of Iskenderun, through examining the possible
effects of various hydrographical conditions
(temperature, light levels, depth etc.). Absence of
the investigation related to CYN levels of this
newly-introduced C. taxifolia var. distichophylla
strain from the Gulf of Iskenderun motivated us to
study the secondary metabolite chemistry.

MATERIALS AND METHODS
The names and the geographical coordinates
of the stations (Figure 1) are Çevlik (L1)
ƍƎ1ƍƎ( $UVX] /  ƍƎ
1 ƍƎ (  øVGHPLU ƍƎ 1 ƍƎ
( 7RURV ƍƎ 1 ƍƎ (  <XPXUWDOÕN
/  ƍƎ 1 ƍƎ (  DQG .RNDU
ƍ1 ƍƎ (  +RZHYHU DPRQJ WKH

FIGURE 1
Sampling stations. (/RFDWLRQ øVGHPLU /RFDWLRQ 7RURV DQG/RFDWLRQ .RNDU ZHUHH[FOXGHGIURm
analyses due to the insufficient sample size)
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mathematical transformation (Ln) was used
to normalize the data [19].
One-way ANOVA test was used to analyze
whether the sampling depths (10m, 15m, 20m,
25m, 30m) demonstrate any effects on the CYN
and temperature. The differences in the CYN
between stations or seasons were tested by
discarding a group (station or season) using oneway ANOVA test. Two-way ANOVA test was also
applied to check any interactions between the
stations and seasons. An another two-way ANOVA
test was used to determine whether there are any
differences between the CYN levels in the fronds
and stolons seasonally. In addition, presence of any
interactions was checked. Tukey multiple
comparison test was used to determine the factors
showing differences as a result of variance
analyses. The significance of main effects in twoway ANOVA was analyzed using the Bonferroni
test. Pearson multiple correlation test was used to
determine the correlation between the temperature
and the CYN. Multiple correlation test was also
used to determine significant correlations between
the CYN and environmental factors. Principal
component analysis (PCA) was performed among 8
factors (CYN, temperature, dissolved oxygen,
salinity, pH, TNOx, oPO4-P and NH4). K-means
clustering of the factors used in the PCA was also
performed. Significance level was determined as
0.05 for all analyses. IBM SPSS 20 [20] and R
package software [21] were used for statistical
analyses.

Abiotic parameters indicating seawater quality
such as temperature, dissolved oxygen, salinity, pH,
secchi disk and nutrients (TNOx (NO3+NO2), NH4,
oPO4-P) were measured at each station.
Temperature, pH, salinity, dissolved oxygen and
depth measurements were performed with a
multiparameter CTD profiler (Model 6600, YSI
Inc., USA). Seawater samples for laboratory
analyses were collected 0.5 m above the sediment
from -5, -10, -15, -20, -25 and -30 m depth contours
at each station by using a non-transparent universal
water sampler (Hydrobios GmbH, Germany). The
seawater samples were kept in a freezer and stored
frozen at -20 °C until the analyses. Inorganic
phosphate (o-PO4-P) was determined by the
reduction of phosphomolybdate complex in the
presence of ascorbic acid [15]. Nitrite (NO2) and
nitrate (NO3), initially converted to nitrite by the
cadmium reduction, were determined by the
sulphanilamide method [15]. Ammonia (NH4) was
analyzed by using the indophenol blue method [15].
The suspended particulate matter analysis was
included as an additional abiotic parameter after the
second
sampling.
The
light
penetration
measurements conducted with a luminometer both
at the air and at the various depths of seawater were
evaluated as percent penetration (%). The sediment
samples were collected by using an Ekman type
grab sampler and the sediments were stored in
polyethylene bags which were kept in ice during the
transport to the laboratory. Moisture content of the
sediment samples were determined from the weight
difference of wet and dried (at 105 °C) samples
(APHA, 1998). The sediment weight loss on
ignition was used as an indicator of organic matter
in sediments. For loss on ignition analysis,
sediments placed into porcelain crucibles were first
dried at 105 °C to remove moisture and then
transferred to a furnace and kept at 550 °C for 5 h
[16]. For sediment texture analysis, the density and
temperature measurements were performed
sequentially with a hygrometer following the pretreatment and dilution steps on the wet sediment
samples which were initially taken to include a
minimum of 50 g of dry matter. Then, the clay, silt
and sand percentages were determined with a set of
sieves [17]. Following the ignition, total
phosphorus in the homogenized sediments was
determined spectrophotometrically [18]. Total
Kjeldahl nitrogen in homogenized sediments was
determined titrimetrically following the ignition
and distillation [18].
The data obtained during the study were given
in the form of mean ± standard deviation. Before
the ANOVA tests, the data were checked using the
Shapiro-Wilk normality test for fitting the normal
GLVWULEXWLRQ DQG XVLQJ /HYHQH¶V KRPRJHQHLW\ WHVW
for homogeneity of the variances. In cases where
the data did not fit the normal distribution,

RESULTS
The relationships of CYN and seawater
temperature with sampling depths were compared
statistically by One-Way ANOVA and there were
no significant differences among the groups
(p<0.05, Table 1). The seasonal variation of
environmental parameters together with CYN
levels within stations were given in Table 2.
According to the Two-Way ANOVA test between
seasons, stations and CYN levels, a significant
decrease in CYN levels were found. According to
results, CYN levels were decreased in the seasonal
order of spring, summer, autumn and winter (Table
2). Spring and summer can be grouped separately
than autumn and winter (p<0.05, Table 2).
However, there were no statistically significant
differences between stations and CYN levels
(p<0.05). Also, the interaction between seasons and
stations was not significant (p<0.05).
The sediment measurements were given in
Table 3. It can be seen in Table 3, there were no
significant difference between location and season.

2869

© by PSP

Volume 25 ± No. 8/2016, pages 2867-2876

Fresenius Environmental Bulletin


TABLE 1
The CYN levels and seawater temperatures at the sampling depths (p<0.05)
Depth
10 m
15 m
20 m
25 m
30 m
Sig.
Between Group Mean Square

CYN
0.4±0.2a
0.3±0.2a
0.3±0.1 a
0.4±0.2a
0.4±0.2a
0.864
0.204

Temperature
22.24±4.5 a
22.03±4.4 a
22.09±4.3 a
22.15±4.1 a
22.06±4.1 a
1
0.242

TABLE 2
Means of the CYN levels and other environmental factors grouped
according to the seasons and stations
Season

Location

Spring

L1
L2
L3

ݔҧ௦ േ ܵǤ ܦǤ
Summer

ݔҧ௦௨ േ ܵǤ ܦǤ
Autumn*

ݔҧ௨ േ ܵǤ ܦǤ
Winter*

ݔҧ௪ േ ܵǤ ܦǤ

L1
L2
L3
L1
L2
L3
L1
L2
L3

CYN
ÅZZ
0.6±0.11A**
0.6±0.11A
0.6±0.031A
0.6±01a
0.4±0.11A
0.7±0.11A
0.5±0.41A
0.6±0.25a
0.3±0.11A
0.3±0.11A
0.05
0.3±0.13b
0.2±0.11A
0.2±0.11A
0.27
0.250.13b

Temp
(°C)
21±0.3
22±0.5
22±0.5
22.1±0.6
26.9±0.3
27±0.6
27.1±0.9
27.05±0.76
25.5±0.3
25.7±0.4
24.9±0.3
25.32±0.53
17.2±1,07
17.1±0.7
16.2±0.7
16.6±0.94

DO
(mg/L)
5.9±0.1
6.8±0.2
6.6±0.3
6.6±0.4
5.7±2.1
6.5±0.3
5.7±0.4
6.02±0.9
7.1±0.4
6.4±0.4
6.0±0.6
6.49±0.6
7.3±0.8
7.3±0.9
7.7±0.4
7.5±0.7

TNOx
(μM)
0.1±0.04
0.2±0.06
0.2±0.07
0.2±0.07
1.25±0.86
0.51±0.23
0.39±0.19
0.57±0.48
0.26±0.12
0.46±0.26
0.87±1.04
0.63±0.79
1±0.54
0.9±0.73
0.8±0.51
0.9±0.59

oPO4-P
(μM)
0.5±0.6
0.7±0.5
0.2±0.1
0.4±0.49
0.8±0.2
0.9±0.2
1.05±1.2
0.96±0.85
0.05±0.01
0.05±0.03
0.03±0.02
0.04±0.02
0.03±0.01
0.03±0.02
0.03±0.02
0.03±0.02

NH4
(μM)
1.6±0.6
0.8±0.2
0.7±0.2
0.9±0.4
1.6±0.3
1.3±0.2
1.5±0.4
1.48±0.4
0.7±0.6
0.8±0.6
0.7±0.6
0.78±0.6
1.2±1.3
0.9±0.8
0.9±0.8
0.9±0.9

*Since there were single measurements at least in one station for winter or autumn seasons, two sample t-test
was used instead of variance analysis (p<0.05).
**Superscripted numbers indicate statistically significant differences between CYN levels and stations within
seasons (p<0.05).
Superscripted capital letters indicate statistically significant differences only between CYN levels and stations
(p>0.05).
Superscripted small letters indicate statistically significant differences only between CYN levels and seasons
(p<0.05).

compared to other seasons. According to the TwoWay ANOVA tests between season, stations and
CYN levels in the fronds or stolons, significant
diIIHUHQFHV ZHUH RQO\ IRXQG DW <XPXUWDOÕN / 
station both in the fronds and the stolons. The
variations of CYN levels in the fronds and the
stolons with respect to stations were depicted in
Figure 2.

The CYN levels in the fronds were
statistically higher than stolons in all seasons (Table
4). When seasonal means of CYN levels in fronds
were compared, both spring and summer seasons
were significantly higher than those of the values
observed in the autumn and winter seasons
(p<0.05). However, the seasonal mean CYN levels
in the stolons were only statistically lower in winter
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FIGURE 2
Seasonal variation of CYN levels in frond and stolons at different locations. Lowercase indicates
differences from Anova tables

FIGURE 3
Seasonal variation of CYN levels vs temperature at locations

FIGURE 4
Bivariate score plots of the PCA between CYN, Temperature, pH,) PO4, Dissolved Oxygen (DO), Salinity
(Sal), NH4 and TNOx
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TABLE 3
Means of the sediment measurements factors grouped according to the seasons and stations
Season*
Loc*
Sclay
Ssilt
Ssand
Smoist
Sncs
SKN
STP
(%)
(%)
(%)
(%)
(%)
(ppm)
(ppm)
Spring
L1
7.7±1.7 25.6±10.5 66.6±12.1 29.5±4.7
4.3±1.3 3793±1843 417±130.5
L2 10.6±6.7 17.1±16.4 72.1±22.9 29.9±7.1
5.8±2.1 1397±817.9 326±156.2
L3 20.6±12.1 39.5±25.2 39.7±37.1 37.7±9.5
7.5±3.5 1992±809.3 486±84.3
ݔҧ௦ േ ܵǤ ܦǤ
15.6±11.1 31.2±22.8 53.1±33.4 34.3±9.1
6.5±3.1 2201±1316 436±126.4
Summer
L1
7.7±2.6 22.3±10.2 69.9±12.8 30.8±2.19 2.79±0.9 1379±571.5 384±64.4
L2
9.7±5.1 22.2±24.2 67.9±28.1 31.82±8.2 4.03±1.7 1758±542.2 365±209.2
L3 13.1±6.4 49.2±30.7 37.6±34.5 36.67±10.4 5.72±2.7 3315±2151 477±92.4
ݔҧ௦௨ േ ܵǤ ܦǤ
11.35±5.9 37.8±29.1 50.8±33.1 34.44±9.1
4.7±2.5 2584±1864 433±130.1
Autumn
L1
3.2±2.4 23.7±11.9 73.1±13.9 31.49±9.2 3.59±1.3 2065±1239 371±67.2
L2
6.9±8.3 19.5±19.1 73.4±26.7 28.62±6.9 4.68±2.1 2700±1715 295±172.8
L3 14.2±10.3 47±23.9 38.7±31.3 36.18±9.3 5.65±3.1 3740±2758 464±70.7
ݔҧ௨ േ ܵǤ ܦǤ
10.30±9.8 35.7±24.2 53.9±32.4 33.43±9.2 5.00±2.7 3155±2371 405±124.4
Winter
L1
2.8±1.7 23.4±10.9 73.7±12.2 26.8±4.3
4.01±1.5 3226±2624 351±60.2
L2
5.6±8.8 12.7±15.2 81.6±22.8 27.2±6.6
5±2.1
2786±2080 263±161.6
L3 15.4±10.9 41.2±21.7 43.2±30.3 36.4±9.3
6.4±3.1 3397±2399 430±143.3
ݔҧ௪ േ ܵǤ ܦǤ
10.4±10.7 30.3±22.2 59.1±31.1 32.2±9.1
5.60±2.7 3215±2338 374±151.9
*Superscripts indicate column-wise statistically not significant differences among groups (p>0.05).

TABLE 4
The seasonal and locational variations of CYN levels in the fronds and stolons
Season

Station

Frond
a*

Seasonal Mean±S.D
Stolon
a

Frond

Stolon

0.76
0.47
0.85±0.2a
0.41±0.3a
0.95a
0.35a
a
a
0.93
0.32
Sig
0.21
0.942
L1
0.31a
0.61a
a
Summer
L2
0.50a
0.81±0.3a
0.41±0.2a
0.91
a
a
L3
0.37
0.88
Sig
0.128
0.062
L1
0.38a
0.28a
a
Autumn
0.38±0.2b
0.28±0.1a
L2
0.42
0.34a
b
b
L3
0.057
0.05
Sig
0.000
0.000
L1
0.37a
0.19a
a
Winter
L2
0.27
0.16a
0.34±0.2b
0.18±0.1b
a
a
L3
0.37
0.16
Sig
0.246
0.64
Mean±S.D
0.56±0.3a
0.31±0.2b
Sig.
0.00
0.00
0.00
*Superscripted small lettters indicate column-wise statistically significant differences among groups (p<0.05).
Spring

L1
L2
L3

CYN
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TABLE 5
Multiple correlation analysis results between the CYN levels and envrionmental parameters (*p<0.05; n.c:
not calculated)
Variable
Temp
DO
TNOx
PO4
NH4
SPM
Chl-a
%LP
SD

CYN
.399*
-.227
-.096
.491*
-.044
-.342*
.031
.515
-.140

Temp

DO

TNOx

PO4

NH4

SPM

Chl-a

%LP













































*

-.710
-.213*
.361*
.147
.145
.024
.143
.011

.135
-.166
-.390*
-.035
-.050
-.055
-.075

-.037
.065
-.039
-.076
-.081
-.083

.129
-.021

Ŷ͘Đ
Ŷ͘Đ
-.084

.038
-.006
-.224
.124

.091
-.123
.195*

-.212
-.149

.168

Iskenderun and one station was at the outside of the
Gulf) at the beginning of the study. However, it was
only possible to collect sufficient amounts of
Caulerpa taxifolia var. distichophylla samples at
five different depths from L1, L2 and L3 stations.
First, the possible effects of sampling depths on the
CYN levels and the temperature were investigated
statistically, but there were no significant
differences among the studied groups (p<0.05,
Table 1). Following this finding, the sampling
depth was eliminated as a factor for statistical
analyses and different sampling depths were taken
into consideration as a single station. It was found
that the seasonal variation of mean CYN levels both
in the fronds and in the stolons were statistically
higher in spring and summer compared to autumn
and winter (p<0.05, Table 2). Also, the CYN levels
in the fronds were statistically higher than stolons
in all seasons (p<0.05, Table 4).
In the literature, number of the studies that
support seasonal variations of the secondary
metabolite CYN from Caulerpales with (or without)
environmental factors are limited [22-25]. On the
other hand, there are studies that associate the CYN
levels with the seasonal changes of epiphytic
organisms present on the marine algae [13, 26, 27].
In the studies performed in the Western
Mediterranean, the highest CYN levels from C.
taxifolia were reported in the seasonal order of
summer or autumn, winter and spring [22-25].
Amade and Lemée (1998) [22] have studied
the CYN contents in fronds and stolons of C.
taxifolia from Cap Martin, Monaco at depths of 5,
10, 15, 20 and 30 m. The highest CYN levels were
determined in the summer and autumn seasons. It
was also reported that the CYN levels were
decreased with increasing depth and the highest
CYN contents were recorded at 5 m depth above 19
°C. Therefore, the seawater temperature was stated
as another factor supporting the CYN production in
C. taxifolia [22]. The effect of the seawater
temperature on CYN production was also discussed

A positive and statistically significant
correlation between seawater temperatures and
CYN levels were found as 0.399 (p<0.05).
Correlation between the temperature and the CYN
levels with regards to seasons and stations was
given in Figure 3. According to the Figure 3, the
CYN levels were consistently changed with the
increase or decrease of the seawater temperature
between seasons. The correlations between other
environmental parameters and CYN were given in
Table 5. A positive and significant correlation was
found between oPO4-P and CYN levels (p<0.05).
Another significant correlation was found between
suspended particulate matter (SPM) and CYN
levels as -0.342 (p<0.05). Also, high positive, but
not significant, correlations were also found
between CYN levels and dissolved oxygen/light
penetration parameters (p<0.05). According to the
PCA, estimated 2 principal components were
statistically sufficient to model the factors (p<0.05).
The factors used in the PCA were also classified by
K-means clustering method and revealed the
presence of two distinct groups (p<0.05). Following
the clustering analysis, CYN, temperature, salinity,
pH and oPO4-P were classified as Group 1, whereas
Group 2 was formed by TNOx, NH4 and DO. The
results of the PCA and K-means clustering analysis
were given in Figure 4.

DISCUSSION
This study examines, for the first time, the
seasonal variations of the CYN levels in the fronds
and stolons of Caulerpa taxifolia var.
distichophylla present in the Levantine coast of
Turkey, the Gulf of Iskenderun, including its
relationships with various physicochemical
parameters of the sea water such as temperature and
light.
The sampling stations were comprised of 6
different sites (five of them were in the Gulf of
2873

© by PSP

Volume 25 ± No. 8/2016, pages 2867-2876

Fresenius Environmental Bulletin


invertebrate herbivores or the hydrographical
structure of the area.
The CYN levels found in our study were
determined to be much lower than the levels
determined for invasive C. taxifolia in the Western
Mediterranean. Among the Caulerpales members in
the Mediterranean, C. taxifolia from the Western
Mediterranean shows the highest CYN levels.
Amade et al. (1994) [31]. reported that the wet
weight of CYN can be 0.2% of the total weight in
spring and 13% of the total weight in summer in
fronds of the Western Mediterranean strain. Our
findings showed that even though the CYN
contents were lower than the levels in the
Mediterranean strain, it was closer to the CYN
levels determined at the original range of C.
taxifolia var. distichophylla.
According to the literature, the CYN levels in
C. taxifolia from the Western Mediterranean is
higher than the CYN levels in the natural range of
C. taxifolia which is a result of the biotic and
abiotic conditions of the Mediterranean not
considered at all. Comprehensive studies on this
subject has demonstrated that the C. taxifolia found
in the Mediterranean is genetically different and
thus demonstrates different physiological (CYN
levels etc.) and morphological characteristics
compared to its natural range [1, 2, 32-37]. The
number of Caulerpa taxifolia taxons in the
Mediterranean Sea has been increasing because of
the heavy ship traffic in the region. The most
important prevention method, the control of balast
waters, must be taken into consideration by the
countries in the region
According to our data, C. taxifolia var.
distichophylla has not revealed remarkable invasive
SURSHUW\ LQ RXU VWDWLRQV \HW +RZHYHU LW¶V QHZO\
existence in Cyprus and Italy might be an indication
of danger. Consequently, this new taxon should be
monitored regularly.

by Millar (2002) [28] for C. taxifolia strains found
at New South Wales, Australia. It was reported that
CYN levels below 10 meters of depth was low in
winter and herbivores are seen on Caulerpa genus
most frequently in winter [28]. In the present study,
CYN levels were found higher in spring/summer
than autumn/winter seasons. Therefore, our results
from Iskenderun strain confirm the increase of
CYN production in temperate and warm seasons,
especially when the herbivore and epiphyte
pressure increases, and its decrease in cold seasons
when interspecies competition increases [13, 25,
29].
The results of our study also demonstrated that
the mean CYN levels in fronds were higher than the
mean CYN levels in stolons. Similar studies carried
on this subject were mostly showed similar results
[22, 24]. It is known that Caulerpa fronds are
exposed to higher amounts of herbivore and fouling
organism pressure than stolons and thus, the upper
sections contain more CYN [30]. However, Dumay
et al. (2002) [25] have reported that over a one year
period, there were no significant differences
between CYN levels in C. taxifolia and C.
racemosa frond and stolons, and that both parts of
the tallus employed similar protection against
herbivores. On the contrary, it was found by Box et
al. (2010) [24] that the CYN levels in the stolons of
the native Caulerpa species (C. prolifera) from the
Mediterranean were higher compared to the fronds.
Therefore, it cannot be stated that the CYN levels
found in fronds and stolons are always the same. In
studies performed by Box et al. (2010) [24], highest
CYN levels in fronds were found in May, and the
highest levels in stolons were found in summer and
autumn.
Cavas et al. (2012) [6] investigated seasonal
rubisco enzyme activities and caulerpenyne levels
in invasive C. cylindracea and native C. prolifera.
They found that no correlation was existed between
production of CYN and rubisco enzyme activities
in C. cylindracea and C. prolifera.
Cevik et al. (2012) [29] have reported the
presence of many epiphytic organisms and
herbivores such as Bittium reticulatum on C.
taxifolia colonies in highest numbers during the
winter and it was the dominant species in winter,
spring and summer seasons. As a result, variations
in CYN levels can be depended not only on the
temperature but also on other environmental
factors. In the present study, a high positive
correlation was found between CYN and oPO4-P
and might be related to the phosphorus limited
seawater
characteristics
of
the
Eastern
Mediterranean. Also, temperature, salinity, pH and
oPO4-P were classified as a closely related group
following the clustering and principal component
analyses. Therefore, it is obvious that more detailed
studies are necessary to determine whether the
CYN production is due to fishes, epiphytes,
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PREVALENCE OF LISTERIA SPECIES IN DOMESTIC
REFRIGERATORS IN STUDENT HOSTELS
Roseline E Uzeh, Margaret O Adeogun
Department of Microbiology, Faculty of Science, University of Lagos, Lagos, Nigeria,

ABSTRACT

INTRODUCTION

&RQVXPHU¶V UHIULJHUDWLRQ SUDFWLFH SOD\V D
significant role on food safety and quality. To
determine the prevalence and identity of Listeria
species in domestic refrigerators in student hostels,
swab samples were obtained from vegetable
drawers and shelves of 100 domestic refrigerators
located in university student hostels in Lagos,
Nigeria. The swabs were enriched in Listeria
enrichment broth containing antibiotic supplement
and then inoculated on Listeria selective agar
medium containing antibiotic supplement too.
Standard procedures including API Listeria were
used to characterise and identify the isolates. Count
of Listeria species ranged from 1.48 ± 59.2 log10
cfu/ml /100cm2 with a cumulative frequency range
of 0.16% - 59.17% in the vegetable drawers and
count of 11.3 ± 41.95 log10 cfu/ml / 100cm2 with a
cumulative frequency range of 16.40% - 50.41% in
the shelves. It was found that Listeria
monocytogenes and Listeria seeligeri were each
present in one of the 100 domestic refrigerators
investigated. Listeria innocua was present in 13,
Listeria ivanovii in 21, Listeria welshimeri in 25.
Also 68% of the refrigerators investigated were
operating at high temperature of 8.1 ± 10oC while
others were at 2 -8oC, 73% of the respondent
cleaned their refrigerators less than a month
interval, 16% monthly and 11% of the respondent
every 2 ± 2 ½ months. Although some of the
respondent used proper cleaning agents for their
refrigerators such as liquid wash (32%), detergent
(27%) and antiseptic (8%), however 25% used
water only and 5% used tissue paper. Overall, the
findings obtained from the survey indicates poor
standard of consumer refrigerator management and
K\JLHQH ZKLFK FDQ SRVH ULVN WR FRQVXPHU¶V KHDOWK
Therefore there is great need for consumer
education regarding appropriate refrigerator
temperature control, proper refrigerator cleaning
and safe food handling practices.

Listeria has been isolated from various foods
and environments in Temperate and Tropical
countries [1]. Listeria has the ability to adhere to
various surface materials such as stainless steel,
rubber, glass and polypropylene [2]. Colonization
of refrigerators by Listeria monocytogenes has been
reported [3], a potential hazard in refrigerated foods
particularly in products which are eaten without
further cooking. Furthermore, it has the ability to
form biofilms which enables it withstand cleaning
and sanitizing [4]. Listeria monocytogenes is
commonly isolated from the food processing
environment where it can exist in biofilms. These
biofilms can occur on food handling or food
processing surfaces, in food processing or storage
areas e.g. refrigerators [5]. There have been
increasing evidence which suggests the persistence
of Listeria particularly Listeria monocytogenes in
food processing plants which is an important factor
in the transmission of the food borne pathogen to
other sources and the root cause of a number of
human listeriosis outbreak [6]. Scallen et al. [7]
estimated that this foodborne pathogen causes
approximately 1469 hospitalization each year in the
United States which results in 260 deaths. It has
been suggested that the food borne illness is
initiated in domestic refrigerators three times more
frequently than in commercial refrigerators [8].
Many cases are attributable to inappropriate food
storage including ineffective chill storage and
refrigerators
management
[9].
Listeria
monocytogenes have ample opportunities to
multiply to unsafe level during refrigerated storage
of the contaminated products, during distribution
and at the consumer home, thereby increasing to
clinically significant numbers in foods stored for
extended periods in domestic refrigerators [10].
Azevedo et al. [11] who researched on incidence of
Listeria in domestic refrigerators in Portugal
revealed that 3 domestic refrigerators of 86
investigated
were
positive
for
Listeria
monocytogenes, other Listeria spp. like Listeria
grayi and Listeria innocua were isolated from 4 and
1 refrigerators respectively. Although the incidence
of Listeria spp. in domestic refrigerators have been

KEYWORDS:
Listeria spp., domestic refrigerators, student hostels,
University
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The spread plate technique was used for
isolation of the organism. Listeria selective agar
plates were each inoculated with 0.1ml of broth
culture and incubated at 37oC for 48hrs. Developed
colonies were counted and sub-cultured to obtain
pure cultures.
Pure cultures of bacterial isolates were
identified based on their cultural, morphological,
biochemical characteristics, motility and reactions
to API test kit. API Listeria Biomerieux CE
12131A was used.

investigated in other countries, we are not aware of
any such investigation in Nigeria.
There is need for information on their
occurrence, and persistence on the interior surface
of domestic refrigerators in Nigeria so that the true
burden of Listeria in these environment can be used
to estimate the risk posed. The aim of this research
therefore is to determine the prevalence of Listeria
spp. on interior surfaces of domestic refrigerators in
student hostels in Nigeria and also to provide
insight into the true burden and the posed risks of
the bacterium in the domestic refrigerators. The
objectives are to: (1) Isolate and identify Listeria
spp. in domestic refrigerators (2) Determine total
heterotrophic count of Listeria spp. present in
domestic refrigerators (3) Evaluate some of the
practices in the domestic refrigerators that might
contribute to the occurrence of the organism (4)
Elucidate on some cleaning techniques and
maintenance practices that can reduce or increase
the prevalence of Listeria species in domestic
refrigerators.

Motility test. Hanging drop method was done.
This test can be used to observe tumbling motility
of Listeria species. Using sterile inoculating loop
the pure isolate was inoculated into 9ml of
sterilized tryptone soya yeast extract broth and
incubated at 25oC for 24 hours, grease was applied
to the edges of a depression slide and a drop of the
inoculum was placed on a clean grease free glass
cover slip, the depression slide was placed on the
cover slip on which the inoculum was applied and
the slide was turned upside down with the grease
holding the glass slide to the depression slide and
the inoculum hanging between them and was
observed under the microscope for the motility of
the bacterium using a compound microscope

MATERIALS AND METHODS
Collection of samples. Swab samples were
obtained from domestic refrigerators located in
university student hostels in Lagos, Nigeria during
the period of February to March 2014. With the
consent of the owners, the interior (Base of
vegetable drawer and Shelves) of each refrigerator
(approximately 100cm2) were swabbed using sterile
cotton swabs, previously immersed in sterile
normal saline. Samples were collected from a total
of 100 domestic refrigerators.

ȕ-Haemolysis activity on 7% sheep blood
agar (Oxford formulation). This test is carried out
to detect the ability of bacterium to lyse red blood
cells completely due to the production of
haemolysin, the Listeriolysin O is the major
virulence factor in pathogenic strains of Listeria.
The pure culture of the bacterium was inoculated on
the prepared 7% sheep blood agar by piercing the
medium and incubated at 37oC for 24 ± 48hours.
The presence of clear zone indicates a positive
reaction.

Measurement of refrigerator temperature.
The temperature of each refrigerator was recorded
from the refrigerators inbuilt thermometer
Questions for UHIULJHUDWRU¶V owners. The
owners were asked simple questions which they
responded to, the questions included the followings:
How they clean their refrigerators (products
used for cleaning)
How often they clean their refrigerators
The last time they cleaned their refrigerators
prior sampling
Isolation, enumeration and identification of
Listeria species. Isolation and enumeration of
Listeria spp. in the swab samples collected from
domestic refrigerators using Listeria enrichment
broth and Listeria selective agar both containing
antibiotic supplement was carried out by
transferring the swabs into 10ml Listeria
enrichment broth (Oxford formulation) and
incubated at 30oC for 48 hrs.

FIGURE 1
The mean total viable count of Listeria species in
domestic refrigerators (vegetable drawers) from
student hostels (n = 100)
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products that were not packaged in the
refrigerators. According to Bharanthirajan et al.
[8], the level of contamination observed in domestic
refrigerators are likely to be influenced by a range
of factors such as the nature and levels of initial
contamination introduced from foods, hygiene of
those preparing or placing foods into refrigerators,
absence of effective packaging and frequency of
refrigerator maintenance.

RESULTS AND DISCUSSION
Listeria monocytogenes produced motility
when grown at 25oC. The mean total viable count
of Listeria species obtained in the 100 domestic
refrigerators sampled ranged from 1.48 ± 59.2 log10
cfu/ml /100cm2 (Fig. 1) with a cumulative
frequency range of 0.16% - 59.17% (Fig. 2) in the
vegetable drawers. Listeria innocua (22.11%) and
Listeria welshimeri (59.17%) were predominant
species in the vegetable drawers of the domestic
refrigerators sampled (Fig 2). In addition, the mean
total viable count of Listeria species in the shelves
of the domestic refrigerators sampled ranged from
11.3 ± 41.95 log10 cfu/ml / 100cm2 (Fig. 3) with a
cumulative frequency range of 16.40% - 50.41%
(Fig. 4). Listeria ivanovii (33.18%) and Listeria
welshimeri (50.41%) were the predominant species
in the shelves of the domestic refrigerators sampled
(Fig. 4).

FIGURE 3
The mean total viable count of Listeria species in
domestic refrigerators (shelves) from student
hostels (n = 100)

FIGURE 2
The frequency of occurrence of Listeria species
in domestic refrigerators (vegetable drawers)
from student hostels (n = 100)

TABLE 1
Operating temperatures of 100 domestic
refrigerators in student hostels

The colony count of Listeria species isolated
in this study was high when compared to previous
work in other countries; the level of contamination
may be due to poor hygienic practises among
traders in Nigerian markets and by consumers
themselves. Products like vegetables, fruits and
meats bought in the market are usually sold
unwashed or dirty and also without proper
packaging and consumers may store the products in
the refrigerator without washing. Food products,
especially raw materials that are stored in
refrigerators
contain pathogenic
organisms
including Listeria monocytogenes [12]. The high
occurrence of Listeria species isolated in domestic
refrigerators from university student hostels in
Lagos, Nigeria may be due to inappropriate
cleaning practises, high temperature in which most
of these refrigerators operated, keeping of
unwashed fruit and vegetables as well as meat

Refrigerators (%)

2.0 ± 4.0
4.1 ± 6.0
6.1 ± 8.0
8.1 ± 10.0

5
19
8
68

In Table 1, it is indicated that a significant
number of the investigated domestic refrigerators
were operating at a temperature ranging from 8.1 ±
10oC (68%) while others were operating at 2 - 8oC
(32%). Listeria species are psychotrophic
organisms and thrive well at low temperatures, their
ability to multiply at refrigeration or mild
temperature abuse increase their risk potential [13],
which means that low numbers of initially
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contaminating cells may proliferate and become
hazardous if present on or transferred to ready to ±
eat ± foods stored in the refrigerators [14]. Also a
study in Nigeria by Ikeh et al. [15] examined the
influence of pH and temperature on cell viability,
multiplication and haemolysin production by
Listeria species isolated from uncooked meat and
vegetable stored at 5oC, at this temperature the cells
of the bacterium were maintained. From the present
investigation Listeria seeligeri and Listeria
monocytogenes were isolated in refrigerators
operating at 10oC (Table 4). This can compromise
the safety of the food stored inside them. The case
of temperature abuse have been reported in other
countries in the cold chain both in domestic and
commercial situation [11, 16]

have been reported [17]. In addition, Listeria
monocytogenes a major human pathogen, was
present in one of the refrigerators investigated
(Table 4) and recovered at a low frequency of
0.93% (Fig. 2). This is in agreement with previous
studies in other countries with record of 0-3.5%
prevalence in domestic refrigerators where the
organism has been isolated from 1 of 35, 2 of 136,
3 of 86, 4 of 342, 6 of 137, 1 of 180 in Holland
[18], Greece [3], Portugal [11], United Kingdom
[9], Tennessee, USA [19] and Iran [16]
respectively. While in another survey of domestic
refrigerators in the USA, the pathogen was not
recovered from any of the 195 refrigerators
sampled [20]. Listeria monocytogenes, a food
pathogen was isolated in the vegetable drawers
used for storage of food products (Table 4). This
phenomenon is of health risk because vegetables
usually kept in this portion of the refrigerator
undergoes minimal or no heating before
consumption. Uzeh and Adepoju [21] isolated
Listeria monocytogenes from cabbage and lettuce.
Most cases of listeriosis appears to be food borne. If
there is cross contamination from the vegetable
drawers to the stored vegetables, it may be of great
KD]DUG WR WKH FRQVXPHUV¶ KHDOWK Listeria
monocytogenes can easily spread by direct food
contact with contaminated surfaces. Different food
items can be contaminated by Listeria
monocytogenes including raw vegetables [22], the
consumption of these foods either raw or uncooked
may pose public health problem particularly in
immunocompromised host such as elderly people
and pregnant women. Therefore Listeria
monocytogenes in refrigerator even at low
concentration is of significant public health
concern.
TABLE 2
Frequency of cleaning domestic refrigerators in
student hostels

FIGURE 4
The frequency of occurrence of Listeria species
in domestic refrigerators (shelves) from student
hostels (n = 100)

Frequency
Weekly
Each 2weeks
4 weeks (Monthly)
8 weeks (2months)
12weeks

The presence of Listeria species in domestic
refrigerators indicate both poor hygiene and
possibility of cross contamination to foods stored in
such refrigerators. The ability of Listeria
monocytogenes to contaminate interior surface of
refrigerator may in turn contaminate foods stored in
the refrigerator [16]. Listeria monocytogenes and
Listeria seeligeri were each present in one of the
domestic refrigerators investigated; Listeria
innocua in 13, Listeria ivanovii in 21, Listeria
welshimeri in 25 (Table 4). The presence of Listeria
ivanovii and Listeria seeligeri in domestic
refrigerators is of health concern because
occasional human infections due to these organisms

n = 100

As indicated in Table 3, most of the
respondent preferred to clean their refrigerators
with liquid wash (32%), detergent (27%) and water
only (25%) while others cleaned with antiseptic
(8%), tissue paper (5%) and bleach (3%). Even
after cleaning with these agents Listeria species
were still isolated as indicated in Table 4. This
agrees with other work on isolation of Listeria
species even after cleaning the refrigerators with
some of these materials [11, 16]. From Table 4 it is
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TABLE 3
Products used in cleaning domestic refrigerators in student hostels
Products used
Detergent
Liquid wash
Water
Tissue paper
Antiseptic ± disinfectant liquid and liquid wash
Bleach

Respondent (%)
27
32
25
5
8
3

TABLE 4
Listeria species in domestic refrigerators located in student hostels
Isolate

Number of

Number of

Number of

Frequency of

Product for

positive

positive

positive

cleaning

cleaning

refrigerator (%)

vegetable

Shelve (%)

Temperature (oC)

drawer (%)
Listeria innocua

13 (13%)

11 (11%)

5 (5%)

Varies

Varies

4 -10

Listeria ivanovii

21 (21%)

14 (14%)

17 (17%)

Varies

Varies

4 -10

Listeria welshimeri

25 (25%)

24 (24%)

28 (28%)

Varies

Varies

4 ±10

Listeria seeligeri

1 (1%)

1 (1%)

-

1 week

Tissue paper

10

Listeria monocytogenes

1 (1%)

1 (1%)

-

I month

Liquid wash

10

n = 100
Total percent of the positive refrigerators = 61%
less frequency could affect the refrigerators
sanitation as observed in Table 4 in which Listeria
monocytogenes was isolated from refrigerator
cleaned monthly, this could allow bacterium to
thrive and persist for longer period in the internal
surface of the refrigerators thereby giving room for
more contamination of food samples stored and
exposing the consumers to infection by Listeria.

reflected that Listeria monocytogenes was isolated
from refrigerator cleaned with liquid wash and
Listeria seeligeri from refrigerator cleaned with
tissue paper. The cleaning agents may not have
been good enough in eradicating bacteria from the
UHIULJHUDWRUV
,Q
JHQHUDO
UHIULJHUDWRUV¶
manufacturers recommend that plastic interior of
domestic refrigerators should be cleaned with
solutions of bicarbonate in which its alkalinity
minimise growth of bacteria [11].
Fig. 2 shows 22.11% of Listeria innocua in
vegetable drawers, 16.40% in shelves (Fig. 4) while
a total of 13% of the refrigerators sampled were
positive for the bacterium (Table 4). Although
Maktabi et al. [16] stated that Listeria
monocytogenes and Listeria innocua share
ecological niches, hence the isolation of Listeria
innocua in some of the refrigerators he investigated
was considered to be an indicator of possible
contamination of Listeria monocytogenes, however,
in this study, Listeria monocytogenes was isolated
from one of the refrigerators where Listeria
welshimeri was isolated. This means that the
finding from this work is contrary to that of
Maktabi et al. [16].
As shown in Table 2, 73% of the respondent
cleaned their refrigerators less than a month, 16%
monthly and 11% of the respondent every 2 ± 2 ½
month. Although there is no correlation between
frequency of cleaning and Listeria species isolated
and counted as shown in Table 4, but cleaning at

CONCLUSION
The findings obtained from the study indicate
poor management and hygiene of domestic
refrigerators located in university student hostels in
Lagos, Nigeria. This FDQ SRVH ULVN WR FRQVXPHU¶V
health as most causes of listeriosis are food borne
and refrigerators serves as important link to
contamination of stored food products.

REFERENCES
[1] Sagoo S. K., Little, C. L., Gillespie, I. A.,
Grant, K. and McLauchlin, J. (2009).
Prevalence
and
level
of
Listeria
monocytogenes and other Listeria species in
selected retail ready-to-eat foods in the United
Kingdom. Journal of Food Protection
72(9):1869-1877
2881



© by PSP

Volume 25 ± No. 8/2016, pages 2877-2883

Fresenius Environmental Bulletin


[12] Mena, C., Almeida, G., Carneiro, L.,
Teixeira, P., Hogg, T. and Gibbs, P. (2004).
Incidence of Listeria monocytogenes in
different food products commercialised in
Portugal. Food Microbiology 21: 213 ± 216
[13] Kennedy, J., Jackson, V., Cowan, C., Blair, S.,
Mc Dowell, D. and Bolton, A. (2005). Food
safety knowledge of consumers and
microbiological and temperature status of their
refrigerators. Journal of Food Protection 68:
1421 ± 1430
[14] Maktabi, S., Fazlara, A. and Ebrahimian, S.
(2011). Incidence of Listeria species in farmed
tropical fishes in Khozestan, Iran. World
Journal of Fish and Marine Sciences. 3:206209
[15] Ikeh, M. A., Obi, S. K., Moneke, A. N. and
Ezeonu, I. M. (2010). Effect of pH and
temperature on cell viability and haemolysin
production by Listeria spp. isolated from
uncooked meat and vegetable samples, Nigeria.
Nigerian Journal of Microbiology 24(2): 2235
± 2242
[16] Maktabi, S., Jamnejad, A. and Faramarzian, K.
(2013).
Contamination
of
household
refrigerators by Listeria species in Ahaz, Iran.
Jundishapur Journal of Microbiology 6(3): 301
-305
[17] Jeyaletchumi, P., Tunung, S.P., Margaret, S.P.,
Son, R., Farinazleen, M.G and Cheah, Y.K
(2010). Detection of Listeria monocytogenes in
foods: Review article. International Food
Research Journal 17: 1 ± 11.
[18] Cox, K. T., Cordier, J. L., Cordellana, C.,
Konkel, P. and Pedrazzini, C. (1989). Listeria
spp. in food processing, non-food and domestic
environments. Food Microbiology 6(1):49-61
[19] Kilonzo ± Nthenge, A., Chen, F.C. and
Godwin, S.L. (2008). Occurrence of Listeria
and
Enterobacteriaceae
in
domestic
refrigerators. Journal of Food Protection 71:
608 ± 612
[20] Jackson, T. C., Acuff, G. R., Lucia, L. M.,
Prassai, R. K., Benner, R. S. and Terry, C. T
(1993). Survey of residential refrigerator for
the presence of Listeria monocytogenes.
Journal of Food Protection 56: 874 ± 875.
[21] Uzeh, R.E. and Adepoju, A. (2013). Incidence
and survival of Escherichia coli O157: H7 and
Listeria monocytogenes on salad vegetables.
International Food Research Journal 20(4):
1921 ± 1925
[22] Alsheikh, A.D., Mohammed, G.E. and Abdalla,
M.A. (2012). First isolation and identification
of Listeria monocytogenes fron fresh raw
dressed broiler chicken in Sudan. Research
Journal of Microbiology 7: 319 ± 326.

[2] Lahou, E. and Uyttendaele, M. (2014).
Evaluation of three swabbing devices for
detection of Listeria monocytogenes on
different types of food contact surface.
International Journal of Environmental
Research and Public health 11: 804 -814
[3] Sergelidis, D., Abrahim, A., Sarimvei, A.,
Panoulis, C., Karaioannoglou, P. and
Genigeorgis,
C.
(1997).
Temperature
distribution and prevalence of Listeria spp. in
domestic, retail and industrial refrigerators in
Greece. International Journal of Food
Microbiology 34(2):171- 177
[4] Genigeorgis, C. (1995). Biofilms: their
significance to cleaning in the meat sector. In:
New challenges in meat hygiene: Specific
problems in cleaning and disinfection. Burt,
S.A. and Bauer, F. (eds.), European
Consortium for Continuing Education in
Advanced Meat Science and Technology,
pp.28 ± 29.
[5] Carpentier, B. and Cerf, O. (2011). Review ±
persistence of Listeria monocytogenes in food
industry equipment and premises. International
Journal of Food Microbiology 145: 1 -8
[6] Ferreira, V., Wiedmann, M., Teixeira, P. and
Stasiewicz,
M.
J
(2014).
Listeria
monocytogenes persistence in food associated
environment.
Epidemiology,
Strain
characteristics and implications for public
health. Journal of food protection 77 (1):150 170.
[7] Scallan, E., Hoekstra, R. M., Anjulo, F. J.,
Tauxe, R. V., Widdowson, M. A., Roy, S. L.,
Jones, J. L. and Griffin, P.M. (2011).
Foodborne illness acquired in the United States
± Major Pathogens. Emerging Infectious
Disease 17: 7 ± 12.
[8] Bharathirajan, R., Gopinathan, R. and Prakash,
M. (2012). Microbial management of
household cold storage exploratory study in
Jeddah, Saudi Arabia. International Journal of
Current Microbiology and Applied Sciences
1(1):50 -55.
[9] Jackson, V., Blair, I. S., McDowell, D. A.,
Kennedy, J. and Bolton D. J. (2007). The
incidence of significant foodborne pathogens in
domestic
refrigerators.
Food
Control
18(4):346-351.
[10] Flynn, M. J., Blair, I. and McDowell, D.
(1992). The efficiency and consumer operation
of domestic refrigerators. International Journal
of Refrigeration 15(5): 307±312.
[11] Azevedo, I., Regalo, M., Mena, C., Almeida,
G., Carneiro, L. and Teixeira, P. (2005).
Incidence of Listeria spp. in domestic
refrigerators in Portugal. Food Control
16(2):121-124
2882



© by PSP

Volume 25 ± No. 8/2016, pages 2877-2883

Fresenius Environmental Bulletin



Received:
Accepted:

24.08.2015
23.12.2015

CORRESPONDING AUTHOR
Roseline E. Uzeh
Department of Microbiology, Faculty of Science,
University of Lagos, Lagos, Nigeria
E-mail: roseline.uzeh@gmail.com.

2883



Volume 25 ± No. 8/2016, pages 2884-2890

© by PSP

Fresenius Environmental Bulletin






ASSESSMENT OF HEAVY METAL AND DETERGENT
POLLUTION IN GIRESUN COASTAL ZONE, TURKEY
Nazmi Polat1, Tamer Akkan2*
'HSDUWPHQWRI%LRORJ\)DFXOW\RI$UWVDQG6FLHQFH2QGRNX]0D\ÕVUniversity, Samsun 55139, Turkey
2
Department of Biology, Faculty of Arts and Science, Giresun University, Giresun 28100, Turkey

1

detergent contamination. A large number of studies
reported that many coastal regions of Turkey have
been seriously polluted by heavy metals [1-6] and
detergents [7-10]. Moreover some papers have been
published concerning heavy metal levels in biota
[11], aquatic organisms [12-15] and moss samples
[16,17] RI WKH 7XUNH\ %RUDQ DQG $OWÕQRN [18]
reported that the heavy metal pollution should be
taken into account in the Black Sea during the last
20 years. Moreover in some areas of Black Sea,
metal concentrations in sea water exceeded the
references values. Heavy metal contamination
along coastlines varies with the local economic
development, pollution sources and geographical
conditions [19]. Up to now, heavy metal and
detergent pollution in coastal ecosystems and
estuary has been studied by many worldwide
researchers [20-25].
Detergents are major contaminants for aquatic
life. They contain various anionic surfactants as
linear alkylbenzene sulfonates (LAS). LAS is the
anionic surfactant used most in the formulation of
detergents in developed and developing countries
throughout the world. Due to their widespread use,
surfactants are common constituents in municipal
effluents and in the corresponding receiving
seawater environments [26]. Anionic surfactants
influence enzyme activities by binding to the
enzyme protein. Moreover, anionic detergents
affect the growth of many organisms in the aquatic
life [27-29]. And, in particular, that phosphorus
from detergents is one of the leading causes of
blue-green algal outbreaks in aquatic systems.
Pollution of the aquatic environment with
heavy metals and detergent has become a serious
concern during recent years [30-32]. The aim of the
present study is to determine the concentrations of
LAS and heavy metals in the coastline of Giresun,
Turkey. It is expected that the results of this
research will assist in acquiring information about
the level of toxic components in this area.

ABSTRACT
In this study heavy metal and anionic
detergent, LAS concentrations were surveyed in the
coastal surface water of Giresun, Turkey. A
comprehensive study in this area was made in first
time the present study. The seawater samples were
collected monthly from a depth of 1 m at 8 stations
(representing 24 substations) between June 2012
and May 2013. Concentrations of Al, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Cd and Pb were determined by
using ICP-MS. Descriptive statistical analysis
including One-way ANOVA, significance (0.05)
was done. Important differences in the mean values
ZHUHWHVWHGZLWK7XNH\¶VPXOWLSOHUDQJHWHVW
In surface water samples, according to
analysis results, the following findings were
obtained for the concentration ranges of the metals
(ppm); Al: 0.072-3.303, Cr: 0.057-0.360, Mn:
0.015-0.272, Fe: 8.889-18.782, Co: 0.020-0.080, Ni:
7.075-8.666, Cu: 0.043-0.230, Zn: 0.41-0.759, Cd:
0.033-0.047, Pb: 0.024-0.149 and LAS value varied
between 0.887-1.987 ppm. Seasonal mean levels at
each of the stations were not significantly different
(p>0.05), but between the metals, there were
significant differences (p<0.05).
Many towns along the coastline suffer from
water pollution problems. In this area waters are
mainly affected by freshwater runoff, domestic and
agricultural discharges. Consequently, regular
monitoring and evaluation of the coastline are
recommended. Otherwise, this situation carries a
potential risk for public health.
KEYWORDS:
LAS, Heavy Metal, Black Sea, Giresun, Turkey.

INTRODUCTION
Pollution of the coastal area with heavy metals
has become a serious health concern during recent
years. This area is more susceptible to the harmful
effects of heavy metal pollution because aquatic
organisms are in close and extended contact with
the soluble metals. With rapid urbanization and
industrialization, these areas of Turkey are now
facing great challenges in regard to heavy metal and

MATERIALS AND METHODS
Sample location and sampling. Giresun is a
province of Turkey on the Black Sea Coast Region
of northeastern Turkey. The coastline is 121 km
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FIGURE 1
The Study area and sampling stations
laboratory. 100 mL sample was taken into a
separatory funnel and alkalinized with 0.1 N NaOH
then acidified by 0.1 N H2SO4. After addition of 25
mL methylene blue solution it was extracted 3
times with 30 mL of chloroform. The organic
phases were combined and shaken with 50 mL
wash solution then filtered. The volume of filtrate
was adjusted to 100 mL with chloroform. Its
absorbance was measured in at 652 nm against a
blank of chloroform. The mean value was obtained
for triplicate analysis for each sample [35].

long and it has a density of about 1742 people per
km2 [33]. Main rivers in study area and their length
LV DV IROORZV $NVX  NP +DUúLW 6WUHDP  NP
Gelevera Creek 80 km, Pazarsuyu Creek 80 km,
<D÷OÕGHUH6WUHDPNPDQG%DWODPD&UHHNNP
Coastal water samples were collected between
May 2012 and June 2013, from 8 stations on the
coast of Giresun (Turkey) using Nansen bottles at 1
m depth, and then, stored in acid-washed
polyethylene bottles until analysis (Figure 1).
Before sampling, sample bottles were cleaned with
detergent, double distilled±deionized water, a dilute
nitric acid and double distilled±deionized water,
respectively.

Statistically Analysis. One-way ANOVA and
7XNH\¶V7HVWZHUHapplied to assess the statistically
important differences in seasonal and spatial
variations. All statistical calculations were
performed with SPSS 16.0 for Windows.

Heavy metal analysis. The samples were
immediately transported to the laboratory and
filtered through acid treated Millipore HA filters
 ȝP  ZLWK vacuum. The filtered water was
acidified at pH 2, using 1.5 mL HCl analytical
quality. These samples were stored in darkness at
4 °C up to the analytical treatment [34].
The samples were analysed by ICP-MS
(Bruker 820-MS) to determine aluminum,
chromium, manganese, iron, cobalt, nickel, copper,
zinc, cadmium and lead concentrations. The
certified reference materials were used to check the
accuracy and reliability of the method. Metal
contents were expressed as ppm.

RESULTS
Heavy metal analyses of water samples taken
periodically from eight stations over a period of 4
seasons showed that the levels of aluminum,
chromium, manganese, iron, cobalt, nickel, copper,
zinc, cadmium and lead varied between 0.0723.303 (0.585±0.120), 0.057-0.081(0.062±0.001),
0.015-4.130
(0.181±0.128),
8.890-18.783
(13.790±0.459), 0.020-0.080 (0.026±0.002), 7.0758.666 (7.912±0.093), 0.043-0.230 (0.081±0.006),
0.412-0.759
(0.699±0.012),
0.033-0.047
(0.045±0.001) and 0.024-0.149 (0.053±0.003) ppm,
respectively (Table 1).

Detergent analysis. Sea water samples were
collected in 2.5 L amber glass bottles. 10 mL
chloroform was added into the sample for
preservation and they were stored under cold chain
and in the dark during transportation to the
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TABLE 1
Heavy Metal Concentrations of seawater samples (ppm)
Heavy
Metal

Al

Cr

Mn

Fe

Co

Ni

Cu

Zn

Cd

Pb

Station
1

2

3

4

5

6

7

8

Average
Value

Summer

1.151

3.303

2.015

1.675

1.306

0.933

0.859

0.692

1.492b

Fall

0.571

0.439

0.455

0.445

0.325

0.335

0.404

0.305

0.410a

Winter

0.296

0.314

0.264

0.277

0.145

0.147

0.192

0.163

0.225a

Spring

0.162

0.072

0.360

0.194

0.245

0.227

0.272

0.170

0.213a

Summer

0.072

0.062

0.061

0.060

0.059

0.058

0.057

0.059

0.062ab

Fall

0.360

0.060

0.059

0.060

0.060

0.063

0.059

0.059

0.060a

Winter

0.194

0.060

0.062

0.060

0.060

0.062

0.061

0.062

0.061ab

Spring

0.060

0.060

0.061

0.064

0.072

0.073

0.073

0.074

0.067b

Summer

0.227

0.266

0.159

0.127

0.105

0.086

0.074

0.060

0.626

Fall

0.272

0.041

0.043

0.043

0.037

0.036

0.036

0.031

0.040

Winter

0.170

0.029

0.028

0.029

0.023

0.024

0.025

0.022

0.026

Spring

0.020

0.015

0.035

0.025

0.040

0.057

0.045

0.031

0.034

Summer 15.238 16.544

8.911

11.748 14.682 17.884 18.782 17.904

15.212b

Fall

17.538 15.397 13.930 17.351 14.002 12.960 14.802 14.749

15.091b

Winter

14.418 13.853 15.547 14.317 12.945 12.280 12.629 12.364 13.544ab

Spring

11.857 12.537 14.449 10.921 11.316

9.725

10.788

8.889

11.310a

Summer

0.080

0.021

0.020

0.024

0.024

0.020

0.023

0.025

0.030

Fall

0.024

0.025

0.025

0.026

0.025

0.025

0.026

0.024

0.025

Winter

0.025

0.025

0.026

0.024

0.025

0.025

0.025

0.025

0.025

Spring

0.026

0.026

0.025

0.026

0.022

0.025

0.025

0.025

0.025

Summer

7.075

7.242

7.327

7.348

7.394

7.461

7.480

7.514

7.355a

Fall

7.496

7.464

7.537

7.648

7.530

7.671

7.573

7.570

7.561a

Winter

7.591

7.851

7.812

8.578

8.625

8.666

8.523

8.530

8.272b

Spring

8.569

8.566

8.605

8.659

8.248

8.299

8.380

8.338

8.458b

Summer

0.230

0.096

0.101

0.049

0.043

0.045

0.055

0.060

0.085

Fall

0.078

0.076

0.084

0.053

0.074

0.063

0.087

0.059

0.072

Winter

0.083

0.076

0.084

0.054

0.073

0.060

0.065

0.078

0.071

Spring

0.089

0.101

0.076

0.048

0.099

0.106

0.104

0.136

0.095

Summer

0.412

0.720

0.657

0.696

0.720

0.714

0.633

0.714

0.658

Fall

0.734

0.759

0.748

0.714

0.749

0.749

0.739

0.720

0.739

Winter

0.688

0.730

0.709

0.720

0.738

0.734

0.736

0.732

0.723

Spring

0.740

0.721

0.677

0.675

0.735

0.621

0.537

0.691

0.675

Summer

0.038

0.045

0.033

0.045

0.046

0.039

0.045

0.046

0.042a

Fall

0.044

0.046

0.045

0.045

0.045

0.045

0.046

0.041

0.045ab

Winter

0.046

0.046

0.047

0.044

0.045

0.046

0.046

0.046

0.046b

Spring

0.047

0.047

0.046

0.047

0.045

0.047

0.046

0.047

0.047b

Summer

0.149

0.047

0.024

0.047

0.046

0.034

0.050

0.039

0.055

Fall

0.051

0.055

0.055

0.053

0.054

0.051

0.056

0.049

0.053

Winter

0.058

0.057

0.058

0.056

0.057

0.059

0.058

0.053

0.057

Spring

0.059

0.052

0.056

0.035

0.051

0.034

0.040

0.056

0.048

Season

Horizontally, letters a and b show statistically significant differences (p < 0.05)
metals in water samples from all seasons were
Fe>Ni>Zn>Al>Mn>Cu>Cr>Pb>Cd>Co (Table 1).
Fe was found in higher amounts than other trace
microelements. The mean concentration of Zn was
next to Ni, which was found in larger concentration

The order of heavy metal concentrations in
water samples measured in all station were
Fe>Ni>Al>Zn>Mn>Cu>Cr>Pb>Cd>Co in summer
and Fe>Ni>Zn>Al> Cu>Cr>Pb>Cd>Mn>Co in
other seasons. The sequence of the means of heavy
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TABLE 2
Pearson correlation coefficients between heavy metal levels in Giresun Coast
Al
Cr
1
Al
-0.055
1
Cr
0.590**
Mn 0.220
0.197
-0.476**
Fe
0.042
0.593**
Co
-0.616**
0.145
Ni
0.784**
Cu 0.095
-0.167
-0.710**
Zn
-0.075
Cd -0.451**
-0.050
0.460**
Pb
*p< 0.05 **p< 0.01

Mn

Fe

Co

Ni

Cu

Zn

Cd

Pb

1
0.111
0.977**
-0.327
0.787**
-0.762**
-0.435*
0.878**

1
0.083
-0.519**
-0.242
0.096
-0.037
0.167

1
-0.220
0.780**
-0.736**
-0.293
0.922**

1
-0.110
0.146
0.475**
-0.151

1
-0.696**
-0.273
0.713**

1
0.355*
-0.524**

1
-0.136

1

than others. The heavy metal found in the
lowest concentration was Co in all stations.
According to statistical analysis (One-way
ANOVA) Al, Cr, Fe, Ni and Cd concentrations
were significantly different between the seasonal
changes, with the p-value below 0.05. Other than
that, all metals showed insignificant differences
between sampling stations (Table 1). Moreover
Table 2 showed the statistical analysis of metal-tometal correlation matrix in terms of linear
correlation coefficient (r) values (significant at 0.05
and 0.01) in water samples during all seasons,
respectively.
Anionic detergent (LAS) concentrations were
shown in Table 3. These values were at the range of
0.887-1.987 mg/L in all samples. In summer
highest and in spring lowest quantity was observed.
The mean concentration of LAS was relatively high
during summer than other seasons. It is also
observed that the average values of detergent
concentration (mg/L) in seawater 1.542±0.018 (in
summer), 1.307±0.018 (in fall), 1.339±0.014 (in
winter) and 1.261±0.018 (in spring), respectively.
Significant relationships were found between all
seasons as well as between stations.

DISCUSSION AND CONCLUSIONS
The quality standards for marine water
according to different countries guidelines are
shown in Table 4. Cr, Fe, Ni, Cu, Zn and Cd
concentrations higher than the Turkey, Canada and
Russian standards. There are no quality criteria
given for Co and Mn (except to Russia). On the
northwestern Black Sea shelf, Cu was mainly in the
dissolved phase and concentrations were higher
than at shelf edge stations due to freshwater inputs
[36], but Cu concentrations in seawater samples not
exceed the reference interval values in this study.
%DONÕV HW DO >@ IRXQG WKDW DPRXQW RI GLVVROYHG
(Fe, Mn, Pb, Cd, Hg) and suspended (Fe, Mn, Pb,
Cd, Cu) metal concentrations were above the
average values recorded along the shore of Black
Sea from Igneada to Hopa. Yemencioglu et al. [38]
found higher accumulations of Pb than of Cd and
measured dissolved forms of Mn and Fe+2-Fe+3 in
seawater of the Black Sea. Many researchers
reported similar values for dissolved iron
concentrations of 11.169-16.754, 11.310-15.212
ppm like our results [38,39].

TABLE 3
LAS concentrations of seawater samples (mg/L)
1

2

3

4

5

6

7

8

Total

Mean±SE
(Min.-Max.)
n

9

9

9

9

9

9

9

9

72

Summer

1.605±0.043
(1.365-1.737)

1.625±0.034
(1.440-1.810)

1.575±0.037
(1.360-1.790)

1.315±0.028
(1.167-1.437)

1.440±0.032
(1.317-1.560)

1.510±0.037
(1.290-1.730)

1.620±0.036
(1.410-1.830)

1.645±0.053
(1.497-1.987)

1.542c±0.018
(1.167-1.987)

n

9

9

9

9

9

9

9

9

72

Fall

1.390±0.038
(1.233-1.532)

1.360±0.021
(1.280-1.451)

1.490±0.041
(1.250-1.730)

1.125±0.026
(0.964-1.234)

1.355±0.043
(1.168-1.524)

1.075±0.019
(0.980-1.170)

1.340±0.011
(1.290-1.390)

1.320±0.020
(1.263-1.447)

1.307b±0.018
(0.964-1.730)

n

9

9

9

9

9

9

9

9

72

Winter

1.510±0.016
(1.445-1.586)

1.380±0.020
(1.306-1.463)

1.360±0.017
(1.278-1.428)

1.180±0.026
(1.103-1.287)

1.310±0.015
(1.217-1.375)

1.200±0.021
(1.121-1.271)

1.440±0.024
(1.349-1.536)

1.330±0.014
(1.248-1.368)

1.339ab±0.014
(1.103-1.586)

n

9

9

9

9

9

9

9

9

72

Spring

1.370±0.020
(1.236-1.432)

1.390±0.009
(1.326-1.425)

1.350±0.018
(1.276-1.452)

0.989±0.010
(0.951-1.045)

1.290±0.008
(1.254-1.326)

1.070±0.033
(0.887-1.197)

1.330±0.016
(1.224-1.396)

1.300±0.017
(1.189-1.366)

1.261a±0.018
(0.887-1.452)

Horizontally, letters a, b and c show statistically significant differences (p < 0.05).
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TABLE 4
Comparative values (ppm) for heavy metals in sea water from different countries
Metal

Turkey [40]

Al
Cu
Cd
Cr
Pb
Fe
Se
Co
Mn
Ni
Zn
Hg
As

0.01
0.01
0.1
0.1

0.1
0.1
0.004
0.1

Canada [41]
0.005-0.11
0.002-0.0042
0.0002-0.00182
0.02-0.002
0.001-0.0072
0.3
0.001
0.025-0.152
0.03
0.0001
0.05

1=pH depends

0.001
0.005
0.005-0.02
0.1
0.1
0.0016
0.01
0.01
0.01
0.01
0.00001

2= Hardness depends

al. [46] reported that the highest LAS
concentrations were found in the cities of Giresun
HDVW SDUW RI %ODFN VHD   ȝJL. When
compared the results of LAS amount in the coast of
Giresun, the pollution level was dramatically
increased in present study. According to the RWPC
of Turkey, the LAS level should not exceed the
value of 0.3 ppm in sea water. LAS values obtained
in this study exceed the as given in the references.
Comparison of our data with the Turkish
acceptable limits showed that our values for
selected metals and LAS are also higher than
national guidelines. The results show that the
surface water is heavily contaminated by toxic
heavy metals like Zn, Cd, Cu and Ni, which may
give rise to various health problems or diseases in
the Giresun coast. The Turkish Regulatory
Authority should take immediate steps in the Black
Sea and other seas. Regular monitoring of toxic
metals and LAS in the surface water is needed to
check the water quality.

Altas and Buyugungor [42] investigated the
impact of marine activities on heavy metal
pollution at 11 stations located in the middle Black
Sea region. They found that heavy metal
concentrations; Pb: 315-989, Cd: 2-68, Cu: 4-79,
Zn: 2-821, Co: 31-341 and Ni: 49 ppb (one station).
Cd and Cu levels, generally, and Pb and Zn levels
sometimes, exceeded the levels of reference value
given in Turkish Water Pollution Control
Regulation [40]. Cevik et al. [43] reported that
heavy metal concentrations in sea samples located
in east black sea, Fe: 680, Cu: 19.5, Zn: 6.5, Cd: 3,
Rize liman içi; Fe: 210, Cu: 7.5, Zn: 207.5, Pb: 29
at Çamburnu, Fe: 130, Zn: 12, Çayeli; Fe: 290, Cu:
9, Zn: 6, Pb: 17.5, Hopa; Fe: 340, Cu: 20.5, Zn:
81.5 Pb: 39 ppb at outside harbors in Rize. Cr, Mn
and Ni were not determined during the study.
Slaveykova et al. [44] determined the trace metal
levels in surface and offshore waters of the Bulgaria
coast in Black Sea. They found out that metal
concentrations were found as nM; Cd: 0.161, Cu:
28.8, Ni: 17.5, Pb: 0.61 in surface water, Cd: 2.58,
Cu: 2.83 and Ni: 10.9 in offshore water,
respectively.
There are limited data evaluating the LAS
concentration in Turkish coasts. LAS pollution was
investigated in various parts of the Turkish Sea; the
KLJKHVW FRQFHQWUDWLRQ ȝJ/  LQ ,VWDQEXO 6WUDLW DV
41.05, in Çanakkale Strait as 25.02 [8], in
Küçükçekmece Lagoon [45] DV  LQ ùLOH$\DQFÕN %ODFN6ea) as 398.78 [46]LQ.DGÕN|\[10]
as 58.73 and in southeastern Black Sea [30] as
 %DOFÕR÷OX HW DO. [10] reported that LAS
concentrations were at the range of 14.88±31.12
ȝJ/ LQ -DQXDU\ DQG -  ȝJ/ LQ $XJXVW
samples collected from Turkish Straits System.
Additionally, the significance difference was found
in detergent concentrations between all seasons and
all between stations (p<0.05). The the similarity in
statistical analysis observed in our study. Guven et
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like industrial, pharmaceutical, agriculture, roads
and houses roof [3], [4]. Treatment process before
the collection is a crucial step and a process that
should be conducted before collection process into
the water body. On the other hand, wastewater
treatment plant are characterised by the nonlinearity process, subjected to significant
disturbance of wastewater coming from the certain
collection surface, [5], [6], [7]. Since the waste
water is compound from different biological and
chemical elements as well, there are many
uncertainties associated with all process conducted
in the aerator tank. Waste water treatment plant use
different kind of process but in small municipals,
most of the WWTP working principle is based on
activated sludge process (ASP), [8]. During the
activated sludge process, organic matter is
transformed into the biomass, while part of biomass
is purged and turned to the biological reactor in
order to maintain ratio substrate to biomass, [9],
[10]. In a waste water treatment plant, all processes
should be considered as one unit and all interaction
between processes should be taken into account
during the modelling procedure, [11], [12].
Deterministic models used for simulation of the
biochemical processes occurred into the WWTP are
the most useful models to describe the evaluation,
performance, design and upgrade alternatives of
WWTP, [13], [14]. Modelling of the activated
sludge process is given an inherent attention since
five decades ago, in these circumstances, there are
explored many different approaches concerning the
biochemical processes occurred into the WWTP,
[15]. Modelling issue and simulation of wastewater
are becoming very important as the result of
growing environmental awareness. Modelling as
one of the most important parts of WWTP, compare
with modelling and simulation procedures in other
fields is more complex even at the fundamental
stage may be merely conceptualised [16], [17],
[18]. Since the biochemical processes occurred into
the WWTP are very complex, dynamic modelling
as the powerful tool is suggested to perform the
certain simulations in order to enhance the
knowledge on the entire system behaviour [19],
[20]. In this paper is presented dynamic modelling

ABSTRACT
Global urbanisation is causing serious issue
concerning mainly to the quality of surface water
coming from different sources, which are collected
in large water bodies. Since the quality of surface
water has a direct impact on fauna, flora and for the
more human being health, environmental awareness
is increased. So in these circumstances need for
treatment of wasted water is increased as well.
Except the treatment of waste water as an entire
process, the most important thing is optimisation of
processes and sub-processes occurred into the
treatment plant. Dynamic modelling of activated
sludge process (ASP) is the main issue discussed in
this paper. Modelling is conducted by using
Simulink tools while two different cases are
considered, respectively: aerator and settler tank
case. For each case, modelling is performed by
considering two different regimes, respectively: dry
weather and rain regime. Simulation is performed
separately and coupled as well. Results obtained in
both cases for each respective regime reveals
significant evaluation of the organic matter and
biomass. Finally is noticed that the maximal flow
rate calculated with Mc Carthy approach, has
overpassed the capacity of the plant compare with
maximal flow rate calculated with dynamical
modelling.
KEYWORDS:
Wastewater Treatment Plant, Activated Sludge Process,
Settler, Aerator, Simulink, Dynamic Modelling.

INTRODUCTION
Urbanisation phenomenon is considered as
main sources and a contributory factor to a different
environmental issue like floods, erosion, soil
contamination, degradation of aquatic systems, [1],
[2]. Surfaces water represented by water bodies like
lakes, oceans, seas and natural streams, are results
of rain water or snow melting collection process.
Surfaces water, before collecting in different water
bodies, may be contaminated from different sources
2891
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position, advocated with a flow rate, as
prescribed with Eq. (3):
(3)
Qup Qin  Qp

procedure of wastewater by using Simulink tool.
Dynamic modelling is performed for both cases;
settler and aerator tank. For the more, two different
regimes are considered during modelling, dry and
rain weather conditions.

Similarly, the downward flux is a
concentration ሺܺሻ advocated with a flow rate, as
prescribed with Eq. (4).
(4)
Qdown Qr  Qp

MATERIALS AND METHODS

Notations are: ܳ is the flowrate at the
entrance of the settler (equal to Qe, at the entrance
of the WWTP), ܳ is the flowrate of recirculated
sludge, ܳ is the flowrate of wasted matter, Xi is the
biomass
concentration
in
layerሺ݅ሻ.
The
sedimentation flux is proportional to the local
concentrationሺܺሻ
and
the
sedimentation
velocityሺݒ௦ ሻ. The sedimentation flux has to be
calculated as a minimum between two fluxes.
Indeed, the smallest velocity imposes the velocity
of upper layers, Eq. (5, 6):

Settler Model. In the aerator tank,
heterotrophic bacteria degraded the organic matter.
Before to inject the treated water in the natural
network, the solid matter has to be removed.
Moreover, solid matter contains heterotrophic
bacteria. If water were flushed out without
separation, the plant would be emptied from the
EDFWHULD¶V $ VHWWOHU EDVLQ LV WKHQ XVHG LWV PDLQ
action is to allow sedimentation of solid matter at
the bottom of the basin. Biological reactions still
occur in this part of the system, however, is not
consider during this phase. The solid matter, named
sludge, contains the biomass of the aerator. In order
to avoid the emptying of the aeration tank, the
biomass has to be returned to the aerator tank, after
the separation between clear water and sludge.
There are four different types of settling
characteristics in a WWTP, [21]. To model the
settler basin in this paper is used a mass balance
model where the settling velocity is described by an
exponential function of the particulate matter
concentration.

i

i
down

j

Qin  Q p

Xi
A
Qr  Q p
Xi
A

jsed

min

With

vs ,i

(vs ,i X i , vs ,i 1 X i 1 )

v0e

 rh ( X i  X min )

(5)

 v0e

 rp ( X i  X min )

(6)

Where:
ሺܺ ሻ -is the minimum attainable suspended
solids concentration,
ሺܺୀ ሺ݂௦ െ ݂௦ (fns is a constant parameter).
Our model is constituted of five layers, one of
each group enumerated above. Finally, the
equations used respectively for layers 1 to 5, with
layer 3 as feed layer are as following, Eq. (7, 8, 9,
10, and 11):
 dX 1 1 ( j 2  j1  j1 ) ՚ ݎ݁ݕ݈ܽݐሺሻ

The principle of the Model. The settler
allows the sedimentation the particulate matter. A
one-dimensional approach is considered; the settler
is separate in layers and the velocity of particles is
supposed to be homogeneous in the same layer.
There are considered three dynamical processes: the
sedimentation of particles, an upward flow of
liquid, which is rejecting at the top of the settler and
a downward flow of fluid accompanying the
sedimentation. The layers are divided into five
different groups according to their position relative
the feed layer: a top layer, layers above feed layer,
the feed layer, layers below feed layer, and the
bottom layer, [22]. For each layer, is written a mass
balance. Then consider the upward flux Jup, Eq. (1),
the downward flux J down Eq. (2) and the solid flux
from sedimentation.
i
jup
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dt

h

dX 2

1

dt

h

up

up

sed

1
2
jup3  jup2  jsed
 jsed

(8)

݂݈݁݁݀ܽݎ݁ݕሺͻሻ
1 § Qin  Q p
3
2
3 ·
X in  jup3  jdown
 jsed
 jsed
¨
¸
h©
A
¹

dX 3
dt

dX 4
dt
dX 5
dt

1 3
4
3
4
(10)
jdown  jdown
 jsed
 jsed
h
1 4
5
4
՚ ܾݎ݁ݕ݈ܽ݉ݐݐሺͳͳሻ
jdown  jdown
 jsed
h

The only parameters defined as below are
used on the model:
D

(1)
r

(2)

Qin
1 / T H , the dilution factor,
V
Qr , the ratio of recirculated matter flows
Qe

rate,
b

For the feed layer, consider also the input flux
from the aerator tank. For top and bottom layers,
consider the output flux. The upward flux is a
concentrationሺܺሻ, which depends on the vertical

Qp , the ratio of wasted matter flows rate,
Qe

n 5 , the number of layers chose to model the
settler,

h , the thickness of a layer.
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dX 4
dt

The equations used to prescribe the processes
conducted in settler tank are rewritten as following,
Eq. (12, 13, 14, 15, and 16):
dX 1
dt

dX 2
dt
dX 3
dt

n.D. 1  b X 2  X 1 

n.D. 1  b X 3  X 2
n.D. 1  r

X in  X 2

1
jsed
h

(12)

1 1
2
 ( jsed
 jsed
)
h
1 2
3
 ( jsed
 jsed
)
h

(13)

Fresenius Environmental Bulletin

1 3
4
n.D. r  b X 3  X 4  ( jsed
 jsed
)
h

(15)
dX 5
dt

n.D. r  b X 4  X 5 

4
jsed
h

(16)

The biological processes and equations the
prescribe these process conducted in settler tank are
summarised on the scheme below (Figure 1).

(14)

FIGURE 1
General description of the traditional one-dimensional layer model with equidistant layers and constant
cross-section area, solids balance across settler layers
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To perform the dynamic modelling the
following parameters are considered, (Table 1).

coupling the aerator tank and the settler, with
Simulink tools.
TABLE 2
Parameters used in the Simulink model,
obtained from (Lindberg 1997)

TABLE 1
Summary of parameters used in the Simulink
model
Parameters

Quantity

Units

O2
NH4+
Ptotal
MES
QMNA5 Dry
period
QMNA2
Rainfall period
V
Y
ߤ݉ܽݔ
ݏܭ
Xa
b
Qe
S0
Kd
V

8
0.35
0.045
0.78

mg/l
mg/l
mg/l
mg/l
m3s-1

2.1

m3s-1

0.18
0.75
0.012
85
3
0.0256
252
285
4.17e-4
6028

m.s-1
Unit-less
j-1
g/m3
g/l
j-1
m3/h
mg/l
h-1
m3

Fresenius Environmental Bulletin

v0(m/h)
10.42

fns
1e-5

rh
2e-6

rp
1e-4

h (m)
0.1

Coupled model. To couple the model of the
aerator with the settler, we model the evolution of
ሺࡿሻ and ሺࢄሻ in the aerator, then sends the final
values at the entrance of the settler. These variables
are named ሺࢄ ሻandሺࡿሻ. For simplicity, we will not
consider any biological reactions occurring in the
settler. Then the concentration in organic matter is
changing between the input of the settler and the
output only by dilution, without dynamical process.
Using ሺࢄ ሻ as an input parameter, the evolution of
the biomass concentration for each layer of the
settler is calculated, solving the previous equations.
The concentrationሺࢄ ሻ is the recirculated
concentration of biomassሺࢄ࢘ ሻ. It is this value,
which is used to solve equations modeling the
aerator tank. It replaces the equation of the
evolution of ሺࢄ࢘ ሻ that we use in the aerator model.
The biomass at the top of the settler should be
almost equal to 0 if the parameters of kinetic are
well chosen. Schematic representation of the model
built in Simulink environment is given below,
(Figure 2).

In addition in order to conduct full modelling,
other parameters values are taken in literature,
(Table 2). We have now established the formalism
and we are able to build a model of the WWTP,

a)

b)

FIGURE 2
Schematic representation: a) aerator tank and b) settler tank modelled in Simulink environment
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RESULTS AND DISCUSSION

a)

Dry Weather. First, we present the evolution
of the biomass concentration ሺࡿሻ and the organic
matter concentration ሺࡿሻ at the output of the
aerator. The first quantity is the concentration,
which is the input of the settlerሺࢄ ሻ. Theሺࢄ ሻ,
equilibrium value is equal to 2490 mg/L and is
reached after 2766 h, (i.e. 115 days). However, the
evolution has a kind of exponential behaviour.
Ninety percent of the final concentration is reached
after 1117 h, (i.e. 46 days). The organic matter
concentration ሺࡿሻ at equilibrium is equal to 28.74
mg/L; the value is reached after 2270 h. We
obtained S=19 mg/L with the model of the aerator
only, the result are presented graphically on (Figure
3).

b)

FIGURE 4
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during dry period (output of the
settler)

a)

a)
b)

FIGURE 3
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during dry period (output of the
aerator)

b)

The settler does not act on the sludge,
however, ሺܺ ሻ steps in the calculation ofሺܺሻ,
which steps in the calculation ofሺܵሻ. Since ሺܺ ሻ
values are modified in the coupled model, in
comparison with the aerator model, the equilibrium
value of S is modified. Below, (Figure 4) is
presented measurements at the bottom output of the
settler, ሺܺ௦ ሻ the biomass at the output of the settler
(top layer) and ሺܺ ሻ the recirculated biomass
(bottom layer).
The output biomass concentration is equal, at
equilibrium, to 30 mg/L; this equilibrium state is
reached after 1897 h. The recirculated biomass
concentration is equal to 4916 mg/L, reached after
2983 h. The final value of the biomass
concentration at the top of the settler is equal to 30
mg/L, which is very small in comparison with the
concentration at the bottom of the settler,
ሺܺ ሻ~5000 mg/L. In the stationary model, we
neglected this quantity. From here is noticed that
this assumption was relevant.

FIGURE 5
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during rain period (output of the
aerator)
Rain Episode. Stormwater and wastewater are
collected in the same network. It is decided that
waste water treatment plant could not accept more
than 554 m3/h, in order to respect the assignments
of the concentration of pollutants in the river. In the
present study, the simulation is run considering that
an extra flow rate is collected from t=2500 h and
that the plant is full. It means that the final flow rate
is 554 m3/h. Then at t=2000 h, is increase the flow
rate ofܳ௨ െ ܳ ൌ ͷͷͶ െ ʹͷʹ ൌ ͵Ͳʹ݉ଷ Ȁ݄. A
mean value of the concentration of organic matter
in a unitary network (storm water + wasted water)
is 300 mg/l. At t=2000 h, ሺܵ ሻ jumps from 285
mg/L to 300 mg/L. Resulting concentrations along
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time of organic matter ሺܵሻ and biomass ሺܵ) at the
output of the aerator tank, and of biomass at the top
output ሺܺ௦ ሻ and the bottom output ሺܺ ሻ of the
settler are shown on (Figure 5).
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a)

a)

b)

b)

FIGURE 7
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during rain period (output of the
aerator, increased volume of the aerator)
FIGURE 6
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during rain period (output of the
settler)

a)

On the first graphics (Figure 6), it is clearly
observed the increase of organic matter
concentration at t=2000 h. In the same time, the
biomass concentration decreases until reach at 0
level. Actually, the aerator is emptied of its biomass
because of the increase of the input flow rate: the
hydraulic time is decreased, then the settling time
of bacteria in the aerator is too short to ensure the
degradation of organic matter. The bacteria
population cannot growth because of a lack of a
source of carbon (no degradation of organic
matter), [23]. We notice that the imposed flow rate
is the one determined during our previous project as
the maximal flow rate that the plant is able to treat.
This dynamical model shows that this flow
rate exceeds the treatment capacity of the plant. To
avoid this emptying effect, we increase the volume
of the aerator in order to have the same hydraulic
time in the rain regime than in the previous dry
case, [24] . In the dry case, the hydraulic time
wasߠு ൌ ܸൗܳ ൌ Ͳʹͺൗʹͷʹ ൌ ʹ͵Ǥͻ݄. A value of

b)

FIGURE 8
Graphical representation: a) organic matter and
b) biomass concentration evaluation for a
certain time during rain period (output of the
settler for increased volume of the aerator)
First, the plant is not emptied when the flow
rate is increased. All the concentrations reach a
constant value when the equilibrium state is
reached. In the aerator, is observed a slight increase
of the biomass when the flow rate is increased. As
presented below (Table 3), there are compared
values at the equilibrium in the dry case with values
at equilibrium for the wet case. It is noticed that the
volume in the second case is two times the volume
of the first one, however, the hydraulic time is kept
constant.

ߠு imposesܸ௪ ൌ ܳ௪ ߠு ൌ ͷͷͶ ൈ ʹ͵Ǥͻ ൌ
ͳ͵ʹͷʹ݉ଷ . It is imposed a step of flow rate and
ሺܵ ሻ at t=4000 h. If we impose a step at t=2000 h,
as for the previous case with V=6028 m3, it results
in a constant values at all of concentrations after the
certain step; then is decided to skip this issue.
Results are shown below on (Figure 7, 8).
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TABLE 3
Summary of results for dry and wet case

Dry (V=6028m3 ; Qe=252 m3/h)
Rain (V=13252m3 ; Qe=554 m3/h)

Xin
(mg/L)
2490
2639

S (mg/L)
28.74
28.46

XS
(mg/L)
30
30

Xr (mg/L)
4916
5258

modelling is conducted for the different regime; dry
weather and rain episode. From results obtained for
both case (i.e. aerator and settler tank) during rain
episode, is noticed that organic matter is decreasing
in both cases while biomass is increasing in the first
case and in decreasing the second case. This
phenomenon is due to the amount of oxygen, which
has the direct impact on organic matter and biomass
concentrations in both cases. On the other hand
during dry weather, for both case organic matter
and biomass as well, remains almost constant.
Then, we coupled the aerator tank with a settler
basin. This supposed to model sedimentation
processes taking place in the settler basin. In this
case, results obtained with the Mc Carthy model
were not applicable. Indeed, we have found that the
maximal flow rate calculated with Mc Carthy over
passed the capacity of the plant with a dynamical
model.

Results are almost equal. Keeping the
hydraulic time constant, it is noticed an equivalent
situation in both cases. Concerning the dynamics of
the process is observed a delay between the
increase of organic matter and the growth of the
bacteria population. The (Figure 9) is a zoom on the
graphics of ሺܺ ሻ and ሺܵሻ along time.
a)

b)
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SOLID PHASE EXTRACTION METHOD FOR THE
DETERMINATION OF TRACE METAL IONS BY ATOMIC
ABSORPTION SPECTROMETRY
USING AMBERLITE XAD-16 LOADED WITH BTAMB
Guzin Alpdogan
<ÕOGÕ]7HFKQLFDO8QLYHUVLW\ Faculty of Science and Arts, Department of Chemistry 'DYXWSDúD-Istanbul / TURKEY

and higher levels of the contaminant ions in the real
samples are two important problems for metal
determinations in environmental samples by using
measurement techniques [4-7]. For this reason, a
separation/preconcentration procedure is an
important requirement for samples before
determining their trace metals [8-9]. Cloud point
extraction, solvent extraction, electrochemical
deposition, ion exchange, coprecipitation and solid
phase
extraction
are
widely
used
as
preconcentration and separation techniques for
trace heavy metal ions in the various samples [1015]. Among these, solid phase extraction is
commonly used, and is a very favorable technique
[16]. The studies on the solid phase extraction
based on the adsorption of heavy metals at trace
levels show that the adsorbent should have some
properties: the possibility of extracting lots of metal
ions in a wide pH range, fast and quantitative
adsorption and easy elution, repeated usability and
accessibility. Silicagel [17-18], cellulose [19-20],
activated carbon [21-22], Amberlite XAD resins
[23-27], biosorbents [28], and various polymers
[29] are the most widely used support materials.
Amberlite XAD resin which possess excellent
chemical and physical stability also can be loaded
with various ligands since it contains relatively
large number of active aromatic sites allowed ɩ-ɩ
interactions. So, sorption capacity of the chelating
resin can be improved. Its moderate porosity can
hold a large amount of water and exhibits a good
hydrophilic character which is crucial factor that
manages the rate of metal ion phase transfer [3031]. BTAMB (2-(2-benzothiazolylazo)-5-dimethyl
aminobenzoic acid) was not previously used for
preconcentration studies to determine trace heavy
metals. A literature investigation showed that
BTAMB was employed as a spectrophotometric
reagent in several procedure [32]. Its reaction with
copper (II) ions was also studied by Katami and
Hayakawa [33].

ABSTRACT
Application of 2-(2-benzothiazolylazo)-5dimethyl aminobenzoic acid (BTAMB) coated
Amberlite XAD-16, for preconcentration of Cu (II),
Cd (II), Zn (II), Ni (II), Fe (II), Co (II) and Mn (II)
by solid phase extraction and their determination by
FAAS was studied. The effect of pH, type,
concentration and volume of eluent, sample
volume, flow rates of sample and elution solutions,
and interfering ions were investigated. The
optimum pH for simultaneous retention of all the
metal ions was 6.5. Eluent for quantitative elution
was 25 mL of 3 M HNO3. The optimum sample and
eluent flow rates were found as 2 mL/min, and also
sample volume was 2000 mL, except for Co (85%
recovery). The sorption capacity was found
between 21 and 27 mg/g and preconcentration
factors ranged from 200 to 400. The recovery
values for all of the metal LRQV ZHUH  % and
relative standard deviation of the determination was
 %. The detection limit values were in the
range of 0.71 to  ȝJ/. The accuracy of the
method was confirmed by analysing the certified
reference materials (SRM 1643e water and NCS
ZC 73013 spinach) and the recovery studies. This
procedure was applied successfully to the
determination of Cu (II), Cd(II), Zn (II), Ni (II), Fe
(II), Co (II) and Mn (II) in tap water, mineral water
and food samples.
KEYWORDS:
2-(2- benzothiazolylazo)-5-dimethyl aminobenzoic acid,
Preconcentration, Trace metal, Solid phase extraction,
FAAS.

INTRODUCTION
Heavy metal ions are toxic, nonbiodegradable, and tend to be accumulated through
food chains in the human vital organs. Therefore,
the determination of trace heavy metal ions in
environmental samples has received increasing
attention during the last two decades [1-3].
Lower levels of the heavy metals than the
quantitation limits of the instrumental techniques

In the present work, BTAMB was synthetized
and used for the on-column complexation of Cu
(II), Cd(II), Zn (II), Ni (II), Fe (II), Co (II) and Mn
(II) before preconcentration on an Amberlite XAD16 column prior to the determination by flame
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acid in methanolic solution at 0-50 C as described
earlier [32].

atomic absorption spectrometry (FAAS). The
optimized method was applied to the determination
of trace metals in certified reference materials,
water and food samples with satisfactory results.

MATERIALS AND METHODS
Instruments. The measurements of metal ions
were performed with a Perkin-Elmer Analyst 700
(Waltham, MA, USA) atomic absorption
spectrometer equipped with a hollow cathode lamp
and a deuterium background corrector, at respective
wavelengths using an air±acetylene flame. The
operating parameters such as slot-burner head, a
lamp and air acetylene flame for the studied metal
ions were set up as recommended by manufacturer.
A column containing 500 mg of XAD-16 in water
susspension was 10 cm long and 1.0 cm in
diameter. The bed height of the absorber in the
column was approximately 2.0 cm. The column
was preconditioned with 10-15 mL of 1 M HNO3 in
acetone prior to percolation of the sample.
Milestone Ethos D closed vessel microwave system
(max pressure 1450 pSI, max temperature 300 o C)
was used for sample preparation. The pH was
measured with digital pH meter (Toshniwal
Instruments, Ajmer, India). The flow of solution
through the column was controlled using peristaltic
pump (Watson-Marlow Model 101/U/R, UK). An
Nüve SL 350 mechanical shaker with speed control
was used for batch experiments.

FIGURE 1
2-(2-benzothiazolylazo)-5-dimethyl
aminobenzoic acid (BTAMB )
Amberlite XAD-16 resin (0.5 g) was added to
10 mL of methanolic solution containing 0.1 %
(w/v) BTAMB and the mixture was shaken on the
mechanical shaker for 20 min. The chelating resin
was filtered, washed with water and dried in an
oven at 1050 C. The prepared resin was slurried in
water and poured into a gently packed glass wool
column. The impregnated resin was rinsed with
distilled water and conditioned with 10-15 mL of
pH 6.5 buffer solution prior to passage of the
sample solution.
General Procedure. The pH of the model
solution (50 mL) contaiQLQJ  ȝJ )H ,,,  DQG 1L
(II   ȝJ &X ,,  DQG =Q ,,   ȝJ 0Q ,,) and
CR ,, ȝJ&G ,,) ions was adjusted to 6.5 with
buffer solution. Then the model solution was passed
through the column containing BTAMB coated
Amberlite XAD-16, at a flow rate of 2 mL/min.
The trace metal ions adsorbed on the column were
eluted by using 25 mL of 3 M HNO3. The eluate
was evaporated to near dryness on a hot plate, and
it was diluted to 5 mL with 1 M HNO3 solution.
The concentration of the metal ions in the final
solutions was determined by FAAS. A blank
solution was run under the same conditions without
adding the analytes. The adsorbent was used
repeatedly after washing with water.

Reagents and Solutions. All chemicals and
solutions were analytical reagent grade and they
were purchased from Merck (Darmstadt, Germany)
and Aldrich (Milwaukee, USA). Distilled, deionised water was used for solution preparations.
Stock solutions of the studied metals (Cu (II), Cd
(II ), Zn (II), Ni (II), Fe (II), Co (II) and Mn (II)) at
a concentration of 1000 mg/L were prepared in 0.5
M HNO3. Working standard solutions were
prepared by suitable dilution of the stock solutions.
Buffer solutions were used for pH adjustment. For
this purpose, solutions containing suitable amounts
of Na2SO4±NaHSO4 for pH 2, HAc±NH4Ac for 4-6
and NH3±NH4Cl for pH 8-10 were prepared in
water. Amberlite XAD-16 (non-ionic divinyl
polystyrene; specific area 800 m2/g and bead size;
20-60 mesh) was procured from Aldrich
(Milwaukee, USA).

Sample Preparations. Spinach, eggplant,
white cabbage and mushrooms were purchased at
local Istanbul markets. Samples of spinach,
eggplant, white cabbage and mushrooms were
cleaned with tap water and deionized water. The
NCS ZC 73013 spinach CRM (China National
Analysis Centre) as a standard reference material
and all vegetable samples were dried at 1050 C for
24 hours. Then 200 mg of each sample, including
the spinach CRM was digested in a microwave
oven with 3 mL HNO3 (68%) and 5 mL H2O2
(30%). After digestion time (40 min) the vessels
were let to cool to room temperature (about 30
min). The clear solution was made up to 250 mL
using deionised water. The digested spinach CRM
was diluted with 50 mL of distilled water. Then the
FAAS procedure given above was applied to all of
these solutions.

Synthesis of 2-(2- benzothiazolylazo)-5dimethyl aminobenzoic acid and Preparation of
BTAMB Impregnated Amberlite XAD-16
Column. 2- (2-benzothiazolylazo) -5- dimethyl
aminobenzoic acid (BTAMB) reagent (Figure 1)
was obtained by coupling diazotised 2aminobenzothiazole with 3-dimethylaminobenzoic
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Sorption Capacity of Resin.The sorption
capacity of resin (maximum amount of metal
sorbed per gram) each metal ion was determined by
saturating 0.5 g of BTAMB-coated Amberlite
XAD-16 resin with a metal solution. The sorbed
metal ions were eluted with 3 M HNO3 at a flow
rate of 2 mL/min and the eluates were determined
as described in the general procedure. The results
are presented in Table 2. It can be deduced that the
sorption capacity of resin for the studied metal ions
was found to range from 18.0 to 27.0 mg/g.

RESULTS AND DISCUSSION
Influence of pH. Since pH plays an important
role in the quantitative extraction of metal ions in
solid phase extraction, the influence of pH on the
recovery of the analyte elements was examined
ranging from 3-9 [34-35]. As shown in Figure 2,
the best quantitative recovery values were obtained
at pH 6.5 which was chosen for subsequent
experiments.

TABLE 2
Sorption capacities and loading time of the resin.

Elution. The effect of type and concentration
of eluent on the sorption of metal ions was also
investigated and various acidic solutions were
tested to obtain high quantitative recoveries. As can
be seen in Table 1, the highest recovery values for
all of the metal ions were only obtained with 3 M
HNO3. Therefore, 3 M HNO3 was selected as the
eluent for solid phase extraction. The optimum
eluent volume was also tested; and quantitative
recovery values were obtained for the metal ions
with 25 mL of eluent volume.

Recovery %
Cu

Cd

Zn

Ni

Fe

Co

Mn

92
96
101
95

86
93
99
91

84
90
98
81

93
95
100
95

89
91
99
94

87
92
99
88

89
91
98
85

Metal
Ion
Cu
Cd
Zn
Ni
Fe

Sorption Capacity
(mg/g)
23
22
21
22
27

Co
Mn

18
25

Loading Time (min)
5.2
6.0
5.6
5.2
8.0
5.8
8.2

Effect of Matrix Ions. Matrix effect is a wellknown problem for the FAAS determination of
metal ions in saline samples. The interference of
cations and anions on the present preconcentrationseparation system were examined under optimized
conditions. The results are summarized in Table 3.
Since the recovery values for the studied metal ions
are generally quantitative in the presence of the
investigated foreign ions, it was found that the
proposed extraction method can be applied to saline
samples.

TABLE 1
Effect of eluent type and concentration on the
recovery values.

1 M HNO3
2 M HNO3
3 M HNO3
3 M HCl

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

earlier. It was found that the optimum flow rate for
all the seven metal ions was 2 mL/min.
Additionally, it was seen that there was a decrease
in percentage sorption at a flow rate greater than 3
mL/min.

The standard reference material SRM 1643e
water
(National
Institute
of Standards and
Technology), tap water from Istanbul city and
commercial bottled mineral waters were analyzed
by filtering through cellulose membrane filter
(Millipore, Bedford, MA, USA  RI  ȝP SRUH
size. The pH of the samples was also adjusted to
6.5. After the separation/preconcentration method
given above was applied, the concentration of
studied metal ions in final solution was determined
by FAAS.

Eluent



Preconcentration and Recovery of Metal
Ions. Preconcentration factor was determined by
increasing the dilution of metal ion solution while
keeping the total amount of loaded metal fixed at
ȝJIRU0QȝJIRU)H&GDQGȝJIRU=Q
Cu, Co or Ni and applying the recommended
column procedure. These were guided by middle
concentration value of calibration curve of each
metal ion, as it should be available in the final
eluate so that error is least. The preconcentration
factors and feed volumes are given in Table 4. The
limit of detection values (defined as blank +3 SD)
are ȝJ/

Effect of Flow Rate. The metal ions sorption
on BTAMB-coated Amberlite XAD-16 was studied
at different flow rates of the solution. A set of
solutions (50 mL  FRQWDLQLQJ  ȝJ Rf individual
metal ion were taken and the solution pH was
adjusted to 6.5, then solutions were passed through
a resin loaded column at a flow rate of 1 to 5
mL/min. The metal ions from the resin were
desorbed by 25 mL of eluent volume. The metal
content of eluate was determined as described
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FIGURE 2
Effect of pH
TABLE 3
Influence of matrix ions.
Recovery %
Ion
+

Na
K+
Mg2+
Ca2+
Cu2+
Cd2+
Pb2+
Co2+
Fe3+
Mn2+
Ni2+
Zn2+
Cr3+
Ag+
Cl-1
CO32SO42-

Concentration
(mg/L)
5000
5000
2500
2500
50
50
50
50
50
50
50
50
50
50
5000
2500
2500

Added as

Cu

Cd

Zn

Ni

Fe

Co

Mn

NaCl
KCl
Mg(NO3)2
CaCl2
Cu(NO3)2.3H2O
Cd(NO3)2.2 H2O
Pb(NO3)2.6 H2O
Co(NO3)2.6 H2O
Fe(NO3)3.9 H2O
MnSO4. H2O
Ni(NO3)2.H2O
Zn(NO3)2
Cr (NO3)3
AgNO3
NH4Cl
Na2CO3
Na2SO4

99
100
99
98
97
96
98
98
95
98
100
98
98
99
100
97

97
99
98
95
98
99
97
97
98
97
98
98
97
98
96
98

98
95
97
98
96
98
98
96
100
97
100
97
96
96
95
97

99
100
100
99
95
99
97
95
98
96
99
100
99
95
99
95

97
99
98
96
96
98
100
99
99
98
97
98
100
99
95
96

95
98
97
95
95
97
98
97
95
97
96
97
96
97
95
100

96
99
95
97
95
99
97
96
98
95
98
99
96
98
97
98

TABLE 4
Preconcentration factors and preconcentration
limits of the studied metal ions.
Concent
Total
Metal Volume ration
(mL)
(ng/mL)
Cu
1500
4.8
Cd
Zn
Ni
Fe
Co
Mn

1500
1500
1500
2000
1000
2000

4.8
5.0
5.0
3.5
7.5
3.5

Final
Volume
(mL)
5
5
5
5
5
5
5

Recovery
%

Preconcentration
Factor

98

300

99
98
97
100
99
98

300
300
300
400
200
400

for Cu (II), Cd(II), Zn(II), Ni(II), Fe (III), Co (II)
and Mn (II), respectively, and corresponding limit
of quantification values (defined as blank +10 SD)
DUHDQGȝJ/
respectively.
Validation and Application of Proposed
Method. In order to demostrate the validity and
accuracy of the proposed preconcentration and
determination method, the analytes were
determined in standard reference materials of
spinach (NCS ZC 73013) and fresh water (SRM
1643e). All the results are summarised in Table 5.
As can be seen from the table, the results are in
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TABLE 5
Analysis of the certified reference materials
NCS ZCa 73013
Spinach
&HUWLILHGYDOXH ȝJJ
Amount found
ȝJJ b
Recovery %

Cu

Cd

Zn

Ni

Fe

Co

Mn

8.9 ± 0.4

150 ± 25

35.3 ± 1.5

0.92 ± 0.12

540 ± 20

0.22 ± 0.03

41 ± 3

9.1 ± 0.3

148 ± 12

34.5 ± 1.7

0.91 ± 0.15

542 ± 18

0.21 ± 0.05

40 ± 2

102

99

98

99

101

96

98

22.2 ±
0.01
22.50 ±
0.12
101

6.408 ±
0.071
6.335 ±
0.065
99

95.7 ± 1.4

26.4 ± 0.32

95.3 ± 0.9

25.6 ± 0.28

99

97

SRM 1643ec
Certified value ȝJJ
Amount found
ȝJJ b
Recovery %

76.5 ± 2.1
75.3 ± 1.8
99

60.89 ±
0.67
61.65 ±
0.55
101

38.02 ±
0.44
37.9 ±
0.38
100

a: China National Analysis Centre for Iron and Steel
b: The confidence interval was calculated at P=0.95 ( N=5 )
c: Standard Reference Material trace elements in fresh water

TABLE 6
The application of presented method in real samples for contents of analyte ions (N=5).
Element
Cu
Cd
Zn
Ni
Fe
Co
Mn

Tap waWHU ȝJ/

Mineral water
ȝJ/

Spinach (mg/kg)

Wild mushroom
(mg/kg)

Eggplant (mg/kg)

8.30 ± 1.2
1.45 ± 0.20
27 ± 1.30
10.3 ± 1.11
45.2 ± 1.81
2.68 ± 0.93
15.7 ± 2.21

2.1 ± 0.76
0.88 ± 0.29
13.2 ± 1.19
0.98 ± 0.31
18.3 ± 1.33
1.5 ± 0.41
2.25 ± 0.32

2.3 ± 0.42
0.21 ± 0.11
1360 ± 2.5 2
6.3 ± 1.34
2460 ± 2.71
0.83 ± 0.33
1.2 ± 0.71

28.4 ± 2.71
0.72 ± 0.19
78.2 ± 1.44
4.41 ± 1.07
432 ± 3.93
1.6 ± 0.28
86 ± 2.53

1.6 ± 0.51
0.17 ± 0.24
1167 ± 1.91
3.8 ± 0.83
1830 ± 2.72
0.55 ± 0.21
0.95 ± 0.23

the others, except for one study [36]. The
preconcentration factor of the studied metal ions are
superior to those of some solid phase extraction
techniques for analyses. Also this method is
relatively rapid as compared with previously
reported procedures for the preconcentration of
trace metal ions. The detection limits achieved are
superior to solid phase extraction methods for
investigated trace metals [36,38,40,41,46-48].

good agreement with the certified values. It can be
concluded that the proposed solid phase extraction
method was free from interferences of the various
constituents.
Analysis of Real Samples. The solid phase
extraction procedure for analyte ions was applied to
various microwave assisted digested enviromental
samples. For this purpose, these samples were
digested by closed microwave system, and then
preconcentration/separation procedure was applied.
The results for water and food samples are given in
Table 6. The results listed in this table show that
analyte elements at ȝJ/ ZDWHU  DQG  ȝJJ IRRG 
levels can easily be determined by FAAS after
using the proposed solid phase extraction
procedure.

CONCLUSIONS
In the presented study, a new solid phase
extraction technique was developed based on the
preconcentration of Cu (II), Cd (II), Zn (II), Ni (II),
Fe (II), Co (II) and Mn (II) in different samples on
Amberlite XAD-16 prior to the determination by
FAAS. BTAMB was used as a on-column
complexation agent.
The
preconcentration/
separation proposed method has some advantages
such as simple, rapid, accurate and low cost.

Comparison with Other Methods. A
comparison of the proposed method with the other
preconcentration procedures using various modified
adsorbents were given in Table 7. The detection
limit of metals, preconcentration factor and sorption
capacity obtained were comparable with the other
methods described in the literature.

The reusability of BTAMB-XAD-16 is greater
than 100 cycles without any change in its sorption
behavior. The system is successful in
preconcentration of metal ions from large sample
volume. Additionally, the procedure shows high

According to Table 7, the proposed method
has high adsorption capacities when compared with
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TABLE7
Comparison with the other preconcentration procedures used the loaded adsorbent for the determination
of some metal ions.
Support/Ligand
Amberlite XAD-16/
Salicyaldehyde
calix[4]resorcinarenes
Amberlite
XAD-1180/ 1-(2thiazolylazo)-2-naphthol
Amberlite XAD-4/
Morpholine
dithiocarbamate
Nanometer-sized
Alumina/chromotropic acid
Amberlite XAD-7/
Xylenol orange
Amberlite XAD-7/
Morpholine
dithiocarbamate
Amberlite XAD-4/
Dithiocarbamate
Chromosorb108/
Bathocuproine
disulfonic acid
Activated carbon/
Pyrocatechol
violet
Amberlite XAD-4/
1-( 2-pyridylazo )-2naphthol
Multiwalled Carbon
Nanotube Disk/
Congo Red
Amberlite XAD-4/
Di-2-pyridylketone
thiosemicarbazone
Amberlite XAD-1180/
1-( 2-pyridylazo )-2naphthol
Amberlite XAD-16/
BTAMB

SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 
SC(mg/g)
PF
'/ ȝJ/ 

Cu
68.5
208
1.8
0.77
200
0.05
159
160
1.2
14.5
100
0.22
25.2
50
6.0
9.96
50
2.36
11/11
230/200
0.4/1.0
7.5
80
0.16

Cd
62.5
208
1.6
0.57
100
0.03
89
120
2.0
10.3
50
0.14
17.8
50
9.0
9.14
50
4.19
9.5/9.2
180/150
0.1/0.7
3.5
80
0.24

Zn

100
25

100
13

100
54

200
0.24

200
0.16

200
0.20

156
150
1.5

27.5
100
21
10.31
50
3.12

5.3
80
0.27

25
1.8
2.0
300
30

23
300
0.71

5.30
30
0.7
22
300
3.55

30
0.8
21
300
0.98

Ni
61.9
208
2.2
0.41
100
0.53
175
90
1.5
11.7
75
0.28
44.3
100
3.0
10.22
50
2.46
7.0/7.5
130/120
0.4/0.9
4.9
80
0.44

25
2.1
2.0
200
30
3.67
30
3.1
22
300
1.85

Fe

Co
61.9
208
2.3

Mn

[36]
0.30
50
0.39
0.30
50
0.39
15.1
75
0.27

29
100
6.0
9.37
50
3.79

6.4
80
0.20

25
4.2
2.0
200
50

27
400
2.43

Ref.

[37]

[38]

[39]

44
100
24
9.25
50
3.48
8.6/8.2
120/140
0.3/0.8
4.7
80
0.25

5.6
80
0.33

100
36

100
21

[44]

200
0.27

[45]

25
1.2

[46]

[40]

[41]

[42]

2.0
200
50

18
200
1.05

[43]

[47]

10
10
25
400
1.27

[48]
This
work

SC: Sorption Capacity
PF: Preconcentration factor
DL: Detection Limit

mercury determination. J. Anal. At. Spectrom.,
22: 650-656.
[3] Venkatesh, G., Singh, A. K. (2007). 4-(((2hydroxyphenyl)
imino)
methyl)-1,2benzenediol (HIMB) anchored Amberlite
XAD-16: preparation and application as metal
extractants. Talanta, 71: 282-287.
[4] Arain, M.B., Kazi, T. G., Jamali, M. K.,
Jalbani, N., Afridi, H. I., Baig, J. A. (2008).
Speciation of heavy metals in sediment by
conventional, ultrasound and microwave
assisted single extraction: a comparison with
modified sequential extraction procedure J.
Hazard. Mater., 154: 998-1006.
[5] Kazi, T. G., Jamali, M. K., Arain, M. B.,
Afridi, H. I., Jalbani, N., Sarfraz, R. A.,
Ansari, R. (2009). Evaluation of an ultrasonic

tolerance to interferences from the matrix ions. The
study also presents a useful multielement
enrichment technique in various samples including
water analysis, food, etc, with acceptable accuracy
and precision.
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largest tributary of the Huai River. With the rapid
development of industry and agriculture, massive
industrial and agricultural wastewaters containing
heavy metals have been discharged into the river
[14,15]. The research has been conducted to acquire
the distribution and pollution of sediment heavy
metals in sections of the Shaying River [7].
However, a study for comprehensive evaluation of
sediment heavy metal pollution in the Shaying
River Basin is still necessary.
Many methods are used to assess sediment
heavy metal pollution, such as accumulation index,
potential ecological risk index, pollution load index,
enrichment factor method, comprehensive index
method [3,16-20]. Geo-accumulation Index (Igeo)
has been known as the most scientific and effective
method to judge the enrichment degree of heavy
metal pollution [3].The potential ecological risk
index (RI) is conducted to evaluate the potential
risk to the marine ecosystem posed by the heavy
metals [19]. Due to limits of each method, normally
several methods are collectively employed to
evaluate the situation of heavy metal pollution.
Further, statistical analysis is also crucial to
obtaining meaningful results, such as principal
components analysis (PCA), hierarchical cluster
analysis (HACA), correlation analysis (CA),
discriminant analysis (DA) [3,7,21,22].
The objectives of this study are (i) to
investigate spatial distributions of sediment heavy
metals in the Shaying River Basin, (ii) to evaluate
the pollution and ecological risks of the heavy
metals by using Igeo and RI, and (iii) to identify the
relationship between sampling sites and heavy
metals by using HACA and CA, and find out main
pollution sources by using PCA.

ABSTRACT
For comprehensive understanding of sediment
heavy metal pollution in the Shaying River Basin,
China, the distribution survey, risk assessment and
statistical analyses of the metals (Cd, Hg, As, Cu,
Pb, Cr and Zn) were conducted in this paper.
Geo-accumulation Index (Igeo) and Potential
Ecological Risk Index (RI) were employed to
assess the metal pollution degree and the potential
ecological risk, respectively. Principal components
analysis (PCA) was used for finding out main
pollution sources, Hierarchical cluster analysis
(HACA) and Correlation analysis (CA) were used
for identifying the relationship between sampling
sites and heavy metals. The results showed that, all
the metals except As and Cr were higher than their
backgrounds, and Hg contamination was the
highest, followed by Cd. The main pollution
sources of group A were Cu-Cr-Zn, those of group
B were As-Zn and Hg-Cd for group C.
KEYWORDS:
Heavy metals; Sediment; Distribution;
Assessment; Statistical Analysis

Pollution

INTRODUCTION
As an important component of water
environment, sediment is recognized as the
pollutant carrier for migration and transformation in
water [1-3] and turns out to be the key factor in the
full measurement of water environment quality
[4-6]. Due to the properties including multi-source,
easy enrichment, non-biodegradability and toxicity,
heavy metal pollution of aquatic systems has
become one of the most challenging issues [7-11].
Research showed that the concentrations of heavy
metals in sediments were hundreds of times higher
than those in the aqueous phase [12,13]. Thus, the
evaluation of heavy metals in sediments is of great
significance and can provide fundamental
information for heavy metal pollution in aquatic
environment.
The Shaying River, in Henan Province, is the

MATERIALS AND METHODS
Study area. The length of the Shaying River
is 410 kilometers with the drained area of 32,539
km2. The river source is close to Song mountain in
Dengfeng County, Henan Province. The main
tributaries of the Shaying River in Henan Province
include Sha River, Ying River, Jialu River, Qingyi
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River, Beiru River, Fen River, Heici River, Suoxu
River. The basin includes the cities of Zhengzhou,
Pingdingshan, Luohe, Xuchang, Zhoukou, Kaifeng
and Luoyang. This district is highly developed in
agriculture as the important commercial grain
production base and has dense population. A
number of industries including metallurgy, coal,
building materials, textile, electricity and food, also
existed in this basin, of which some make
significant contributions to the entire China, such as
coal industry in Pingdingshan City, metallurgy and
textile in Zhengzhou City, chemical industry in
Kaifeng City, and food processing industry in
Luohe and Zhoukou City. Overall, the economic
development is promoted by these industries and
agricultures; however, the environment is inevitably
influenced simultaneously. Large amounts of heavy
metals in wastewaters enter the river, are
accumulated/bio-accumulated
in
sediments/organisms, and finally threaten human
health through food chain.

reaction finished, the sediment was pressured in the
Teflon bomb with 2.5 ml HNO3 and 7.5 ml HCl for
30 min at the appropriate power. The digested
solution was transferred into a volumetric flask and
diluted to 50 ml with ultra pure water for ion
analysis.
Cd and Pb were measured using an Atomic
Absorption Spectrometer (AAS) (Avanta PM, GBC,
Australia); Cu, Cr and Zn were determined using an
Inductively Coupled Plasma Emission Spectrometer
(ICPES) (iCAP6300, TFS, America); Hg and As
were gauged using an Atomic Fluorescence
Spectrometer (AFS) (AFS0930, Titan, China). The
instruments were calibrated daily using calibration
standards.
All analytical data were subject to strict
quality control. Precision and accuracy were
verified using standard reference materials from the
National Research Center for Geoanalysis of China
[sediment, GBW07304 (GSD-4)]. The accepted
recoveries ranged from 90% to 108%. Differences
in heavy metal concentrations between this study
and the certified values were <10%. Blanks for
digestion and analysis methods were evaluated in
duplicate with each set of samples. The relative
deviation of the duplicate samples was <5% in all
batch treatments.

Sampling collection and chemical analysis.
Sampling collection. Surface sediments at 25 sites
(0-10 cm depth) were collected from the Shaying
River Basin in August 2013. The information of the
sampling sites is showed in Fig. 1 and Table S1.
Three parallel samples from each site were
collected and mixed in a pot. After removing
gravels, shells and plant residues, the sediments
samples were sealed with clean polyethylene bags
and stored at low temperature with ice bag
Chemical analysis. The digestion of sediment
samples was as follows: 0.250 g of freeze-dried and
ground sediment was wetted using deionized water
and pressure-digested in Teflon bomb in a fume
hood with 1.5 ml H2O2 for pre-digestion. After the
.

Pollution and ecological risk assessment.
Pollution assessment. The Geo-accumulation
Index (Igeo) was first developed by a German
scientist Muller in 1979 [21,23-25]. The method
only could show the pollution degree of heavy
metal in a single site, could not get the integrated
pollution degree of heavy metal in a large area
(multiple sampling points). It can achieve

FIGURE 1
Sampling sites in the Shaying River Basin, China
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ecological risk and Eri is potential ecological risk
index of heavy metal i; T ri is the toxicity coefficient
of heavy metal i , which reflects heavy metal
toxicity levels and the sensitivity of water to heavy
metal pollution, the toxicity coefficient of Cd, Hg,
As, Cu, Pb, Cr and Zn are 30, 40, 10, 5, 5, 2 and 1,
respectively; Cri (Cri = Csi/Cni) is the single heavy
metal pollution index, Csi is the measured heavy
metal content in surface sediments and Cni is the
background reference value. The grading standards
for Eri and RI are shown in Table 2[28].

the intensity comparison for heavy metals
accumulation through statistical analysis [26]. The
Igeo is defined by the following equation:

I geo

log 2 [C ni /(1.5B i )]

(1)

i

where Cn is the concentration of metal i in the
sediment; Bi is the geochemical background
concentration of metal i, which was taken from the
soil heavy metal background values; 1.5 is the
background matrix correction factor due to
lithospheric effects. The evaluation criteria for Igeo
are shown in Table 1[27].

Statistical analysis. Multivariate analysis was
performed using hierarchical cluster analysis
(HACA), correlation analysis (CA) and principal
components analysis (PCA) [29-32]. HACA is used
to find out the similarities and differences of the
sites and metals. CA was implemented to determine
the relationship between every two heavy metals
[33-35]. PCA is used to evaluate the principal
components, compute the eigenvectors, identify the
significant impact factors and further determine the
common pollution sources [36-38].

TABLE 1
Evaluation criteria for Igeo
Value of Igeo

Pollution level


0-1
1-2
2-3
3-4
4-5


Unpolluted
Unpolluted to moderately
Moderately polluted
Moderately polluted to strongly
Strongly polluted
Strongly to very strongly
Very strongly polluted

RESULTS AND DISCUSSION

Ecological risk assessment. The Potential
Ecological Risk Index (RI) was proposed by
Hakanson in 1980[15]. This method not only takes
toxicity, migration, transformation rules and
sensitivity of sediment heavy metals into account,
but also eliminates regional differences of different
pollution through comparing the regional
background values. The method is suitable for the
evaluation and comparison of different sources of
sediments in large area. The equation of RI is as
follows:

RI

¦E

¦T

i
r

r

i

uC r

i

Heavy
metal
concentrations
and
distribution. The concentration ranges and average
concentrations of heavy metals in surface sediments
of the Shaying River Basin are summarized in
Table 3. The average concentrations of Cd, Hg, Cu,
Pb and Zn were 0.301, 0.215, 22.602, 25.612,
67.068mg/kg, higher than their respective soil
backgrounds, while As and Cr (6.686 and 29.196
mg/kg) were lower than their backgrounds. These
metal pollutions were comparable with the previous
reports [39,40].

(2)

where, RI is the comprehensive heavy metals

TABLE 2
Potential ecological risk index and grading standards
Er i

risk classes for single

i

Er <40
(ri <80
(ri <160
(ri <320
Eri

RI

metal
Minor
Middle
Strong
Stronger
Extremely strong

Comprehensive risk classes for all
heavy metals

RI<150
5,
5,
5,

Minor
Middle
Strong
Stronger

TABLE 3
Summary of heavy metal concentrations (mg/kg) in surface sediments from the Shaying River Basin,
China
Minimum
Maximum
SV
Average
Background value in soil of

Cd
0.074
2.94
1.877
0.301
0.065

Hg
0.013
1.61
1.615
0.215
0.025

As
0.55
13.8
0.452
6.686
9.8
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Cu
7.09
75.3
0.759
22.602
20.0

Pb
17.6
67
0.409
25.612
22.3

Cr
16.1
73.3
0.471
29.196
63.2

Zn
12.8
180
0.641
67.068
62.5
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FIGURE 2
The spatial distributions of heavy metals in surface sediments from the four main tributaries (detailed
information in section 2.1)
Twenty-two points were polluted by Cd, of which
five ZHUH ³Moderately pollutedā and three were
³Moderately to strongly polluted´, ³Strongly
polluted´ and ³Strongly to very strongly polluted´,
respectivly. Twenty-three points were polluted by
Hg, the site number of the pollution degree of
³8QSROOXWHG WR PRGHUDWHO\ SROOXWHG´ was nine,
eight for the pollution degree of ³Moderately
polluted´ two for ³Moderately to strongly
polluted´, one for ³Strongly polluted´, two for
³Strongly to very strongly polluted´, one for ³Very
strongly polluted´2YHUDOOWhe descending order of
various metals pollution degree was Hg > Cd >
&X!=Q!3E!$V§&U
From Fig. 3, it was concluded that the polluted
points were YH-3, JLH-2, JLH-3 and QYH-2. In
the sample point of YH-3, the pollution degrees of
&G DQG +J ZHUH ³Strongly to very strongly
polluted´ DQG ³Moderately to strongly polluted´
respectively, indicating that the metals were
accumulated there. Ying River and Jialu River
converged at YH-3 and a dam was located on 100
m downstream, the pollutant input and deposition
were responsible for the accumulation of Cd and
Hg; For QYH-2, because of the release of the plant
recovering Hg, the main pollutant source was Hg ,
whose level was ³6WURQJO\ WR YHU\ VWURQJO\
SROOXWHG´ more serious than the tanneries nearby;
While in JLH-2 and JLH-3, the pollution was

The distribution patterns of sediment Cd, Hg,
As, Cu, Pb, Cr and Zn in the Shaying River Basin
are shown in the Fig. 2. Generally, the metal
contents were low in upstream (the first sampling
points), close to their backgrounds except Cr in Sha
river, indicating that the upstream regions were less
contaminated. In the middle reaches, due to the
agriculture, industry and urbanization, the sediment
metals presented peak concentrations. In the
locations downstream, the metal pollutions
somewhat decreased in comparison with the peaks,
implying that the transfer of sediment metals from
midstream to downstream was hard.
Pollution and ecological risk assessment.
Pollution assessment. The Geo-accumulation
Index of heavy metals in sediment samples are
shown in Fig. 3. No pollution for As and Cr existed
in the whole basin, and only few points appeared to
be a slight pollution of Cu, Pb and Zn, while Cd
and Hg showed different pollution degrees at each
sampling site. Four sites were polluted by Cu, of
which two sites showed a pollution extent of
³8QSROOXWHGWRPRGHUDWHO\SROOXWHG´ and the others
ZHUH ³0RGHUDWHO\ SROOXWHG´ Three sites were
polluted by Pb, of which two sites had a pollution
extent of ³8QSROOXWHG WR PRGHUDWHO\ SROOXWHG´ DQG
the left one was ³0RGHUDWHO\SROOXWHG´Five points
were polluted by Zn and all their pollution degrees
were ³8QSROOXWHG WR PRGHUDWHO\ SROOXWHG´
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FIGURE 3
Geo-accumulation index of sediment heavy metals in the Shaying River Basin
³0LQRU´
The potential ecological risk of As, Cu, Pb, Cr
DQG=QLQDOOSRLQWV ZHUH³0LQRU´ ZKLOHWKH Ei of
Cd and Hg were middle or above in almost all
points presented. For Cd, the Ei of the majority of
the poinWVZHUH³MLGGOH´WZRSRLQWVZHUH³0LQRU´
three points ZHUH ³6WURQJ´ WKUHH points were
³6WURQJHU´DQGWZRpoints ZHUH³([WUHPHO\VWURQJ´
For Hg, the Ei of the majority of the points were
KLJKHUWKDQPLGGOHWZRSRLQWVZHUH³0LQRU´three
points ZHUH ³0LGGOH´ ten points ZHUH ³6WURQJ´
five points ZHUH ³6WURQJHU´ and five points were
³([WUHPHO\ VWURQJ´ ,Q VXPPDU\ SRWHQWLDO
ecological hazards of Cd and Hg were much strong
in Zhengzhou city and a section of Jialu River in
Zhoukou city, a section of Qingyi River in Xuchang
city, which was also consistent with the
geo-accumulation index.

probably resulted from the urbanization in this zone,
although their pollution degrees were different.
Ecological risk assessment. The Potential
Ecological Risk Index of heavy metals in the
sediment samples were shown in Fig. 4. The results
indicated that the level of the potential ecological
risk in this whole basin was "Strong". In detail, the
potential ecological hazard risk of Cd and Hg were
"Strong" and "stronger", respectively, and the other
heavy metals were "Minor".
The points at the ³VWURQJHU´ SRWHQWLDO
ecological risk level were SHH-2, YH-3, JLH-2,
JLH-3 and QYH-2 (Fig. 4); The points at the
³VWURQJ´SRWHQWLDOHFRORJLFDOULVNOHYHOZHUH-/+-4,
JLH-5 and QYH-5; The number of the points at the
³0LGGOH´ potential ecological risk level was twelve,
and they distributed in Shaying River, Suoxu River,
the downstream of Sha River and Jialu River, and
the upstream of Ying River. The other points were

FIGURE 4
RI of the sediment heavy metals in the Shaying River Basin
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FIGURE 5
Dendrogram showing the clusters of the sampling sites in the Shaying
River Basin
executed separately for group A, B and C
(delineated by HACA) to identify the significant
influencing factors and the main pollution sources.
The loading plots for every group are presented in
Table.5 and Fig.6.
Three principal components (AF1, AF2 and
AF3), whose cumulative contribution was 81.62%,
could represent most the information of seven
metals in group A. AF1 (component 1), which
explained 43.81% of total variance, had strong
positive loadings on Cu, Cr and Zn. Further, the
PCA loadings plots (Fig. 6) showed that there were
strong correlations among Cu, Cr and Zn, which
was consistent with the result of group A in table 4
(Cu and Zn had the highest correlation). The main
sources that could bring Cu-Cr-Zn pollution
altogether generally included electroplating,
metallurgy and fertilizer/pesticide in agriculture.
For group B, BF1 (component 1), which
explained 39.33% of total variance, had strong
positive loadings on As and Zn, simultaneously, As
and Zn had strong correlation from the result in
table 4 (correlation coefficient 0.75>0.50). In detail,
only one site of As among the seven sampling sites
was higher than the background, while there were
six sites for the case of Zn. The main sources that
could bring Zn pollution generally included
electroplating, mining, metallurgy and paper mill.

Statistical analyses. Hierarchical cluster
analysis. Hierarchical cluster analysis (HACA) was
executed on the sampling sites for finding their
similarities and differences (Fig. 5). The sites were
divided into group A (YH-2, JLH-1, YH-1, QYH-1,
FH-1, SXH-2, SYH-1, JLH-4, JLH-6, QYH-4,
QYH-3, HCH-1, HCH-2, JLH-5, SHH-3), group B
(SHH-2, SHH-4, QYH-5, YH-3, SXH-1, BRH-1,
SHH-1), and group C (JLH-2, JLH-3 and QYH-2).
Correlation analysis. According to the
research [41], if a good correlation was present
among the elements in the same sediment sample,
these elements might come from the same source; if
no correlation, they might be from different
sources.
Correlation analysis was performed on group
A, B and C (delineated by HACA), DQG 3HUVRQ¶V
correlation coefficients for the investigated metals
were showed in Table 4. For group A, there were
strong positive correlations among metal-metal
pairs of Cu-Cr, Cu-Zn, Cr-As, Cr-Zn. For group B,
there were strong negative correlations among
metal-metal pairs of Cu-Pb, Zn-Cr and positive
correlation for As-Zn. For group C, the metal pairs
with positive correlation were Pb-As and Hg-Cd.
Principal component analysis. PCA was
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TABLE 4
Person correlation coefficients between the heavy metals in the sediments of the Shaying River Basin
Sediment
Cd
Hg
As
Group A sites
Cd
1
Hg
0.159
1
As
-0.343
0.279
1
Cu
0.23
0.428
0.359
Pb
0.146
0.031
-0.305
Cr
0.014
0.129
0.532*
Zn
0.232
0.458
0.177
Group B sites
Cd
1
Hg
-0.128
1
As
0.72
-0.304
1
Cu
0.077
0.032
0.181
Pb
0.029
-0.171
0.184
Cr
-0.243
-0.399
-0.589
Zn
0.223
0.077
0.749
Group C sites
Cd
1
Hg
0.898
1
As
-0.242
0.209
1
Cu
-0.94
-0.994
-0.102
Pb
0.016
0.454
0.966
Cr
0.096
-0.351
-0.989
Zn
-0.53
-0.849
-0.695
* Correlation is significant at the 0.01 level
** Correlation is significant at the 0.05 level

Cu

Pb

Cr

Zn

1
0.216
0.775**
0.918**

1
0.237
0.415

1
0.614*

1

1
-.775*
0.17
0.353

1
-0.323
0.024

1
-.783*

1

1
-0.355
0.248
0.787

1
-0.994
-0.856

1
0.793

1

were 0.966 and 0.898, respectively. Hg/Cd
pollutions in three sites were serious in this group,
and they all located near city area. The main
sources that could bring Hg pollution generally
included coal combustion, metallurgy, battery and
electronics, etc.

For group C, two principal components (CF1
and CF2), whose cumulative contribution was
100%, could represent all the information of seven
metals in group C. CF1 (component 1), which
explained 63.80% of total variance, had strong
positive loadings on Pb, Hg, As and Cd. From table
4, the correlation coefficients of Pb/As and Hg/Cd

TABLE 5
Loadings of heavy metals on principal components for the group A, B and C (delineated by HACA)

Cd
Hg
As
Cu
Pb
Cr
Zn
Eigenvalues
total Variance
Cumulative

AF1
0.206
0.534
0.445
0.959
0.335
0.819
0.916
3.067
43.814
43.814

Group A (%)
AF2
0.676
-0.037
-0.819
0.016
0.628
-0.22
0.218
1.619
23.131
66.945

AF3
0.447
0.664
0.038
0.014
-0.51
-0.352
-0.018
1.027
14.673
81.618

BF1
0.619
-0.002
0.937
0.125
0.216
-0.817
0.872
2.753
39.331
39.331

2915

Group B (%)
BF2
0.067
0.099
0.048
0.957
-0.924
0.236
0.214
1.887
26.953
66.285

BF3
0.44
-0.901
0.336
0.039
0.07
0.503
-0.227
1.43
20.426
86.711

Group C (%)
CF1
CF2
0.512
0.859
0.837
0.547
0.71
-0.704
-0.773
-0.634
0.867
-0.498
-0.806
0.592
-1.000
-0.021
4.466
2.534
63.797 36.203
63.797
100
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FIGURE 6
PCA loading plots of heavy metals for group A, group B and group C

discovered in group C. Further, the main sources of
group A were pollutants that could bring Cu-Cr-Zn
pollution altogether, group B were pollutants that
could bring As-Zn pollution altogether, and Hg-Cd
pollution for group C.

CONCLUSIONS
The average concentrations of Cd, Hg, Cu, Pb
and Zn in the Shaying River Basin (Henan province)
were higher than the soil backgrounds, while the
case was opposite for As and Cr. Regarding the
whole basin, their distributions in each river were
definable.
The descending order of the pollution degrees
of various metals was Hg > Cd > Cu > Zn > Pb >
$V § &U In this basin, the overall potential
ecological risk level was "strong", the potential
ecological hazard risk of Cd and Hg were "strong"
and "stronger", while the other heavy metals were
"slight".
The sampling sites could be clustered into
group A, group B and group C. For group A and
group B, the pollutions of Cd, Hg and As were
similar, Cu, Pb and Cr were similar, while Zn
formed one dependent cluster. For group C, the
pollutions of Cd, Hg, As, Pb, Cu and Cr were
similar, while Zn formed another dependent cluster.
Meanwhile, there were strong positive correlations
among metal-metal pairs of Cu-Cr, Cu-Zn, Cr-As,
Cr-Zn in group A, strong negative correlations
among metal-metal pairs of Cu-Pb, Zn-Cr in group
B, but no significant relation in metals was
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textile industries effluents. Releasing dye wastewater
into the ecosystem will have been a perturbation in
the aquatic life. Many processes have been used to
remove dye effluent such as: photo catalytic
degradation [5], fenton process [6], oxidation by
ozone [7], adsorption [8-10], coagulation [11] and
biodegradation [12]. Oxidation processes produce
some toxic intermediates and they are expensive
because they need additional chemicals. The
biological method is cheaper than the other methods,
but it is less effective because it is sensitive to
environmental changes such as temperature and pH,
and it is time-consuming and low efficiency.
Adsorption process is a simple and reliable method
with high removal efficiency and without harmful bySURGXFWV DQG LW LVQ¶W VHQVLWLYH WR WR[LF FRPSRXQGV
So it is considered as a promising method to remove
dye from aqueous media. In adsorption process,
specific surface area is an important criterion. For
impressive removal efficiency the specific surface
area should be increase. Nano scale particles have a
large surface area[13]. Using suspension of nano
adsorbent is a common method for adsorption
process because of its good dispersion. The important
problem of using of nano particles in the slurry
reactor is its separation from treated water, which is
expensive and time consuming work[14]. This matter
limited using of adsorption process to suspension
method in industrial usage, and usually a packed bed
of adsorbent has been used in which the effective
surface area will be reduced.
Lately to solve the problem of nano particle
separation, its magnetization is widely used which is
a hot subject to improve adsorption technology. For
example in adsorption process, magnetic adsorbent
such as; magnetic natural sorbent [15] magnetic
multiwall carbon nanotube [16], magnetic zeolite
[17] magnetic metal oxide has been used by
researchers[18, 19]. Magnetic nano adsorbent will

ABSTRACT
In this research removal of Acid Blue 25
(AB25) was surveyed by adsorption process using
recyclable nano magnetic manganese ferrite
(NMMF). The adsorbent was synthesized by
coprecipitation method and characterized by SEM,
EDS, XRD, FTIR and VSM. The effect of important
parameters such as contact time, amount of the
adsorbent, pH, and temperature were investigated.At
the optimum conditions using NMMF, 91% of the
AB25 dye was removed after 60 min.The Langmuir
and Freundlich isotherm models were used to fit the
experimental data and the data were well fitted by
Langmuir equation with correlation coefficient of
0.998. The maximum adsorption capacity of NMMF
to adsorb AB25 was obtained about 156 mg g-1.Also
the kinetic study shows that the process could be
fitted by pseudo-second-order kinetic model with
correlation coefficient of 0.999.
KEYWORDS:
magnetic adsorbent, manganese ferrite, adsorption process,
adsorption isotherm, acid blue.

INTRODUCTION
The disposal of industrial effluents into
wastewater, surface and underground water
resources, widely considered as one of the serious
environmental problems. The most common
pollutants areorganic material, metals, dyes, toxic
chemicals
radioactive
pollutants
and
pharmaceuticals.[1]Treatment of the dye wastewater
is difficult, because it has intensive color,
considerable amount of organic pollutants and
variable pH [2-4]. The dye of Acid Blue 25 (AB25) is
one of the aromatic dyes and entered wastewaters by
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Electron Microscope (SEM) (Philips XL±20). The
structures and crystal phases of NMMF were
examined by X-ray diffraction (XRD) patterns
(Philips D4). The FTIR spectra of the NMMF were
obtained by a BRUKER's Vertex 70 infrared
spectrometer. Magnetic properties of NMMF were
evaluated using vibrating sample magnetometer
(VSM) (LAK SHORE model 7304).

provide a way to separate, recycle and reuse of
adsorbent. To this aim many researcher has been paid
to the survey of effective and low-cost adsorbent of
metal oxide especially iron oxide [19]. Spinel ferrites
with a high magnetic permeability and low magnetic
losses has been used as a magnetic adsorbent[20].
General spinel ferrite formula is MFe2O4 in which M
is a metal ion such as Mg2+, Mn2+, Ni2+, Cu2+.
Manganese ferrite (MnFe2O4) has active functional
groups which create chemical interactions between
adsorbent and adsorbate, and they produce a large
adsorption capacity.Zhang et al. [21]reported that
MnFe2O4 has more specific surface areas than Fe3O4,
so it can be an effective adsorbent. Also they are
reported that the MnFe2O4 has a small hysteresis loop
and low remanence which approve its paramagnetic
behavior. Paramagnetic adsorbent acquire a magnetic
property by applying an external magnetic field
which is useful for its separation, and when the
external magnetic field was taken away these
nanoparticles could be redispersed rapidly[22]. The
maximal saturation magnetization of MnFe2O4 has
been reported about 32.02 emu gí1 which indicate
that it could be easily separate by a magnet[21].
Because of these properties, magnetic manganese
ferrite has been used as an effective adsorbent to
remove heavy metal and organic pollutant from
water.[18, 23-25]
In this work sorption ability of nano magnetic
manganese ferrite (NMMF) as a reusable adsorbent
was investigated to remove AB25 from aqueous
media. Effective parameter on the adsorption process
such as; contact time, amount of the adsorbent, pH,
and temperature has been investigated. Also the
adsorption isotherm model and kinetic study were
surveyed.

FIGURE 1
Structure of Acid Blue 25 dye
Synthesis of NMMF. To synthesize
NMMF,chemical coprecipitation method was
applied[26]. Initially 0.01 mol of MnSO4.4H2Oand
0.02 mol Fe2(SO4).7H2O were dissolved in 100 ml
deoxygenated distillated water. Then under vigorous
stirring NaOH solution was regularlyadded until the
pH value reached 10, and stirred 30 min. The mixture
was aged at 90ƕC for 2 h and then was washed
bydistillated water, and separated using magnet.The
synthesized NMMF were dried at 70ƕCand when the
color of NMMF changed to white, drying
temperature was increased to 200 ƕC for 1 h.Finally
calcination of the prepared NMMF was performed at
400 ƕC for 4 h. To characterize synthesized adsorbent
SEM, EDS, XRD, FTIR, and VSM analysis were
performed.

EXPERIMENTAL
Procedure. In general effective parameters such
as contact time, amount of the adsorbent, pH, and
temperature has been investigated with one factor at a
time optimization method. The experiments were
performed by adding a known amount of NMMF in
100 ml dye solution with a certain initial
concentration. In each experiment pH of the solution
was adjusted at a desired value using NaOH and
H2SO4.The suspension was well mixed by a shaker
with 300 rpm.Sampling was done after 60 min, then
the NMMF were separated by a magnet and the
concentration of dye was measured by
spectrophotometer at maximum wavelength of
600nm. The efficiency of the process was defined as
follow:
େ ିେ
   ൌ బ  ൈ ͳͲͲ
(1)

Reagents and instruments. The AB25 dye
with Chemical formula of C20H13N2NaO5S (molar
mass of 416.382 gmol-1 and purity of 45%)was
purchased from sigma chemical company. the
structure of the dye is demonstrated in fig. 1.
Distillated water was used for preparing the dye
solutions. Adjusting of the solution pH was done by
sulfuric acid and sodium hydroxide. Manganese (II)
sulfate and Iron (III) sulfate were used as precursor of
manganese ferrite nano particle. All the chemicals
were products of Merck Company with analytical
purity.pH measurements were done by a pH meter
(PH.Z.S.PTR79). To analyze the dye concentration of
the samples an UV±Vis spectrophotometer
(PerkinElmer, Lambda Bio40, USA) was used. The
size of NMMF particles was evaluated by Scanning

େబ
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FIGURE 2
Characteristic properties of NMMFA: XRD pattern, B: FTIR spectra, C: VSM curve, D: EDS, F: Zeta
potential as a function of pH
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% Removal

whereC0 is the initial concentration of dye and Ce is
the equilibrium concentration of dye after adsorption
process.

RESULTS AND DISCUSSION
Characterization of NMMF. Characterization
of the synthesized NMMF was performed by XRD,
VSM, FTIR and SEM analysis. XRD pattern was
used to examine the structure and crystal phase of
NMMF, which is demonstrated in Fig. 2A. According
to the XRD patterns formation of spinel-type of
MnFe2O4 is confirmed by well matching with
reference code of JCPDS 73-1964, and previous
reports byresearchers[21, 27].The FTIR spectrum of
MnFe2O4 is shown in Fig. 2B.Several peaks were
observed at 3435, 1630, and 556 cmí1, which are in
agreement with previous reports about synthesis of
MnFe2O4. The typical peaks at 3435, 1630, and 556
cmí1, should be attributed to the O-H stretching
vibration, O-H bending vibrations combined with Mn
atoms,
and
Mn-O
vibration
bond
respectively[28].The magnetic characteristic of the
MnFe2O4 was surveyedby applied magnetic field in
the range of -2000 to 2000 Oe, whichis demonstrated
in Fig. 2C. As seen in the figure the NMMF has small
hysteresis loop and its remanence and coercivity are
7.32 emu gí1 and 47.8 Oe respectively, which
approve paramagnetic behavior of MnFe2O4. The
saturation magnetization of NMMF was assessed to
be 67.5 emu g-1 which is large saturation
magnetization[21], and after the process the
adsorbent is easily separated by a magnet. Also,
because of paramagnetic property of NMMF, with
removing external magnetic field, the NMMF could
be redispersed rapidly. Energy dispersive X-ray
spectroscopy was used to identify the atom species of
NMMF and its spectrum is presented in Fig. 2D. As
shown in the figure the Mn, Fe and oxygen atoms for
the NMMF are identified. SEM image of synthesized
NMMF are demonstrated in Fig. 2E. The figure
shows that the synthesized NMMF particles are in the
mean diameter of 40 nm.The isoelectric point or the
zero potential charge (ZPC) point is an important
criterion to understand the type of adsorbent surface
charge. ZPC point of the NMMF was determined at
various pH in distillated water, which is shown in
Fig. 2F.As seen in the Figure, theZPC point of
MnFe2O4is pH 7.6, which is agreement with previous
literature[27]. When the solution pH is below 7.6, the
adsorbent surface has a positive charge and when the
solution pH is above 7.6, the adsorbent surface
charge is negative.

100

ϱϬŵŐͬ>

80

ϭϬϬŵŐͬ>
ϮϬϬŵŐͬ>

60
40
20
0
-1

4

9

14

pH
FIGURE 3
Effects of initial pH of the solution on AB25
adsorption onto NMMF ([ads.]= 2 g L-1, time= 60
min, t = 60 min, stirring speed of 300 rpm and
T=25 °C)

Effect of pH. One of the effective parameters of
adsorption process is pH, because it influence on
surface charge of adsorbent and tendency of
adsorbate to react with adsorbent surface. The effect
of pH on the sorption of AB25 by NMMF was
surveyed in initial concentration of 50, 100 and 200
ppm, adsorbent dosage of 2 gL-1 and temperature of
25 °C. The results are shown in Fig. 3. The figure
shows that removal efficiency is high under acidic
pHs and gradually decreased with increasing pH,
such that from about 95% at pH 3.0 reached to about
30% at pH 12. As mentioned in the previous section
the ZPC of NMMF is approximately 7.6. At the
lower solution pH of 7.6 the surface charge of
adsorbent is positive and on the other hand because
of nonbonding electron of oxygen and nitrogen and
also negative charge of SO3¯ , the AB25 dye is rich in
electron. Because of mentioned reasons, attraction
between adsorbent and adsorbate is strong in acidic
pH, which is in agreement with literature about acid
dyes[29]. When the solution pH is above 7.6, the
adsorbent surface charge is negative, so in basic
media the sorption of AB25 on the NMMF is less due
to weak interaction and electrostatic repulsion. As
Fig.3 shows, maximum adsorption capacity was
found at pH 2, so it is selected as optimum pH of the
process.
Effect of contact time. To determine enough
contact time to reach equilibrium, the contact time of
the adsorption process of AB25was investigated in
pH=2 as optimum pH obtained from previous section,
AB25 initial concentration of 100 ppm, adsorbent
dosage of 2 g L-1 and temperature of 25 °C (Fig. 4).
As seen the figure adsorption process was rapidly
performed at the initial times due to available active
sites on adsorbent surface. In these conditions the
2922
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at room temperature. Also it is observed that after the
temperature of 25 °C the removal efficiency is
FRQVWDQW WKLV PHDQV WKDW GHVRUSWLRQ RI $% GRQ¶W
occur up to 50 °C.

removal efficiency of 97% was obtained after 60 min
contact time andthen the efficiency of the process is
almost constant. So the contact time of 60 min was
selected as an enough time for adsorption of AB25 on
the NMMF at mentioned condition.

100
% Removal

80
60
40
20
0
0

50

100

150

200

time (min)

FIGURE 4
Investigation of contact time of the AB25
adsorption onto NMMF ([AB25] = 100 ppm, [ads.]
= 2 g L-1, Stirring speed of 300 rpm and T = 25
°C)

Effect of adsorbent dosage. In order to
determine the optimum value of adsorbent, different
quantity of adsorbent in the range of 0.25 to 5gL-1
were added to the samples, the pH was adjusted to 2,
and the experiments were performed for 60 min at 25
°C. In the final of each experiment, the NMMF
particles were separated by magnet and the samples
were analyzed that the results are shown in Fig. 6.As
shown in the figure,adsorption efficiency was
increased from 33.7 to 97.6 % by increasing
adsorbent value from 0.25 to 2 gL-1.Adsorbent
amount of 2 gL-1resulted high removal efficiency and
it is adequate value in the mentioned condition, and
using adsorbent dosage more than 2 gL-1will impose
cost.Efficiency increment by risingadsorbent value is
attributed to more adsorption sites in more adsorbent
value.

% Removal

100

Effect of temperature. The effect of
temperature on the adsorption process of AB25 by
NMMF was surveyed in pH=2, AB25 initial
concentration of 100 ppm, adsorbent dosage of 2 gL-1
and temperature range of 5-50 °C that the results is
shown in Fig. 5.The figure shows that removal
efficiency was increased with increasing of
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FIGURE 6
Effect of adsorbent dose on the removal of AB25
by NMMF ([AB25] = 100 ppm, pH = 2, stirring
speed of 300 rpm and T = 25 °C)
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ϲϬ

Adsorption isotherms. Plot of adsorbate
amount which adsorbed on the adsorbent versus
equilibrium concentration of adsorbate at affixed
temperature is known as adsorption isotherm. In the
other word, adsorption isotherm represents adsorption
mechanism.In order to evaluation of mechanism and
adsorption capacity of AB25 on NMMF, adsorption
isotherms were investigated in the optimum
conditionand the data were presented in Fig.
7.Usually water treatment adsorption processesfit by
Langmuir and Freundlich equations[21, 25, 30]. To
survey adsorption behavior, the obtained data were
fitted by Langmuir and Freundlich models. In the
Langmuir model is assumed that adsorbent has
homogeneous site and adsorption process occur in
monolayer on the adsorbent. This means that after

ϰϬ
ϮϬ
Ϭ
Ϭ

ϭϬ

ϮϬ
ϯϬ
ϰϬ
Temperature (C)

ϱϬ

ϲϬ

FIGURE 5
Effect of temperature on the adsorption of the
AB25 onto NMMF ([AB25] = 100 ppm, pH = 2, t =
60 min, stirring speed of 300 rpm and [ads.]= 2 g
L-1)
temperature such that increasing the temperature
from 5 to 25°C resulted in an increase in removal
efficiency from 72 to 97%. Physical adsorption does
not require high temperatures and simply performed
2923
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establishing of first layer, no further sorption takes
place. Langmuir model is expressed as follow:


ଵ
ൌ ܥ ቀ ಽ ቁ 
(2)



ಽ

ݍ ൌ

Fig. 8 (A and B) shows fitting of experimental data
with linearequations of Langmuir and Freundlich.
Alsotheir regression data for adsorption of AB25
onto NMMF are presented in table 1.As shown the
figure and resulted data (table 1), the experimental
data is well fitted by linear form of Langmuir
equation with correlation coefficient of 0.998. The
results indicate that adsorption of AB25 on NMMF
has been performed in monolayer with maximum
adsorption capacity of about 156 mg g-1.

ಽ

ሺబ ି ሻ

(3)



where C0 is the initial concentration of AB25 (in
mgL-1),Ce is the equilibrium concentration of AB25
(in mg L-1), qeis the amount of AB25 adsorbed per
unit mass of adsorbent (in mg gí1) which is calculated
by Eq. (3), aL and KL are the Langmuir constants, V is
the volume of the solution (in litter), and m is the
amount of adsorbent (in gram). Langmuir isotherm is
investigated by plotting Ce/qe versus Ce. Maximum
adsorption capacity(qmax, in mg g-1) of an adsorbent
depends on the number of available surface sites
whichcould be calculated fromqmax = [KL/aL] [21].
The qmax, aLand KL could be calculated from the slope
and intercept of linear plot of Ce/qe versus Ce (Eq. 2).
Freundlich isotherm considers multilayer
adsorption, and assumes heterogeneous adsorption
surface sites with differentenergies[31]. The
Freundlich linear model is expressed as follow:
ଵ
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FIGURE 7
Adsorption isotherm of AB25 onto NMMF
([AB25] = 100 ppm, pH = 2, t = 60 min, stirring
speed of 300 rpm, [ads.]= 2 g L-1 and T = 25°C)

Kf is roughly an indicator of the adsorption capacity
and n is an experimental parameter whichcould be
calculated from the slope and intercept of linear plot
of lnqeversus. lnCe (Eq. 4).
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FIGURE 8
Fitting plots of adsorption isotherm of AB25 on NMMF: A. Langmuir isotherm, B. Freundlich isotherm
TABLE 1
/DQJPXLUDQG)UHXQGOLFKSDUDPHWHUVDQGWKHLUUHJUHVVLRQFRHI¿FLHQW
Langmuir

R2

aL

kL

qmax

0.998

0.171

26.667

156.25

2

Freundlich

R

1/n

Kf

0.951

0.367

28.755
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of experimental data by pseudo-second-order kinetic
model was plotted in Fig. 10, and its kinetic constants
are listed in Table 2. As seen the figure 10,the
experimental dada was well fitted with correlation
coefficient of 0.999.
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TABLE 2
Pseudo-second -order kinetic parameters and
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FIGURE 7
Adsorption kinetic of AB25 on NMMF (pH = 2,
stirring speed of 300 rpm, [ads.]= 5 g L-1 and T =
25°C)
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0.999
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The present study showed that removal of AB25
by recyclable NMMF has been performed with
identical efficiency of 91% in the optimum condition
after 60 min. Characterization of adsorbenthas been
proven that the NMMF was synthesized with mean
diameter of 40 nm, and remanence and coercivity of
7.32 emu gí1 and 47.8 Oe respectively. The process
time of 60 min, pH of 2, and temperature of 25 °C
have been obtained as optimum condition of the
process. Also the experimental data have been fitted
by Langmuir equation with correlation coefficient of
0.998, and maximum adsorption capacity of
adsorbent about 156 milligram per gram. Kinetic
study has been proven pseudo-second-order kinetic
for the process.
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CONCLUSION

Adsorption kinetics. Investigation of the
adsorption kinetic of AB25 on NMMF was
performed in tow initial concentration of AB25 (50100 mg L-1) that the results were plotted in Fig. 9.As
seen the figure adsorption of AB25 on the NMMF, is
very fast at the first 15 minbecause of high
concentration gradient of AB25 between the NMMF
surface and solution,and adsorption process is
completed after 60 min. In order to survey of process
kinetic pseudo-first-order and pseudo-second-order
kinetic models were used for fitting of experimental
data. The results show that the data were well fitted
by pseudo-second-order kinetic model as follow:
௧
ଵ
ଵ
ൌ మ ݐ
(5)
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FIGURE 8
Pseudo-second-order adsorption kinetic of AB25
on NMMF (pH = 2, stirring speed of 300 rpm,
[ads.]= 5 g L-1 and T = 25°C)
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Chlortetracycline,
oxytetracycline
and
tetracycline, which are a kind of tetracycline
antibiotics, are broad spectrum antibiotics and act
as protein synthesis inhibitor on bacteria.
Tetracycline antibiotics have been widely used
against to both Gram (+) and Gram (-)
microorganisms.
In recent years, broad-spectrum antibiotics
have been used against to gram-positive and gramnegative pathogens, but the microbial resistance
against to antibiotics occurs after the first use of
these agents for the treatment of infectious diseases.
In natural systems, presence of antibiotics leads to
the development of multi-resistant strains of
bacteria [1, 4-5]. Antibiotics are low biodegradable
substances due to their biocidal activity and they
cannot be completely eliminated in conventional
wastewater treatment plant. For this reason,
removal of antibiotics from wastewater is very
important environmental problem [5-9].
A number of physicochemical methods have
been used to remove toxic substances from
wastewaters such as chemical precipitation,
photocatalytic or oxidative degradation [10-13].
Among these techniques advanced oxidation
processes (AOPs) are the most efficient methods.
AOPs have already been successfully applied for
the treatment of industrial effluents containing toxic
or recalcitrant (difficult to biodegradation) organic
pollutants. Ozone is well known oxidation agent in
the AOPs and has been applied to many fields in
water and wastewater treatment [14-15].
Many studies have been conducted on the
removal of antibiotics using AOPs process, but in
previous studies, any observation has not been
stated about antibacterial activity of tetracycline
and degradation products after AOPs. In this
ozonolytic degradation of tetracycline and removal
of antimicrobial activity of degradation products
were evaluated. Effect of initial pH and initial
antibiotic concentrations were determined on
ozonolytic degradation of tetracycline.

ABSTRACT
In this study, ozonolytic degradation of
protein synthesis inhibitor antibiotic tetracycline
was evaluated. Effect of pH on ozonolytic
degradation was studied at pH 3, 7, and 11, and the
most efficient pH was determined to be 3. The
results showed that more than 50% of the
tetracycline was degraded within 10 min and it was
completely removed after 40 min in all initial
antibiotic concentrations. The degradation kinetic
was well described by a pseudo first-order kinetic
model. The first-order rate constant decreases with
increasing of the initial antibiotic concentrations.
The kinetic rate constants were determined between
0.128 and 0.091 min-1. The total organic carbon
(TOC) removal was monitored during ozonolytic
antibiotic degradation (120 min). The percentage
TOC removal after 120 min ozone treatment of
tetracycline was determined to be 33, 28 and 28%
at pH 3, 7 and 11, respectively. Disc diffusion
technique was performed for antibacterial
susceptibility testing. Inhibition zone diameter was
decreased with ozone treatment. Inhibition zone
was not determined for Escherichia coli K-12
(ATCC) after 10 min and for Bacillus subtilis
(NRRL B-354) after 15 min ozone treatment at pH
3, 7 and 11. The inhibition zone of tetracycline on
the Staphylococcus epidermidis (NRRL B-4268)
was removed after 15 min ozone treatment at pH 7
and 11, however, after 20 min ozone treatment it
was removed at pH 3.
KEYWORDS:
Antibiotic, Tetracycline-HCl, Ozonation, Antimicrobial
activity; Kinetic model.

INTRODUCTION
Several hundred different antibiotics have
been used as human and veterinary medicine to
treat or prevent microbial infections [1]. The
annually 100.000±200.000 tons antibiotic has been
used worldwide, for this reason antibiotics their
metabolized products have been detected in various
environment such as groundwater, surface water
and sediment samples in the range of nano gram to
microgram concentrations [2-3].

MATERIALS AND METHODS
Ozonation
experiments.
Commercially
available tetracycline-HCl antibiotic was obtained
from a local pharmacy, Adana-Turkey. Ozone gas
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shown that the degradation of tetracycline at pH 3
was very fast and more than 50% tetracycline was
removed at first 5 min ozone treatment and 98% of
tetracycline was removed at 20 min. Ozone and
hydroxyl radicals have effect on degradation of
tetracycline at the neutral and alkali conditions.

was produced from pure oxygen (99.9%) by an
Ozo-1VTT model ozone generator (Ozomax,
Canada). Ozonation experiments were performed
1200 ml closed cylindrical glass reactor containing
800 mL tetracycline solution. Ozone gas was
diffused into the tetracycline solution at the bottom
of the reactor.
The effect of initial pH on ozonolytic
degradation was determined at pH 3, 7 and 11,
using an antibiotic concentration of 400 mgL-1. The
effect of initial concentrations of tetracycline on
ozonolytic degradation was determined at 100, 200,
400, 600, 800 and 1000 mgL-1 at pH 3.0. The pH
was adjusted by adding 0.1 N HCl or 0.1 N NaOH
and all experiments were performed at ambient
temperature, 20°C±0.5.
Tetracycline concentrations were determined
with HPLC analysis (Thermo spectra system
p1000, UV 2000, AS 3000). Hypersil C18 column
was used (250 mm long, 4.6 mm i.d. and 5μm
particle size) and isocratic elution was carried out
and acetonitrile/ water/ methanol (20/60/20) at a
flow rate of 1 ml min-1 (at 356 nm). The TOC
removal was determined using the Hach Lange total
organic carbon test kit (DR 2800). All
measurements were made at least in duplicate or
triplicate.

400
350

-1

Ct(mgL )

300

pH 3
pH 7
pH 11

250
200
150
100
50
0
0

10

20

30

40

time (min)

FIGURE 1
Effect of pH on ozonolytic tetracycline
degradation
However, acidic conditions of ozone do not
decompose to hydroxyl radicals and thus direct
ozonolytic effects are shown in acidic pH
conditions. The removal percentages of tetracycline
after 40 min. were 98.7, 98.3 and 97.6% at pH 3, 7
and 11, respectively. Depending on pH, ozone
reacts with organic compounds in two different
ways. One of reaction way is direct attack at acidic
pH and another way is free radical attack at basic
pH [18]. Ozone directly attacks the conjugated
double bonds in the dye [19]. Electrophilic attack
by molecular ozone is very selective against
nucleophilic carbons, multiply bonded components
such as carbon±carbon and nitrogen±nitrogen. At
higher pH, during the ozonolytic reaction, the
ozone can also react with hydroxyl radicals and
ozone decomposes to the hydroxyl radical.
Hydroxyl radical is a very powerful (E0 = 2.80 V)
and nonselective oxidant. Moreover, radical
oxidation is more efficient and faster than the direct
oxidation. The direct oxidation efficiency by ozone
depends on the pollutants and the solution of pH
[20]. This was also seen in our experiments, where
ozone efficiency was observed in the order of pH 3
> pH 7 > pH 11.
The initial pH values were decreased with
increasing reaction time from 3 to 2.2, 7 to 3.4 and
11 to 6.3 within 40 min due to formation of organic
acids [21-22].

Bacterial
strains
and
antibacterial
susceptibility testing. In this study, disc diffusion
technique was used for antibacterial susceptibility
testing [17]. Bacillus subtilis (NRRL B-354),
Escherichia coli K-12 (ATCC), Staphylococcus
epidermidis (NRRL B-4268) were selected as
standard organisms. Bacterial strains were cultured
on Lauria-Bertani (LB) agar plates and incubated
for 24 h at 37 °C. After incubation, bacterial
concentration was adjusted to McFarland standard
no 0.5 and inoculated on the Muller±Hinton agar
plates. After swabbing the bacteria, antibiotic free
paper test disks (Oxoid) were put on to agar plates.
10 μL antibiotic and/or oxidation products
inoculated paper disk and all plates were incubated
for 24 h at 37 °C. The pH of the samples was
adjusted to 7 by the addition of H2SO4 or NaOH
before disk diffusion test. The antimicrobial activity
was evaluated by measuring the zone diameter
(mm). All tests were made at least in duplicate or
triplicate.

RESULTS AND DISCUSSION
The Effect of pH on degradation of
Tetracycline. The effect of initial pH on ozonolytic
degradation tetracycline was given in Fig.1. It was
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FIGURE 2
The UV-Vis spectra of tetracycline at pH 3 during ozon degradation (t is time; min)
Degradation of tetracycline kinetic was
analyzed by using pseudo first order kinetic
equation. Pseudo First order rate constants were
calculated with the slope of the plot of
 Ln (C t / C 0 ) versus time t.

The UV-Vis spectra were given in Fig 2 at pH
3 and 400 mgL-1 initial tetracycline concentrations.
The UV spectrum of tetracycline in Fig 2 shows
that tetracycline has two characteristic peaks at 275
and 360 nm. During the ozonolytic degradation
experiments, this two characteristic peak decreased
with increased ozone contacting time of
tetracycline.
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FIGURE 3
Degradation of various initial concentrations of
tetracycline at pH 3 (t is time min).

FIGURE 4
Linear fit of pseudo first order kinetic at pH 3

Kinetic. Effect of initial tetracycline
concentrations on ozonolytic degradation was
shown in Fig 3. Degradation time of tetracycline
was decreased with increasing of initial tetracycline
concentrations. At the beginning of the ozonation
process, the degradation of the tetracycline solution
rapidly was decreased moreover more than 50% of
the tetracycline was degrade within 5 min at the
diluted tetracycline concentrations. The tetracycline
was not detected by HPLC analysis after 40 min
ozone treatment.

Plots of linear form of the pseudo first order kinetic
model were given in Fig. 4. The degradation
kinetics of tetracycline can be described with
pseudo first-order reaction model under the
experimental conditions [23]. Pseudo first order
rate constants of tetracycline at pH 3 were given in
Table 1.
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test method. Bacillus subtilis (NRRL B-354),
Escherichia coli K-12 (ATCC), Staphylococcus

TABLE 1
Pseudo first order kinetic constant at pH 3
Tetracycline
(mgL-1)

K
(min-1)

r

100

0,1289

0,989

100

200

0,1308

0,996

95

400

0,128

0,994

600

0,1101

0,991

800

0,1041

0,995

1000

0,091

0,994

TOC removal (%)

105

The first-order rate constant decreases with
increasing of the initial antibiotic concentrations.
The higher initial tetracycline concentrations of
ozone react with much many molecules at lower
concentration. Hence, much more ozone requires at
higher substrate concentrations. The first-order
regression coefficient of straight line was
determined above 0.991. Finally, it can be deduced
that pseudo-first-order model fit with degradation
kinetic at the given test condition.

90
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pH 11
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FIGURE 5
Total organic carbon removal various pH

TOC removal. It is well known that ozone
readily react with double bonds and aromatic rings
compounds presenting in their structures [24]. It
can be seen that the possible reaction centers are
more susceptible to ozone electrophilic attack. The
TOCt/ TOC0 ratio is helpful to assess the
mineralization of target substances. TOC removal
was carried out with 1gL-1 initial concentration of
tetracycline, at pH 3, 7 and 11. The TOC removal
of the tetracycline solution was monitored at regular
intervals of time (0-120 min) and results was given
in Fig. 5. According to Fig. 5, TOC was decreased
much more slowly due to fact that many
intermediates organic compounds such as
aldehydes, phenols, etc. occured after ozonoliytic
reaction of tetracycline. 15 ozonolytic degradation
products of tetracycline were determined by using
Liquid chromatography±triple quadrupole mass
spectrometry at pH 2.2 [21]. The mineralization of
these intermediates organic compounds are very
slowly, for this reason TOC removal cannot be
completely determined under the experimental
conditions.
The TOC removal was determined at 120 min
ozone treatment to be 33, 28 and 28% at pH 3, 7
and 11, respectively. Similar results were given by
Khan et al., [21] as 15% TOC removal after 30 min
ozone treatment of tetracycline antibiotic at pH 2.2

epidermidis (NRRL B-4268) were used as test
organisms. The 1000mgL-1 tetracycline was
ozonated 3, 5, 10, 15, 20 and 40 min at pH 3, 7 and
11 to determine antibiotic inhibition zone. The disk
diffusion tests results were given in Fig. 6 and
Table 2. The amount of swelling from the edge of
each disk and the inhibition zone diameter in the
agar plate were given in millimeter (mm). The test
was repeated at least three times, for each sample.
The inhibition zone results of tetracycline at three
different pH conditions were given in Fig. 3.
Decreasing of inhibition zone of parent compound
on petri plaque clearly is shown. The inhibition
zone diameter was decreased with ozone treatment.
Inhibition zone was not determined for Escherichia
coli K-12 (ATCC) after 10 min ozone treatment at
pH 3, 7 and 11. Similar results were obtained for
Bacillus subtilis (NRRL B-354), after 15 min ozone
treatment parent compounds of inhibition zone
were disappeared all pH conditions. Testing of
tetracycline and by products for Staphylococcus
epidermidis (NRRL B-4268) at pH 7 and 11
inhibition zones were disappeared at 15 min ozone
treatment, however, the inhibition zone was
removed after 20 min ozone treatment at pH 3.
Antibiotics cannot be removed by conventional
wastewater
treatment
processes.
Advanced
oxidation processes (AOPs) are efficient
environmental friendly methods for removal of
antibiotics from wastewater [25]. Tetracycline acts
as antibiotics inhibition of protein synthesis. In this
study, during the ozonation processes of
tetracycline were degraded and changed structure of
the main molecules.

Antibacterial activity. To obtain detailed
information on microbial test of ozonolytic
degradation of tetracycline and degradation by
products were determined by using disk diffusion
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TABLE 2
Zone inhibition test results at pH 3,7 and 11
Time
(min)

Sample
no

0
3
5
10
15
20
40

1
2
3
4
5
6
7

0
3
5
10
15
20
40

1
2
3
4
5
6
7

0
3
5
10
15
20
40

1
2
3
4
5
6
7

B.subtilis
E. coli
S. epidermidis
(NRRL B-354)
(ATCC),
(NRRL B-4268)
Inhibition zone (mm) at pH 3
21
16
20
19
15
17
18
12
16
17
10
14
14
-11
--8
---Inhibition zone (mm) at pH 7
22
17
20
21
16
18
18
14
17
16
11
14
14
-11
------Inhibition zone (mm) at pH 11
21
17
20
20
14
18
18
12
16
16
10
15
13
-13
-------

FIGURE 6
Antibacterial susceptibility of tetracycline and oxidation by products
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effects of veterinary antibiotics (VAs) in the
Environment. Chemosphere, 65, 725±759.
[8] Batt, A.L., Kim, S., Aga, D.S., (2007).
Comparison of the occurrence of antibiotics in
four full-scale wastewater treatment plants with
varying designs and pperations. Chemosphere,
68, 428±435.
[9] Gomez, M.J., Martínez Bueno, M.J., Lacorte,
S., Fernández-Alba, A.R., Aguera, A., (2007).
Pilot survey monitoring pharmaceuticals and
related compounds in a sewage treatment plant
located on the Mediterranean Coast.
Chemosphere. 66, 993±1002.
[10] Aksu, Z., Tunc, O., (2005). Application of
biosorption for penicillin G removal:
comparison with activated carbon. Process
Biochemistry, 40, 831±847.
[11] Werner, J.J., Arnold, W.A., McNeill, K.,
(2006). Water hardness as a photochemical
parameter: Tetracycline photolysis as a
function of calcium concentration, magnesium
concentration and pH. Environmental Science
Technology, 40, 7236±7241.
[12] Arslan, A.I., Caglayan, A.E., (2006). Toxicity
and biodegradability assessment of raw and
ozonated procaine penicillin G formulation
effluent.
Ecotoxicology
Environmental
Safetely, 63, 131±140.
[13] Lu, C., Guan, W., Gou,H., Peng, Y., Yao,
Y., (2015). Preparation, characterization, and
photocatalytic performance of co-tints for
tetracycline degradation in visible-light-driven.
Fresenius Environmental Bulletin, 24, 833-838.
[14] Lu, C., Guan, W., Gou,H., Peng, Y., Yang, L.,
Tuan, K. A., Wang, H.X.D. (2015).
Preparation, characterization of Fe ion
exchange modified Titanate nanotubes and
photocatalytic activity for oxytetracycline.
Fresenius Environmental Bulletin, 24, 23482353.
[15] Kusvuran, E., Gulnaz, O., Irmak, S., Atanur,
O.M., Yavuz, H.I., Erbatur, O., (2004).
Comparison of several advanced oxidation
processes for the decolorization of reactive red
120 azo dye in aqueous solution. Journal of
Hazardous Materials, 109, 85-93.
[16] Gulnaz O., Kusvuran, E., Matyar F., Cakici,
H., (2012). Decolorization of the textile dyes
reactive blue 220, acid red 414 and basic
yellow 28 by ozone and biodegradation of
oxidation products. Fresenius Environmental
Bulletin, 21, 808-813.
[17] Bauer, A.W., Kirby, W.M.M., Sherris, J.C.,
Turck, M., (1966). Antibiotic susceptibility
testing by a standardized single disk method.
American Journal of Clinical Pathology, 45,
493-6.
[18] Peng, R.Y., Fan, H.J., (2005). Ozonalytic
kinetic order of dye decoloration in aqueous
solution. Dyes and Pigments, 67, 153-159.

Therefore, degraded molecules cannot be inhibited
protein synthesis since it cannot be bound of
ribosome sub units.

CONCLUSIONS
In summary, ozone has been a method
successfully used for removal of tetracycline from
aqueous solution. During the ozonation processes
more than 50% of the tetracycline was degraded
within 10 min and it was completely removed after
40 min. The degradation kinetic was well described
by a pseudo first-order kinetic model. The firstorder rate constant was decreased with increasing of
the initial tetracycline concentrations. The kinetic
rate constants were determined between 0.128 and
0.091 min-1. The TOC removal is helpful to assess
the mineralization of tetracycline and percentage
TOC removal was determined through 120 min
ozone treatment to be 33, 28 and 28% at pH 3, 7
and 11, respectively.
Ozonolytic degradation experiments shows that
ozonolytic degradation is an effective method for
removal of antibacterial activity of tetracycline for
test organisms E. coli K-12 and B. subtilis (NRRL
B-354) and S. epidermidis (NRRL B-4268).
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ABSTRACT

INTRODUCTION

Iran is considered an arid country with rainfall
less than a third of the average rainfall in the world.
In these areas, one of the strategies to cope with
water shortages and drought is to use optimal
operation models. Several studies have been
conducted in this area and a variety of models have
been suggested in order to optimization and
simulation of operation of the reservoirs. The latest
method used in this field, based on Pareto Front is
multi-objective genetic algorithm NSGA-II. In this
paper, NSGA-II multi-objective genetic algorithm
was used to solve the proposed multi-objective
optimization model for two-reservoir system of
Ostoor and Pirtaghi dams in Ghezel Ozan catchment.
The aims of the study are to maximize revenue from
the sale of energy produced by power plants and also
flood control storage volume of the reservoir under
study in wet months in order to control probable
flood. The system consists of two consecutive
reservoirs on Ghezel Ozan River which in this model,
based on a certain amount of water released from the
plant during the project (decision variables), the most
appropriate model will be obtained for reservoir
operation of dams, storage volume of the reservoir
for flood control, The optimal allocation to power
plants and finally revenue from the sale of energy
produced. The final results of the problem have
provided several optimal ways which are not superior
to each other (set of Pareto optimal solutions). The
decision maker is able to find the best answer by
considering the situations of the present problem and
by applying different methods of deciding.

Optimal finding is very important and essential
particularly in complex problems. Basically, the
process of the optimal finding is finding the total
values of vector of design variables that lead to an
optimal value for the objective function. There are
many mathematical methods which use the gradients
for solving the optimal point. Although there are
fundamental flaws in the gradient-based methods that
one of them is the need in some methods for an initial
guess which leads to be trapped in local optimal
points. This problem led to the development of
evolutionary algorithms.
Genetic Algorithm is an efficient method to
solve the multi-objective problems. Ability of genetic
algorithms for simultaneously search on different
regions of solution space makes it possible to find
different answers for problems with non-convex,
discontinuous and multi-model decision space. The
first multi-objective algorithm, called the Vector
Evaluated Genetic Algorithm (VEGA) proposed by
Schaffer in 1985 [1]. Since then, researchers have
started to investigate in this field and different
methods have been made with different capabilities
in this area. The following methods can be mentioned
as examples [2]: Multi Objective Genetic Algorithm
(MOGA) [3, 4], Niched Pareto Genetic Algorithm
(NPGA) [4], Random Weighted Genetic Algorithm
(RWGA) [5], Non Dominated Sorting Genetic
Algorithm (NSGA) [6],
Strength Pareto
Evolutionary Algorithm (SPEA) [7], Pareto-Archived
Evolution Strategy (PAES) [8] , SPEA2 [9], Fast
Non-Dominated Sorting Genetic Algorithm (NSGAII) [10] , Rank-Density Based Genetic Algorithm
(RDGA) [11] and Multi-objective evolutionary
algorithm (MEA) [12].
Regarding to comparison of multi-objective
evolutionary algorithms, research done by Zitzler &
Deb (2000) can be mentioned that they have carried
out a comparison between different methods like
Random Search Algorithm (RAND), Fonseca and

KEYWORDS:
NSGA-II, Multi-objective optimization, Pareto solutions,
Flood Control, Hydropower.
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)HOHPLQJ¶V 0XOWL-Objective EA (FFGA), NPGA,
+DMHOD DQG /LQ¶V :HLJKWHG-Sum Based Approach
(HLGA),
VEGA,
NSGA,
Single-Objective
Evolutionary Algorithm using weighted-sum
aggregation (SOEA) , and SPEA. Results showed
that Evolutionary Algorithms (EA) perform much
better than random search methods (RAND) and
among the evolutionary algorithms, SODA, SPEA,
NSGA methods will provide more appropriate
answers due to Pareto optimal solutions space [13].
Reddy & Kumar [14] used Multi-Objective
Differential Evolution (MODE) approach and
NSGA-II method to optimize the single reservoir
system. The results showed that NSGA-II method
leads to Pareto optimal space with an appropriate
convergence and it has the ability that to be used in
the optimization of water resources systems. Field
[15] studied multi-objective optimization operation
of Folsom reservoir in America. Targets in a singlereservoir system are: to minimize the cost of
delivering water and to maximize the production of
hydroelectric energy. An evolutionary model of
genetic algorithm NSGA-II and a one-dimensional
hydrodynamic thermal model were used to optimize
the aims.
In recent years, good research has been done
for optimizing the operation of reservoirs by the
NSGA-II algorithm. Some objectives of the
mentioned researches are: water supply and flood
control [16], operating rule curves for cascade
hydropower reservoirs [17], balances ecological
protection and human needs [18], management of
conjunctive use of surface and groundwater [19], and
so on.
Reviewing the former studies shows that the
application of NSGA-II is limited on the two
reservoir systems. Therefore, the aim of this study is
to optimize the multi-objective and multi-reservoir
water resources in Ghezel Ozan basin. The objectives
are to maximize the benefits from hydropower
production and to optimize the storage of reservoir
for flood control in the wet months of the year.
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3. Considering an appropriate order with nondominated level for each non-dominated solution
(1for the best level, 2 for the next best level after
1and etc).
4. Offspring reproduction   in numbers by
using the selection, crossover and mutation operators.
5. Considering the first reproduction, which is
consisted of parent and offspring chromosomes, the
next reproduction is as follow:
a. Composition of parent ୲ and offspring  ୲
chromosomes, and reproduction  ୲ in ʹ numbers.
b. Classifying  ୲ generation based on nondominated method of sorting and identification of
non-dominated mantles ( ଵ ǡ ଶǡǥǡ ୲ ሻ.
c. Parent reproduction for the next iteration
୲ାଵ , using produced non-dominated fronts in 
numbers. In this stage, due to the number of required
chromosomes for the parent generation . At the
beginning the first front chromosomes for the parent
generation is chosen, and if this number of
chromosomes are not enough for the total number of
required chromosomes for the parent generation, then
WKH\DUHKDUYHVWHGVWHSE\VWHSIURPDQG«IURQWV
until it reaches the total number of .
d. Applying crossover operators, mutation on
the regenerated parent generation ୲ାଵ and
regenerating the offspring generation in  numbers.
e. Repeating step 5 to achieve the total number
of iterations.
Continuity constraints of the reservoir are the
most important constraints dominating the problem.
In other words the procedure of this algorithm is
shown in the flowchart below (Figure 1):
Case study. Ghezel Ozan basin has been
Between East longitude 46° -ƍ WR  -ƍ DQG
Northern Latitude 35° to 37° -ƍ %UDQFKHV RI WKH
river's watershed come from near city Qorveh in
Kurdistan province at 2000 m height and move to the
North. The area under study in this research is the
distance between Ostoor dam to Pirtaghi dam. Figure
2 has provided the location of branches of Ghezel
Ozan catchment and the dams under study in this
catchment [20]. Meteorological data (water surface
evaporation, precipitation) and hydrology (surface
water potential) are collected from previous studies
[21]. The specifications of Ostoor dam and Pirtaghi
dam is given in Table (1). Also schematic of the
optimization problem is shown in Figure 3.

MATERIALS AND METHODS
NSGA-II. The NSGA-II algorithm consists of
following steps:
1. Randomly produced parent generation  in
 numbers.
2. Classifying the first generation of the
parents based on non-dominated solutions.
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Classifying based on non-dominated
solutions
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Classifying based on distance

F1
F2
ܲ௧

ܲ௧ାଵ

F3

Pt+1

ܳ௧
Dominated chromosomes

FIGURE 1
Genetic algorithm with non-recessive sorting of solutions
TABLE 1
Specifications of reservoirs and power plants
The specification of reservoirs with abbreviation form

Diameter of penstock (D)
The net height difference (DH)

Ostoor
dam
91.8 MCM
94.4 MCM
2495
MCM
3000
MCM
44.85
MCM
1.38m
12m

The minimum amount of water released from the reservoir (R min)

0 m3 /sec

Dead Storage (Sdead )
Minimum Operation Level (Sop )
Live Storage (Sn )
The maximum storage (Smax )
minimum required water in downstream of reservoir (MDT)

98 MCM
100 MCM
827 MCM
930 MCM
66.96 MCM
1.40m
6m
0 m3 /sec

The maximum amount of water released from the reservoir (R max)

40 m /sec

50 m3 /sec

Plant factor (PF)

0.25

0.25

7XUELQHHIILFLHQF\ Ș

0.60

0.60
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FIGURE 2
Location of branches Ghezel Ozan catchment and the dams under study [22]
Sangorchai River
GhezelOzan River

Pirtaghi dam (2)

Ostoor Dam (1)

FIGURE 3
Schematic of the two reservoir system [23]
will finish in September. In this research number 1
represents Ostoor dam reservoir and number 2
indicates Pirtaghi dam reservoir. The average
monthly values of the input discharge, rainfall and
evaporation of reservoirs are shown in Tables 2 to 4
respectively.

According to Figure 3, system consists of two
consecutive reservoirs which in downstream of each
dam, there is a hydroelectric powerhouse which get
its require water from its upstream reservoirs. The
above model has been performed for a period of
twelve months which has started from October and

TABLE 2
The average mounthly input discharge to reservoirs

I1
I2

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

17.90
11.10

38.40
24.25

43.10
26.15

42.10
25.65

48.00
29.65

92.80
56.20

225.90
143.05

232.70
146.95

76.60
49.20

13.20
8.50

2.70
2.20

4.10
2.85
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TABLE 3
The average evaporation amount from the reservoirs
Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

E1

134.9

68.3

64

63.8

48

75

91.5

139.5

200.5

252.5

256

228.8

E2

136

84.3

48.6

34.7

42.7

59.5

90.5

125.9

166.2

210.7

220

207

TABLE 4
The average precipitation amount on the reservoirs
Oct
P1
P2

Nov

17.7
18

Dec

31.5
32

Jan

21.5
21.9

36
36.6

Feb

Mar

34.7
35.3

36.3
37

IMPLEMENTATION

ሺͳሻÆ ሺͳሻ ൌ  ݁ݖ݅݉ݔܽܯσୀଵ σ்௧ୀଵ ݓ௧ ܧܲ כ௧

ሺʹሻÆ ሺʹሻ ൌ  ݁ݖ݅݉ݔܽܯσୀଵ σ்௧ୀଵ ܿ ௧  כሺܵ െ ܵ௧ ሻ

Aug

7.4
7.5

Sep

4.2
4.3

4.8
4.9

Rit

H it is pure water head

Coefficient of powerhouse reservoir i, d i is number

Rit ,the amount of

(1)

of days in each month of the year,

(2)

water released into powerhouse for producing energy
f, is the only unknown variable of the problem in
above equations and other variables can be measured
(calculated).
Constraints of the Model. Water Balance in
Reservoirs: Water balance in the reservoirs under
study is defined based on the continuity equation as
follows:

S in is reservoir

volume at normal level in the reservoir i per cubic

ܵଵ௧ାଵ =ܵଵ௧ +ܫଵ௧ +ܲଵ௧ -ܧଵ௧ -ܴଵ௧ -݈݈ܵ݅ଵ௧

(4)

ܵଶ௧ାଵ =ܵଶ௧ +ܫଶ௧ + ܫଷ௧ +ܲଶ௧ -ܧଶ௧ -ܴଶ௧ -݈݈ܵ݅ଶ௧

(5)

Number 1 represents Ostoor dam reservoir and
number 2 indicates Pirtaghi dam reservoir and the

S it is Volume of reservoir i at the

number 3 represents Sangurchai River.

t

beginning of month t per cubic meter and PE is
generated Energy at reservoir i and month t by Watt
which is obtained from the following equation:
(3)
ܲܧ௧ ൌ ߟ௧ ܴ כ ߛ כ௧ ܪ כ௧ ܨܲ כ ݀ כ

S it and S it 1

are the volume of water stored in the reservoir (m) at
the beginning and end of period t in reservoirs 1 and
2, respectively,ܫଵ௧ and ܫଶ௧ are river discharge input to
reservoir 1 and 2 respectively in month t, ܲଵ௧ ,ܲଶ௧ are
the rate of rainfall in the reservoir 1 and 2
respectively in month t,ܧଵ௧ and ܧଶ௧ are the rate of
evaporation from the reservoir area 1 and 2 in month
t, ܴଵ௧ and ܴଶ௧ are the rate of output of the plant's water
reservoir 1 and 2 in month t.݈݈ܵ݅ଵ௧ and ݈݈ܵ݅ଶ௧ are the

ʹ כͶ

K

Jul

above turbine by meter which is equal to impure
water load minus the head loss, PFi is performance

t

Where

26
26.5

on cubic meters per second,

produced in month t by Rails on megawatt hours, c
Flood constant factor which is equal to 1 in the flood

t
i

57.5
58.5

Jun

is the amount of water released into powerhouse for
producing energy from reservoir i in month t based

Where f (1): The first objective function (to
maximize revenue from electricity generation) and f
(2): To maximum volume control probable floods. n
is the number of the reservoirs under study (Equal to
2), T is Time duration for Operating Model (12
months), pwp t : Selling price of a unit of energy

meter and

43.7
44.5

May

weight of water which is equal to 9806 (N/m3),

Objective functions. The proposed model has
two objective functions in this paper that are in
conflict with each other. With respect to the NSGA-II
multi-objective optimization algorithm is to find the
objective function minimum, therefore, the proposed
objective function of the optimization model in this
plan will be as follows:

months and is 0 in other months.

Apr

is turbine efficiency in power plant

of reservoir i in month t that it is a function of the
ratio of head to maximum head , J is specific
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rate of overflow water from the reservoir 1 and 2
respectively in month t. ܫଷ௧ is Sangurchay River input
to reservoir 2 in month t.
The volume of evaporated water from each
reservoir and the volume of water causing by rainfall
on reservoirs are related water reservoir area.
Reservoir water storage estricted to the maximum
volume of reservoir per period S max and dead storage

Where MDTi is the minimum required water
in downstream of reservoir i in terms of cubic meters,
respectively.
Penalty functions. Three penalty functions are
considered for this problem. These functions are
related to physical facts that:
x The water volume of reservoir should not be
less than dead storage volume ( S dead ).

S dead [24].

x

Sdead 6t 6max
(6)
Water release constraints: The amount of water
input into powerhouse will increase between
powerhouse operation levels to reservoir normal level
with changes of the head.
Rmin 55max
(7)

be less than minimum release ( Rmin ).
x The amount of released water should not be
less than minimum required flow. This is to protect
environmental issues in tail water.
If these constraints are not restored, a penalty
function is applied for both reservoirs as follows:

Where Rmin and Rmax are the minimum and the
maximum amount of water released from the
reservoir 1 and 2 to the powerhouse in terms of cubic
meters per second respectively. Rmin is equal to 0 in
this problem. But in order to calculate

The amount of water release ( Rt ) should not

Rmax

Ps = σ்௧ୀଵሺͳ  ݇ሾܵ௧ െ ܵௗௗ ሿଶ)

(10)

PR = σ்௧ୀଵሺͳ  ݇ሾܴ௧ െ ܴ ሿଶ)

(11)

PMDT

discharge relationship is used

=

σ்௧ୀଵሺͳ  ݇ሾܴ௧  (12)

ܵݕܽݓ݈݈݅௧ െ ܶܦܯሿଶ )

(8)

R = Cd A ඥʹ݃ܪ
Where C d is flow Coefficient which is equal to
0.6 [25], A is cross section area of penstock and H

Optimization begins with an initial population
of 20 persons. First, initial population is simulated
and their fitness function is determined (parent
population), then, parents are put two by two in 15
mating pool. Selecting two by two (as a race choice)
or the amount of mating pool which are often half of
the initial population can vary. Then, based on
dominance rank and fitness between both parents
have been put in one pool, crossover and mutation
operator have been taken place in two by two of
them. All amounts related to the implementation of
the program are shown in Table (5).

is head of pure water above turbine.
Mimumum environmental flows: To protect the
environment, a minimum flow in the river, or in other
words downstream of the dams, is required. Thus, the
total power output of water and overflow water must
meet minimum needs of downstream. This constraint
is defined as follows:
Ri+ Spilli 0'7i
(9)

TABLE 5
Type and the coefficients of the operators used in the program
NSGA-II parameters
Type of reproduction and its possibility coefficient:
Type of mutation and its coefficient:
Crossover distribution parameter :
Mutation distribution parameter:
Mutation probability (Pmutation):
Crossover probability (Pcrossover):
Type of operator selection:
Stopping condition of algorithm :

Type
SBX , 0.9
Polynomial, 0.1




Tournament
Achieving to maximum number of reproduction
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Pareto Front. Due to the fact that from months
February to April which are considered the wet
months of the year, the model has two objectives in
conflict, NSGA-II algorithm model performed by
defining two objective functions. After trial and error,
the number of determined generations in the model
has been set equal to 400 generations. In Figure 4
shows the optimal points of Pareto resulting from
optimization and program execution in twodimensional form, the meaning of non-domination
has shown very well which is formed the basis of
Operator NSGA-II. In the figure, the negative
horizontal axis is revenue from sale of hydroelectric
energy and the negative vertical axis is flood control
volume in the reservoirs.
According to the Figure  E\ LQFUHDVLQJ ³I´
value, the amounts of storage for flood control
volume is greater and by moving to the left side of
the Pareto chart, profit the amounts of hydroelectric
energy reaches to maximum in the reservoir. So it is
possible by considering this process and according to
the proposed problem requirements and based on
current conditions in the area and the importance of
each objective, a Pareto optimal point is chosen that
there is a compromise between the two objectives.
Selecting the best answer totally depends on the
GHVLJQRIGHFLVLRQPDNHUV¶RSLQLRQ

FIGURE 4
The generated Pareto front by the NSGA-II
optimization model (20 points in shape, is equal to
the number of initial population.

The Water Height in the Reservoirs. Due to
the Figure 5, water height in reservoirs 1 and 2 is
lower in wet months of years than other months of
the year. The reason is that because the sole purpose
is to maximize energy production and revenue from
the sale of energy in 8 non-wet months of the year,
the model developed in order to maximize water
height and reservoir volume in these months, but in
wet months of the year, the other purpose is also
added to the above mentioned purpose, that is, to
maximize flood control storage volume. Therefore,
Water height is reduced in the reservoir, so that both
the objective function will be optimized.
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FIGURE 5
the water height variation in Ostoor and Pirtaghi reservoirs
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FIGURE 6
the water release in Ostoor and Pirtaghi reservoirs
capacity of the powerhouse, the following formula is
used.

The Rate of Release of Each Reservoir
during the Period. The rate of the current release of
the reservoir to produce hydroelectric energy into
related powerhouse is shown in Figure 6. As it can be
seen, the amount of water released into powerhouse
in the reservoir 2 is more than in reservoir 1. It is for
this reason that First, the height of the reservoir 2 is
more than reservoir 1 and also penstock diagonal and
flow rate is more than reservoir 1. In Figure 7, the
flood release rate is the maximum in flood months
because of optimizing the second objective function
of the problem, the model by increasing the amount
of release, tries to keep the reservoir empty for flood
control and vice versa.

ࡵǤ  ൌ

(13)

The I.C is the installed capacity of the
powerhouse that is based on KW (Installed capacity
is nominal capacity of units of a powerhouse) and Q
is released discharge to the powerhouse through its
penstocks. The other parameters have already been
introduced. After calculating installed capacity, it is
possible to calculate the monthly energy production
of powerhouse within a month per kW by using
equation 14.
E = I.C*PF*di*24
(14)
Where E is the monthly energy production per
kW, PF: The plant factor that for both powerhouses
has been considered 25%, this means that the
powerhouse works 25% of the clock which is
equivalent to 6 hours.

Installed capacity and energy production of
each powerhouse during the period. If we plot the
changes of the installed capacity and energy
production of each on a graph over time, Figure 7 and
8 will be obtained. Installed capacity depends on
several hydraulic parameters. To calculate Installed

/ŶƐƚĂůůĞĚĂƉĂĐŝƚǇ;DtͿ

ࣁࡴכࡽכࢽכ
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FIGURE 7
The variation of installed capacity in Ostoor and Pirtaghi reservoirs
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FIGURE 8
the monthly energy production of power plant in Ostoor and Pirtaghi reservoirs
large due to water needs for energy production, but in
the reservoir 2 overflow was only done at the
eleventh and twelfth months. The reason can be enter
flow of Sangchur River between the reservoirs 1 and
2 that makes there is overflow from reservoir 2
during the eighth, ninth and tenth periods. The water
has never overflowed from reservoir 1 at any time.
But if there is overflow from reservoir 1, the excess
water is controlled and is transported to reservoir 2.
According to the water balance equation, the
overflow water from the reservoir 2 is related to late
of the months of May, June and July.

According to Figures 7 and 8, it can be said
energy production has reduced in flood months in
comparison with the other months in the year; the
reason is to keep the reservoir empty in the months to
control probable floods, so required height has been
reduced for turbine performance and consequently
energy production.
5HVHUYRLUV¶ Losses. Casualties of reservoirs
include evaporation from the reservoir level and
overflow water from each reservoir. As expected,
with regard to the relationship level, there was no
overflow in the reservoir 1, because reservoirs are

TABLE 6
Energy per unit sales price and total revenue in reservoirs 1 and 2

Energy
price per
MWh
(RLS)
Total
revenue
in Ostoor
reservoir
(million
Riyal)
Total
revenue
in
Pirtaghi
reservoir
(million
Riyal)

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

46000

46000

46000

44000

44000

44000

49000

49000

49000

57000

57000

57000

149.9

180.7

170

161.9

106.7

105.5

165

199.6

34.58

311.1

371.4

291.8

403.2

420.5

490.8

466.7

299.9

311.2

438.5

577.1

736.1

774.8

797.7

714.6

2943

© by PSP

Volume 25 ± No. 8/2016, pages 2935-2946

Fresenius Environmental Bulletin

TABLE 7
Total water stored in reservoirs 1 and 2 in wet months (MCM)
Ostoor Reservoir

Pirtaghi Reservoir

Total storage

Feb
Mar
Apr
May

2617.45
2697.25
2368.67
1840.3

550.68
481.32
373.69
32.58

3168.13
3178.57
2742.36
1872.88

Total

9523.67

1438.27

10961.94

Optimal state is the state which by considering
effective parameters to maximize the objective
functions, the amount of water released to the plants
happens in such a way that on the one hand, the
appropriate volume of the reservoir is considered to
control probable floods in the flood months of the
year and on the other hand the income of
hydroelectric power production reaches the
maximum rate. Due to the rising cost of electricity in
the summer months, if only energy production is
considered, it is better to store water during the flood
months of the year and it will be sold at higher prices
in the summer months. However, because of having
the objective function, namely, volume storage of the
reservoir for flood control, this goal is in conflict
with the primary purpose; Therefore, a compromise
can be used between these two functions.
According to the results by using NSGA-II
method, in this project, income can be achieved
through selling price per unit of energy produced
times total energy generated in each powerhouse. In
the powerhouse related to the reservoir 1, the highest
revenue is related to August which is equal to 371
and 38 Millions of Rails and the lowest revenue is
related to March which is equal to 105.53 million
Rails (Figure 9). The highest and lowest revenue
occurs in the months of August and February in the
reservoir 2 respectively and their value is equal to
797.70 million Rails and 299.88 million Rails,
respectively (Table 6).
Regarding the second objective function,
namely, to maximize the storage volume in the
reservoir in wet months in order to control probable
floods must be said that the volume of the reservoir
will be kept empty in order to control probable floods
in each of the reservoirs 1 and 2 in the months of
February to May (Table 7). According to Table 3,
total volume of flood control storage in flood months
and in two reservoirs under study during the project
period which is equivalent to the value of the second
objective function, it is 10.96 billion cubic meters In
multi-objective genetic algorithm NSGA-II.

CONCLUSIONS
By observing and analysing the results of this
method, it can be concluded that multi-objective
genetic algorithm NSGA-II was administered to a
small number of generations and the good values of
the objective functions achieved by finding the
optimal point. Another distinct advantage of this
method is much less running time than other genetic
algorithm methods which is an important factor in the
performance of computer systems and saving time.
One of the important factors for not trapped in a local
optimum point, can be noted to mutation operator and
proper distribution of the population which the multiobjective genetic algorithm NSGA-II has a very good
performance because of having the crowded distance
while selection and population diversity will keep
very well in different generations while program
performing.
The next advantage of Multi-Objective Genetic
Algorithm NSGA-II is using of encoding real
numbers instead of encoding binary or the numbers
zero and one which using of actual encoding has
several advantages; such that, the problem space
searching level which are encoded in the way of true
values by mutation operator in chromosome is higher
than the values which are encoded in binary mode
and will provide better solutions. In this way, we do
not convert to binary mode, values precision will not
be reduced because of that. It does not need to be
decoded and requires less time and memory.
Mutations can be adjusted so that the mutation rate is
decreased by increasing of population convergence,
encoding with real numbers can limit mutations to
small changes and crossover operator can be
convergent to get the right answer. The chromosome
encoding method is more complicated, mutations will
be also performed better.
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6& DWZRVWDJHYHUWLFDOIORZ&:FHOO 9) DQGD
KRUL]RQWDO VXEVXUIDFH IORZ +6)  FRQVWUXFWHG
ZHWODQG WDQN ZHUH HVWDEOLVKHG WR LQYHVWLJDWH WKH
SHUIRUPDQFH RI SROOXWDQW UHPRYDO ,Q WKLV VWXG\
WZR NLQGV RI ILOWHU PDWHULDOV LQFOXGLQJ ODYD DQG
JUDYHO ZKLFK ZHUH SODQWHG ZLWK VDPH YHJHWDWLRQV
LQFOXGLQJ 0\ULRSK\OOXP YHUWLFLOODWXP &DQQD OLO\
DQG&\SHUXVDOWHUQLIROLXV ZHUHXVHGLQ WKH V\VWHP
0XQLFLSDO ZDVWHZDWHU ZDV LQWURGXFHG LQ WKH ILOWHU
EDVLQDWIRXUK\GUDXOLFUHWHQWLRQWLPHV +57 RI
   GD\V GXULQJ WKH VWXG\ SHULRG 7KH EHVW
SHUIRUPDQFHRIWUHDWPHQWZDVIRXQGDWGD\V+57
7KH DYHUDJH UHPRYDO HIILFLHQFLHV EDVHG RQ
FRQFHQWUDWLRQ RI LQWHJUDWHG &: V\VWHPV ZHUH 
IRU766IRU%2'IRU&2'
IRU 71  IRU 1+1 DQG  IRU 73
UHVSHFWLYHO\ 7KH VHGLPHQWDWLRQ FHOOV HIIHFWLYHO\
GHFUHDVHG766 DQG %2' LQ UDZ ZDVWHZDWHU VR DV
WR SUHVHUYH LQILOWUDWLRQ FDSDFLW\ RI SRURXV PHGLD
IURP FORJJLQJ %DVHG RQ WKH VWDWLVWLFDO WHVWLQJ LW
ZDV IRXQG WKDW WKH ODYD H[KLELWHG VLJQLILFDQWO\
GLIIHUHQFH LQ WKH FDSDFLW\ IRU WKH GHJUDGDWLRQ RI
SKRVSKRUXV
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,Q VRXWKHUQ &KLQD WKH IDVW JURZLQJ RI
HFRQRPLFV EXVLQHVV DQG SRSXODWLRQ XUEDQL]DWLRQ
LQFUHDVHG ZDWHU SROOXWLRQ DQG ZDWHU UHVRXUFHV
VKRUWDJH,WEHFDPHDFULWLFDOLVVXHZKLFKUHVWULFWHG
WKHUHJLRQDOVXVWDLQDEOHGHYHORSPHQW)XUWKHUPRUH
WKH QDWXUDO HFRV\VWHP ZDV VHYHUHO\ GHWHULRUDWHG
ZKLFK ZDVWKUHDWHQLQJWKH VXUYLYDOHQYLURQPHQWRI
KXPDQEHLQJ7KHUHIRUHILQGRIVXLWDEOHPHWKRGVRQ
ZDVWHZDWHU UHQRYDWLRQ EHFRPHV XUJHQW DQG
QHFHVVDU\ &RQVWUXFWHG ZHWODQG &:  LV DQ
HIIHFWLYH DSSURDFK RI ZDVWHZDWHU WUHDWPHQW LQ



VXEWURSLFDO UHJLRQ ZKLFK KDYH EHHQ GHVLJQHG WR
XWLOL]H WKH QDWXUDO SURFHVVHV LQYROYLQJ ZHWODQG
YHJHWDWLRQV VRLOV DQG WKHLU DVVRFLDWHG PLFURELDO
DVVHPEODJHV WR UHPRYH SROOXWDQWV IURP PXQLFLSDO
DJULFXOWXUDO RU LQGXVWULDO ZDVWHZDWHU > @
&RPSDUHG ZLWK FRQYHQWLRQDO ZDVWHZDWHU WUHDWPHQW
V\VWHPV &: PD\ RIIHU D ORZHU FRQVWUXFWLRQ FRVWV
DQG PDLQWHQDQFH UREXVW DQG EH HDVLO\ DSSOLHG
ZKLFK LV JURZLQJ LQ SRSXODULW\ DV D QDWXUDO DQG
KLJKHIILFLHQF\ DOWHUQDWLYH HVSHFLDOO\ VXLWDEOH IRU
GHYHORSLQJFRXQWULHV>@
7KH UHVHDUFK RI &: IRFXVHG RQ RSWLPL]DWLRQ
DQG LPSURYHPHQW RI WKH SHUIRUPDQFH RI PDUVK
VXFKDVWKHPRGLILFDWLRQDQGLQWHJUDWLRQRIGLIIHUHQW
V\VWHPV K\GUDXOLF IORZ SURSHUWLHV VXUIDFH RU
VXEVXUIDFH KRUL]RQWDO RU YHUWLFDO  FRQWURO
RSHUDWLRQDO FRQGLWLRQ VXFK DV K\GUDXOLF UHVLGHQFH
WLPHDQGWKHHIIHFWVRIYHJHWDWLRQDQGPDWUL[>@
1XPHURXV UHVHDUFKHUV UHSRUWHG WKDW WKH SULPDU\
VHWWOHGGRPHVWLFZDVWHZDWHUHPSOR\HGYHUWLFDOIORZ
9)  FRQVWUXFWHG ZHWODQG V\VWHPV WUHDWPHQW FRXOG
UHPRYHRYHUUHPRYDORI%2'&2'DQG766
FRXOG EH DFKLHYHG ZLWK 96) >@ +RZHYHU
SKRVSKDWHUHGXFWLRQZDVIRXQGWREHFRPSDUDWLYHO\
ORZ W\SLFDOO\ ± > @ +RUL]RQWDO
VXEVXUIDFH IORZ V\VWHPV +6)  ILOOHG ZLWK SRURXV
PHGLD ZHUH VXLWDEOH IRU RUJDQLF PDWWHU SKRVSKDWH
QLWURJHQ DQG PHWDOV UHPRYDO > @  7KH
DGGLWLRQ RI 9) FRPSRQHQWV WR +6) FRQVWUXFWHG
ZHWODQGV FRXOG LPSURYH QLWULILFDWLRQ >@ 5DZ
ZDVWHZDWHU ZDV SUHWUHDWHG LQ D VHGLPHQWDWLRQ WDQN
ZKLFK JUHDWO\ UHGXFHG RUJDQLF QLWURJHQ ZKHQ
FRPELQHG ZLWK &: FRPSRQHQWV WR HIIHFWLYHO\
GHFUHDVH %2' DQG 766 > @ *DUFtD 3DUHGHV
HW DO >@ UHSRUWHG WKDW WKH LQWHJUDWLRQ RI YDULRXV
IORZ&:V ZHUHIRXQGWRWKHUHPRYDOHIILFLHQF\RI
ORJXQLWVIHFDOIRUFROLIRUPZLWKWKHDGYDQWDJHRI
WKH UHGXFWLRQ RI WKH UHTXLUHG UHJLRQ ,QWHJUDWHG
&:V KDYH EHHQ GLVFXVVHG WR SXULI\ ZDVWHZDWHU
ZKLOH DQG RQO\ IHZ KDYH LQYHVWLJDWHG WKH UHPRYDO
HIILFLHQF\RQHDFKVWDJH>@ 
9DULRXV ILOWHU SRURXV PHGLD ZHUH DSSOLHG WR
&:VVXFKDVVDQGJUDYHO]HROLWHODYDFHUDPLVLWH
V\QWKHWLF SRO\PHU HWF 7KH DHURELF DQG DQDHURELF
PLFUREHV ZHUH DWWDFKHG WR WKH PHGLD IRU RUJDQLF
PDWWHU UHPRYDO LQ &: > @ $PRQJ WKH
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&:XQLWFRQWDLQHGDVHGLPHQWDWLRQFHOO 6&OHQJWK
P ZKLFKOLQNHGWRWKHPXQLFLSDOVHZDJHWKURXJK
ZDWHU GLVWULEXWLRQ WDQN ZKLFK SXPSHG IURP WKH
VDPSOH SRLQW RI /DQJGRQJ ZDVWHZDWHU WUHDWPHQW
SODQW $ WZRVWDJH 9) FHOO LQFOXGHG D
GRZQZDUGIORZ OHQJWK  P  DQG DQ XSZDUGIORZ
9) OHQJWK  P  DQG ILQDOO\ DQ HIIOXHQW VHFWLRQ
LQVWDOOHG+6)FHOO OHQJWKP 7KH&:EHGVKDGD
VORSHDWWKHERWWRPVLGHDWDSSUR[LPDWHLQRUGHU
WRFUHDWHJUDYLW\IORZFRQGLWLRQLQ9)XQLW
7KHWUHDWPHQW ZHWODQGV\VWHPILOOHG ZLWKODYD
ZKLFK FRQWDLQHG GLIIHUHQW VL]HV RI ILOWHU PDWHULDO
LH ILQH ODYD '    PP  PHGLXP ODYD
' PP DQGFRDUVHODYD ' 
 PP  7KH ODYD ZDV REWDLQHG IURP *UHDWHU
.KLQJDQ LQ WKH QRUWKHUQ &KLQD FRQVLVWHG E\ 6L2
 &D2  0J2  )H2 
)H2  $O2  WKH JUDYHO ZDV
FROOHFWHG IURP ORFDO ULYDO ZLWK WKH FRPSRVLWLRQ RI
6L2  &D2  0J2  )H2
 )H2  $O2  %RWK WKH ILOWHU
WKLFNQHVV RI 9)GRZQ DQG 9)XS WDQNV ZHUH
LGHQWLFDO LH VXUIDFH OD\HU FP ZLWK ILQH ODYD
PLGGOH OD\HU FP ZLWK PHGLXP ODYD GHHS OD\HU
FP ZLWK FRDUVH ODYD 7KH +6) WDQN ZDV ODLG
FPILQHODYDLQVXUIDFHFPPHGLXPODYDLQ
PLGGOHDQGFPFRDUVHODYDLQGHHSOD\HU
7KUHH NLQGV RI SODQWV ZHUH FXOWLYDWHG LQ WKH
FRQVWUXFWHG ZHWODQG XQLWV LQFOXGLQJ 0\ULRSK\OOXP
YHUWLFLOODWXP ZDWHU PLOIRLO  &DQQD OLO\ DQG
&\SHUXV DOWHUQLIROLXV XPEUHOOD SODQW  ZKLFK ZHUH
REWDLQHG IURP WKH ODERUDWRU\ RI *XDQJ;L
8QLYHUVLW\ 7KH GRZQZDUGIORZ 9) ZDV SODQWHG
ZLWKZDWHUPLOIRLOWKHXSZDUGIORZ9)ZLWK&DQQD
OLO\ DQG +6) ZDV XVHG LQ XPEUHOOD SODQW 7KH
GHQVLW\ RI  UKL]RPHV SHU P ZLWK RQH SODQW SHU
FDYHZDVDSSOLHGWR&:V\VWHP

0[0

0[0

0[0

FRPPRQHPSOR\HGPDWHULDOVVXFKDVULYHULQHJUDYHO
RU VDQGV ODYD KDV EHHQ VWXGLHG DV SRWHQWLDO ILOWHU
PDWHULDOVIRUUHFHQW\HDUV>@/DYDILOOHGZLWK
YHUWLFDO IORZ UHDFWRU GLVSOD\HG KLJK UHPRYDO
HIILFLHQF\RQ&2'DQGDPPRQLXPIRUZDVWHZDWHU
HYHQ WKRXJK WKH UHPRYDO PHFKDQLVP ZDV VWLOO
XQFOHDU 1RZ WKH UHVHDUFKHV DUH IRFXVHG RQ
SXULILFDWLRQSHUIRUPDQFHEHWZHHQYDULRXVPDWHULDOV
RUHIIHFWVRISODQWJURZLQJRQWKHPDWUL[>@
,Q WKLV SDSHU IRXUFHOO LQWHJUDWHG &:
PHVRFRVP ZHUH HVWDEOLVKHG E\ FRPELQLQJ ZLWK
VHGLPHQWDWLRQ FHOO GRZQZDUGIORZ 9) WDQN
XSZDUGIORZ 9) WDQN DQG +6) XQLW WR LQYHVWLJDWH
WKH SHUIRUPDQFH RI WUHDWPHQW WR WKH PXQLFLSDO
ZDVWHZDWHU7KHUHZHUHWZRYDULRXVILOWHUPDWHULDOV
JUDYHO DQG ODYD  ILOOHG LQ &: XQLW DQG SODQWHG
WKUHH NLQGV RI YHJHWDWLRQV 7KH SLORWVFDOH
FRQVWUXFWHG ZHWODQGV ZHUH GHVLJQHG L  WR H[DPLQH
WKH SXULILFDWLRQ FDSDFLW\ RI ZHWODQG XVLQJ
RSHUDWLRQVDWWKHIRXUK\GUDXOLFUHWHQWLRQWLPHVVXFK
DVDQGGD\DQG LL WRFRPSDUHWKHUHODWLYH
UHPRYDO HIILFLHQFLHV RI SROOXWDQW LQ HDFK WDQN DQG
LLL  WR UHVHDUFK WKH HIIHFWV RI ODYD DQG JUDYHO RQ
ZDVWHZDWHUWUHDWPHQW


0$7(5,$/6$1'0(7+2'6

3LORWVFDOH XQLW SODQW 7KH LQWHJUDWHG
FRQVWUXFWHG ZHWODQG &:  V\VWHPV ZDV EXLOW DW
1DQQLQJ &KLQD ORFDWHG LQ VRXWK RI WKH 7URSLF RI
&DQFHU ƍ1 ƍ  ZLWK VXEWURSLFDO
PRQVRRQ FOLPDWH 7KH DQQXDO DYHUDJH RI DLU
WHPSHUDWXUH LV 䰳 7KH SLORW ZDV FRQVWUXFWHG
QHDU WKH =KXSDLFKRQJ 5LYHU 7KH &: V\VWHP ZDV
UHFWDQJXODUWDQNPDGHE\VWHHO PîPîP
OHQJWKîZLGWKîGHSWK ZKLFKKDYHEHHQGLYLGHGLQWR
IRXU FHOOV E\ LURQ SODWH (YHU\ ZHOG ZDV FRYHUHG
ZLWKZDWHUSURRIFRDWLQJDQGLWVZDWHUWLJKWQHVVZDV
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),*85(
(IIOXHQWS+ D DQG'2 E IURPGLIIHUHQWFRQVWUXFWHGZHWODQGVDWIRXU+57V

+\GUDXOLF UHWHQWLRQ WLPH +57  )RXU
K\GUDXOLF UHWHQWLRQ WLPHV RI  G  G  G DQG  G
ZHUH XVHG LQ WKH &: XQLW DQG HDFK VWDJH ZDV
FRQGXFWHG RYHU D SHULRG RI  GD\V ,W ZDV NQRZQ
WKDW WKH +57 ZDV GHSHQGHQW WR WKH UDWLR RI
DYDLODEOHZDWHUYROXPHDQGDYHUDJHIORZUDWH7KXV
D IORZPHWHU ZDV LQVWDOOHG EHWZHHQ RQ WKH WZR
YDOYHVRIZDWHUGLVWULEXWLRQWDQNDQGVHGLPHQWDWLRQ
FHOO )LJ  7KH +57V ZHUH FRQWUROOHG E\ WKH
UHJXODWLRQRIIORZPHWHUDQGYDOYHVUHSHDWHGO\7KH
ZDVWHZDWHUVDPSOHVZHUHJUDVSHGLQODWHUSHULRGRI
HDFK +57 LQ RUGHU WR HQVXUH WKH &: V\VWHP
PDLQWDLQHGSHUIRUPDQFHVWDELOLW\

:DWHU TXDOLW\ PRQLWRULQJ 7KH VDPSOLQJ
SRLQWV ZHUH VHW DW WKH LQOHW ,Q  DIWHU WKH
VHGLPHQWDWLRQ FHOO / DW WKH ERWWRP RI D
GRZQZDUGIORZ 9) / DW WKH WRS RI XSZDUGIORZ
9) / DQG DW WKH RXWOHW /RXW $OO ZDVWHZDWHU ILHOG
VDPSOHVZHUHFROOHFWHGRQFHDZHHNIURP/WR/
LQ &: XQLWV UHVSHFWLYHO\ DQG WKHQ LPPHGLDWHO\
WUDQVIHUUHG WR WKH ODERUDWRU\ IRU DQDO\VLV )LJ 
7KH ZDWHU VDPSOHV ZHUH DQDO\]HG IRU 'LVVROYHG
R[\JHQ '2  GHWHUPLQHG LQ WKH ILHOG S+
ELRFKHPLFDO R[\JHQ GHPDQG %2'  &2' WRWDO
QLWURJHQ 71  DPPRQLD QLWURJHQ 1+1  WRWDO
SKRVSKDWH 73  WRWDO VXVSHQGHG VROLGV 766  $OO
WKH SDUDPHWHUV DERYH ZHUH DQDO\]HG DFFRUGLQJ WR
6WDQGDUG 0HWKRGV IRU :DWHU DQG :DVWHZDWHU
([DPLQDWLRQ>@

6WDWLVWLFDO DQDO\VLV 6366  IRU :LQGRZV
ZDVXVHGWRSHUIRUPLQJVWDWLVWLFDODQDO\VHV$PRQJ
WKH IRXU +57V WKH FRPSDULVRQV RI LQIOXHQW DQG
HIIOXHQW FRQFHQWUDWLRQ PHDQ YDOXHV DQG UHPRYDO
HIILFLHQFLHV ZHUH SHUIRUPHG E\ XVLQJ RQHZD\
DQDO\VLV RI YDULDQFH $129$  3RVW KRF
FRPSDULVRQV XVLQJ 7XNH\¶V +RQHVWO\ 6LJQLILFDQW
'LIIHUHQFHV +6' ZHUHXVHGWRLGHQWLI\VLJQLILFDQW

GLIIHUHQFHV EHWZHHQ PHDQV DW WKH  SUREDELOLW\
OHYHO 7R GHWHUPLQH VWDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFHVWKHFRPSDULVRQDERXWDYHUDJHYDOXHRI
FRQWDPLQDQWUHPRYDOVEHWZHHQODYDDQGJUDYHO&:
FHOOVE\XVLQJ7WHVW


5(68/76$1'',6&866,21

,QIOXHQW DQG HIIOXHQW ZDWHU TXDOLW\ DW IRXU
+57V 7KH WUHDWHG PXQLFLSDO ZDVWHZDWHU WR WKH
FRQVWUXFWHG ZHWODQG FRQWDLQHG DPRXQWV RI
SROOXWDQWV 7KH LQIOXHQW LQ WKH VWRUDJH WDQNV ZDV
YDULHG LQ TXDOLW\ GXULQJ WKH UHVHDUFK SHULRG 7DEOH
  7KHVH FRQFHQWUDWLRQV ZHUH VOLJKWO\ ORZHU WKDQ
WKH DPRXQW RI W\SLFDOO\ REVHUYHG IRU GRPHVWLF
ZDVWHZDWHU>@
7$%/(
&RQFHQWUDWLRQUDQJHRILQIOXHQWZDVWHZDWHU
WKURXJKRXWWKHPRQLWRULQJSHULRG


3DUDPHWHU
9DOXHV5DQJH PJ/ 
S+

'2

766

&2'

%2'

71


1+1
73


$VVKRZQLQ)LJDWKHUHVXOWVLQGLFDWHGWKDW
WKHLQIOXHQWZDVVOLJKWDONDOLQHUDQJLQJEHWZHHQS+
 WR  DQG RYHU WLPH WKH RXWIORZ S+ ZDV
VWDELOL]HG DW D ORZHU OHYHO UDQJLQJ EHWZHHQ S+ 
WR  )XUWKHUPRUH WKH S+ PD\ KDYH DOVR EH
DIIHFWHG PRUH WKDQ WKH DSSURSULDWH UDQJH WKDW
LPSDFWWKHSODQWJURZWK>@$VGHPRQVWUDWHGLQ
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),*85(
(IIOXHQWFRQFHQWUDWLRQRI766 D %2' E &2' F 71 G 1+1 H DQG73 I IURPGLIIHUHQW
FRQVWUXFWHGZHWODQGVDWIRXU+57V

WKHSDVWUHVHDUFKHVWKHGHQLWULILFDWLRQSURFHVVPD\
LPSURYHG '2 FRQFHQWUDWLRQV ZKLFK ZRXOG EH
EH UHVWULFWHG DW S+   DQG S+ !  DQG WKH
DYDLODEOH IRU QLWULILFDWLRQ DQG GHQLWULILFDWLRQ
KLJKHVW UDWH ZDV REVHUYHG DW D S+ UDQJH 
WKHUHE\OHDGLQJWRORZHUQLWULWHDQGQLWUDWHHIIOXHQW
>@7KHLQIOXHQW'2FRQFHQWUDWLRQZDVH[WUHPHO\
FRQFHQWUDWLRQV
ORZDW±PJ/ZKLOHWKHHIIOXHQWUDQJHRI
5HJDUGLQJ 766 )LJD  D FRQVLGHUDEOH
UHGXFWLRQ LQ WKH FRQFHQWUDWLRQ EHWZHHQ WKH LQIORZ
'2ZDVIRXQGWREHPJ/DQG
 PJ /  DQG WKDW DSSOLHG WR WKH &:V
PJ / DW G DQG G +57 UHVSHFWLYHO\ )LJE 
/RZHULQJ +57 UHGXFHG WKH DPRXQW RI R[\JHQ
 PJ / LQ WKH / HIIOXHQW DQG  PJ
WUDQVIHUUHG LQWR WKH ZHWODQG > @ 1LWULILFDWLRQ
/WKH*HIIOXHQW 2YHUK\GUDXOLFUHWHQWLRQWLPHV

ZDVQRWH[SHFWHGDW'2EHORZPJ/ >@'2
WKH766UHPRYDOZDVVOLJKWORZHULQGZKLOHORZ
+57 FRXOG OHDG WR LQFUHDVH WKH K\GUDXOLF ORDGLQJ
RI  PJ / SURGXFHG QR HIIHFW RQ DPPRQLD
WKH KLJK OLTXLG IORZ YHORFLW\ LQ WKH XQLWV ZDV
R[LGDWLRQ ZKLOH QLWULWH R[LGDWLRQ ZDV VWURQJO\
EHQHILFLDO WR JUHDWHU HQWUDLQPHQW RI VXVSHQGHG
LQKLELWHG >@ 7KHUHIRUH WKH UHDVRQDEOH
VROLGVWRRXWVLGHWKH&:V>@
GLVWULEXWLRQ RI &:V XQLWV ZRXOG SRVVLEO\ UHVXOW LQ
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GLVSOD\HGLQ)LJFWKHDYHUDJH&2'FRQFHQWUDWLRQ
RI/ &:XQLW ZDVGHFUHDVHGWRPJ /LQ
WKH HIIOXHQW ZKLOH WR  PJ / RI * XQLW
0HDQZKLOH DV REVHUYHG LQ )LJE WKH RXWOHW
FRQFHQWUDWLRQRI%2'YDULHGWRPJ/RI
DQGLWVUHODWLYHO\VWDEOHFRQGLWLRQWKDWDOORZIRUWKH
VHGLPHQWDWLRQ RI VROLG SDUWLFOHV DQG GLVVROYHG
RUJDQLFV)RU*6&WKHPHDQWRWDOUHPRYDORI766
ZDV IRXQG LQ UDQJHG RI    DQG
DW+57RIDQGGD\UHVSHFWLYHO\WKH
/6&REWDLQHGVLPLODUUHVXOWV7KHUHZDVVLJQLILFDQW
GLIIHUHQFHRI766UHPRYDOYDOXHVEHWZHHQUHWHQWLRQ
WLPHVDW6&VWDJHWKDWSUREDEO\EHFDXVHRIWKHUDSLG
IORZ RI WKH ZDVWHZDWHU DFURVV WKH VHGLPHQWDWLRQ
WDQN UHGXFLQJ WKH UHWHQWLRQ RI 766 7KH WRWDO
VXVSHQGHG VROLGV ZHUH HIIHFWLYH UHPRYHG DW D KLJK
OHYHO ! RQORZ+57DQGWKHORZHVWUHPRYDO
RIZDVJHQHUDWHGDW*V\VWHPRQKLJK+57
7KHUH LV VLJQLILFDQW GLIIHUHQFH LQ 766 UHPRYDO
EHWZHHQGDQGGUHVLGHQFHWLPHV $129$)
 S  ZKLFKZDVQRWVXLWDEOHIRUWKH
RWKHU WKUHH UHVLGHQFH WLPHV 7DEOH  3DUWLFXODUO\
WKHDYHUDJHUHPRYDOHIILFLHQF\RI766LQ*V\VWHP
IRUDQGGD\VZHUHFRPSDUDEOH LHIRU
GIRUGIRUGLQ*V\VWHP 7KH
UHPRYDORI766E\&:VKRXOGEHPDLQO\DWWULEXWHG
WR SK\VLFDO PHFKDQLVPV VXFK DV VHGLPHQWDWLRQ DQG
ILOWUDWLRQ IROORZHG E\ DHURELF RU DQDHURELF
PLFURELDO LQWHUDFWLRQ LQVLGH WKH VXEVWUDWH ,W ZDV
IRXQGWKDWWKHILQHVHGLPHQWDWLRQDQGILOWUDWLRQZHUH
DFKLHYHG LQ WKH LQWHJUDWHG &:V REVHUYHG LQ WKH
UHVXOWV GHVLUHG WR D ORZHU FRQFHQWUDWLRQ RI 766 LQ
WKHRXWIORZ )LJD )XUWKHUPRUH=XULWD'H$QGD
HW DO >@ DQG .DUDWKDQDVLV 3RWWHU HW DO >@
VXJJHVWHG WKDW WUHDWPHQW ZHWODQGV SODQWHG ZLWK
GLIIHUHQW VSHFLHV ZLWK WKH VXEVWUDWH SUREDEO\
WUDSSHGWKHVROLGVPRUHHIILFLHQWO\DQGORZHUHGWKH
ZDWHUYHORFLW\LPSURYLQJWKHUHWHQWLRQRI766
7KH DYHUDJH %2' RYHUDOO UHPRYDO YDOXHV
ZHUH  DQG  LQ / DQG * &:
IDFLOLWLHV UHVSHFWLYHO\ %2' UHODWLYH UHPRYDO ZDV
KLJKHULQVHGLPHQWDWLRQFHOOWKDQLQWKHRWKHUWDQNV
)RUG+57ZKHUH / DQG * LQ6&
 DQG  LQ 9)GRZQ XQLW  DQG 
LQ9)XSXQLWDQGLQ+6)FHOODW/DQG
* &: IDFLOLWLHV UHVSHFWLYHO\ )LJE VKRZHG WKDW
WKH UHGXFWLRQ RI VHGLPHQWDWLRQ FHOOV LQ %2'
DFFRXQWIRUJUHDWHUSURSRUWLRQFRQVLVWVRIWKHZKROH
&:IDFLOLWLHV7KHUH ZHUHORZUHODWLYHUHPRYDOVLQ
VXEVXUIDFH ZHWODQG SRVVLEOH UHDVRQ IRU ORZHU
RUJDQLF PDWWHU FRQFHQWUDWLRQ LQ &: LQIOXHQW IURP
WKH 6& SUHWUHDWPHQW 7KH UHPRYDO RI %2' DQG
766 LQ 6& VWDJH IROORZHG D VLPLODU WUHQG
VXJJHVWLQJ WKDW WKHLU UHPRYDO PHFKDQLVPV ZHUH
FRUUHODWLYH>@7KHUHPRYDORI%2'ZDVVOLJKWO\
GHFUHDVHG RYHU UHWHQWLRQ WLPH 7DEOH LQGLFDWHG
WKDWWKHDYHUDJH%2'UHPRYDORI&:HIIOXHQWZDV
 LQ ODYD IDFLOLW\ DW D +57 RI DERYH G
$WGWKH%2'HIILFLHQF\RIHIIOXHQWZDV 

7KH UDZ ZDVWHZDWHU KDG UDQJH RI &2' DQG
%2'  PJ / DQG  PJ / 
$V REVHUYHG LQ FXUUHQW UHVHDUFKHV WKH %2'&2'
UDWLR ZDV EHWZHHQ  DQG  ZLWK SRWHQWLDOO\
ELRGHJUDGDEOH ZDVWHZDWHUV SURSHUW\ >@ $V
/ V\VWHP ZKLOH WR PJ / RI * XQLW 7KH
HQKDQFHG UHPRYDO RI &2' DQG %2' YDOXHV LQ
&:VV\VWHP ZRXOGEHDWWULEXWHGWRELRGHJUDGDWLRQ
RIRUJDQLFSROOXWDQWRIVHZDJHDVVRFLDWHGPLFURELDO
DFWLYLWLHVLQWKHUKL]RVSKHUHRISODQW
7KH LQIOXHQW FRQFHQWUDWLRQ RI 71 DQG 1+1
KDGUDQJHRIPJ/DQGPJ/
$QHIIHFWRIK\GUDXOLFUHWHQWLRQWLPHRQYDULRXV71
DQG1+1ZDVLOOXVWUDWHGLQ)LJGDQGH&OHDUO\
WKH+57SOD\HGDVLJQLILFDQWUROHLQWKHUHPRYDORI
QLWURJHQ LH HIIOXHQFH FRQFHQWUDWLRQ RI QLWURJHQ
GHFUHDVHG ZLWK +57 7KH 71 PHDQ FRQFHQWUDWLRQ
RI / &: XQLW GHFUHDVHG WR  PJ / LQ WKH
HIIOXHQW ZKLOH WR PJ / RI * XQLW 7KH
RXWOHW PHDQ FRQFHQWUDWLRQ RI 1+1 YDULHG WR
PJ / RI / V\VWHP ZKLOH WR  PJ
/ RI * XQLW 7KH QLWURJHQ UHPRYDO LQ / XQLW ZDV
VOLJKWO\ JUHDWHU WKDQ WKDW LQ * XQLW )LJI VKRZHG
WKH FRPSDULVRQV RI WKH 73 HIIOXHQW FRQFHQWUDWLRQ
EHWZHHQ / V\VWHP DQG * V\VWHP RQ GLIIHUHQW
K\GUDXOLF UHWHQWLRQ WLPHV $V WKH LQIORZ
FRQFHQWUDWLRQ RI 73 UDQJH RI  PJ /í WKH
DYHUDJH 73 HIIOXHQW FRQFHQWUDWLRQ LQ ODYD IDFLOLW\
ZDVUHGXFHGIURPPJ/íDWGD\+57WR
PJ/DWGD\V+57

(IIHFWV RI +57V RQ SROOXWLRQ UHGXFWLRQ DW
WKH YDULRXV VWDJHV RI WKH IDFLOLWLHV ,Q RUGHU WR
FRPSDUHWKHUHPRYDORIFRQWDPLQDQWVLQWKHUHODWLYH
VHSDUDWHG&:FHOOVDQGWKHUHODWLRQVKLSWR+57WKH
UHODWLYHUHPRYDORIHDFKXQLWLQ/RU*V\VWHPVZDV
SORWWHG DJDLQVW LWV K\GUDXOLF UHWHQWLRQ WLPH )LJ 
7KH UHODWLYH UHPRYDO DW LQWHUPHGLDWH VWDJHV RI WKH
XQLW ZDV FDOFXODWHG EDVHG RQ FRQFHQWUDWLRQV RI WKH
FRQVWLWXHQWDWWKHLQOHWRIWKHXQLWDQGWKHRXWOHWRI
WKH VSHFLILHG VWDJH DQG VXEWUDFWLQJ WKH UHPRYDO LQ
WKH SUHYLRXV VWDJH 5HODWLYH UHPRYDO LQGLFDWHG WKH
FRQWULEXWLRQRISDUWLFXODUVWDJHLQWRWDOSHUIRUPDQFH
RIWKHIDFLOLW\>@
7KH VHGLPHQWDWLRQ FHOO DV D SUHWUHDWPHQW
IDFLOLW\ ZLWK WKH GRPLQDWLQJ IXQFWLRQ ZDV XVHG WR
GHFUHDVH VXVSHQGHG VROLG FRQFHQWUDWLRQ LQ
ZDVWHZDWHU 7KH XQLW WKDW PRVW UHODWLYH UHPRYDO RI
766 RFFXUUHG ZDV WKH VHGLPHQWDWLRQ FHOO LQ WKH
LQIOXHQW ]RQH EHIRUH SDVVLQJ WKURXJK WKH &:
WUHDWPHQW ]RQH ZLWK PHDQ UHPRYDOV UDQJH RI
DQGIRU/6&DQG*6&
UHVSHFWLYHO\ $129$ DQDO\VLV IRU 766 )  
 S )LJD  DQG SRVW KRF FRPSDULVRQ
XVLQJ WKH 7XNH\ +6' WHVW LQGLFDWHG WKDW WKH PHDQ
YDOXH IRU WKH 6& PHDQ   ZDV VLJQLILFDQWO\
GLIIHUHQWIURPWKDWRIWKHRWKHUWUHDWPHQWVWDJHV LH
9)GRZQ PHDQ  9)XS PHDQ  +6)
PHDQ  7KH6&SDUWSURYLGHGIRUSUHVHWWOLQJ
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),*85(
0HDQUHODWLYHUHPRYDOHIILFLHQFLHVDWIRXU+57VDQGHDFKVWDJHIRU766 D %2' E &2' F 71 G 
1+1 H DQG73 I 

7$%/(
0HDQFRQWDPLQDQWUHPRYDOHIILFLHQFLHV  DWWKHIRXU+57VRIDQGGD\DQGUHVXOWVRIRQHZD\
$129$VWDWLVWLFV )YDOXH 


3DUDPHWHU
766

%2'

&2'

71

1+1

73


)DFLOLWLHV
/DYD
*UDYHO
/DYD
*UDYHO
/DYD
*UDYHO
/DYD
*UDYHO
/DYD
*UDYHO
/DYD
*UDYHO

G
E
E
E
E
E
E
F
F
F
F
F
F

+\GURO\WLFUHWHQWLRQWLPHV
G
G
E
E
E
E
E
E
E
DE
D
D
E
D
E
DE
E
E
F
E
F
E
F
E
F
E
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D
D
D
D
D
D
D
D
D
D
D
D

)YDOXHV














6' VWDQGDUGGHYLDWLRQQ 
9DULRXVVXSHUVFULSWOHWWHUVZLWKLQURZVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVEDVHGRQD7XNH\+6'WHVW S 



E\363 

9ROXPH±1RSDJHV




GHFUHDVHG WR  7KH GDWD UHYHDOHG WKDW +57
DERYH  GD\V ZDV DGHTXDWH IRU WKH UHPRYDO RI
%2' ZLWK UHODWLYHO\ KLJK HIILFLHQF\ 7KH
GHSHQGHQFLHV EHWZHHQ WKH DYHUDJH UHPRYDOV DQG
+57V ZHUH ZHDN ZLWK WKH GHFUHDVH RI UHPRYDO
HIILFLHQF\ DV +57 GHFUHDVHG $\D] >@ VXJJHVWHG
WKDW +57V PRUH WKDQ  GD\V IRU +6) PD\ EH
LQHIILFLHQWDW%2'&2'UHPRYDOHIILFLHQFLHVZHUH
QRW KLJKHU WKDQ %2' ZKLFK SUREDEO\ GXH WR WKH
SURSHUW\ RI &2' WKDW WKH W\SLFDO ELRGHJUDGDEOH
VXEVWDQFHV ZHUH QRW DV PDQ\ DV %2' ,Q WKH *
XQLW LW ZDV REVHUYHG IRU &2' WKDW IRU D UHVLGHQFH
WLPHRIDQGGWKHUHPRYDOHIILFLHQFLHVZHUH
    DQG  UHVSHFWLYHO\
7DEOH  7KHUH ZDV VLJQLILFDQW GLIIHUHQFH LQ
RUJDQLFPDWWHUUHPRYDOEHWZHHQDERYHGDQGWKH
RWKHUWZRUHVLGHQFH WLPHV $129$) 
3   +LJKHVW UHODWLYH UHPRYDO RI &2'
REVHUYHGLQWKH9)GRZQFHOO LHPHDQUHPRYDOV
RI &2' ZHUH  DQG  LQ WKH / DQG *
XQLWV UHVSHFWLYHO\ $129$ )   3
)LJF  ,W ZDV IRXQG WKDW WKH &2' RI &: V\VWHP
SULPDULO\ GHFUHDVHG LQ WKH DUHD QHDUE\ LQIOXHQW RI
FRQVWUXFWHGZHWODQGZKHUHWKHDSSUR[LPDWHO\WUHQG
ZDV IRXQG LQ %2' UHPRYDO PHDQ  LQ
/9)GRZQDQGLQ*9)GRZQ $NUDWRVDQG
7VLKULQW]LV >@ DOVR UHSRUWHG WKDW WKH RUJDQLF
FRQWDPLQDQW LV PRVWO\ UHGXFHG LQ ILUVW RQHWKLUG
DORQJ WKH XQLW OHQJWK LQ &: 7KH RUJDQLF PDWWHU
UHGXFWLRQ LQ &: LV PDLQO\ DVFULEHG WR WKH DHURELF
DQG DQDHURELF PLFUREH PHWDEROLVP 7KH PLFURELDO
JURZWK DFWLYLW\ RI &: V\VWHP LV GHSHQGHQW RQ
R[\JHQWUDQVIHULQWRPDWUL[E\ZDVWHZDWHUIORZRU
SODQWURRW]RQH
7KH UHPRYDOV RI 71 DQG 1+1 ZHUH
REYLRXVO\ORZHUWKDQ&2'DQG%2'7KHDYHUDJH
RI 71 UHPRYDO HIILFLHQFLHV REVHUYHG LQ / DQG *
&: UHDFWRU ZHUH  DQG  DW G +57
UHVSHFWLYHO\ZKLOHGHFUHDVHGWR
ZKHQWKHUHWHQWLRQWLPHZDVHPSOR\HGGGGLQ
JUDYHO V\VWHP ,Q DGGLWLRQ LW FDQ EH REVHUYHG WKDW
WKHUH ZDV VLJQLILFDQW GLIIHUHQFH LQ 71 UHPRYDO
EHWZHHQ UHVLGHQFH WLPHV 7DEOH  LQGLFDWLQJ WKDW
WKHWUHQGDOVRRFFXUUHGLQ1+1UHGXFWLRQLHLQ
ZKLFK WKH DYHUDJH RYHUDOO UHPRYDOV ZHUH 
   +57  G  G  G  G  LQ
/DYD V\VWHP UHVSHFWLYHO\ &DOKHLURV 5DQJHO HW DO
>@ LQGLFDWHG WKDW VRPH RWKHUV SRWHQWLDO
GHQLWULILFDWLRQ SURFHVVHV H[FHSW IRU PLFURELDO
GHJUDGDWLRQ DV +57 GHFUHDVH DOZD\V UHGXFHV WKH
FRQWDFW WLPH EHWZHHQ LQIOXHQW FRQWDPLQDQW DQG
DWWDFKHGELRILOPVFRQVHTXHQWO\GLPLQLVKLQJIDFLOLW\
SHUIRUPDQFH 7KH UHODWLYH UHPRYDOV RI 71 DQG
1+1 ZHUH  LQ 6& LPSO\LQJ WKDW QLWURJHQ
UHGXFWLRQ PDLQO\ RFFXUUHG LQVLGH WKH PDWUL[ UDWKHU
WKDQ VHGLPHQWDWLRQ FHOO +LJK UHODWLYH UHPRYDO RI
71 RFFXUUHG LQ +6) RI G +57 PHDQ  LQ
/+6) DQG  LQ *+6)  ZKLOH UHGXFHG







)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ 

VLJQLILFDQWO\ ZLWK +57 GHFUHDVHG LH PHDQ
UHPRYDOVLQ/DYD+6)RIDQG
LQ+57UHVSHFWLYHO\ +RZHYHUWKHUHODWLYH
UHPRYDO HIILFLHQFLHV LQ /9)GRZQ  
  RI     +57 UHVSHFWLYHO\ 
IOXFWXDWHG EHWZHHQ IRXU UHWHQWLRQ WLPHV ZHUH OHVV
VLJQLILFDQW GLIIHUHQFH WKDQ WKDW LQ /+6) )LJG 
7UDQJ .RQQHUXS HW DO >@ LQGLFDWHG WKDW WKH
GHFUHDVH RI GHQLWULILFDWLRQ HIILFLHQF\ PLJKW EH
DWWULEXWHGWRWKHRYHUODQGIORZZKLFKZDVIRXQGDW
WKHSHDNORDGLQJFRQGLWLRQV%DVHGRQWKHSUHYLRXV
UHVHDUFK E\ FRPSDULQJ ZLWK YHUWLFDO IORZ &:
6DHHGDQG6XQ>@LOOXVWUDWHGWKDWWKHYXOQHUDELOLW\
RI KRUL]RQWDO VXEVXUIDFH IORZ &: WR GLPLQLVKLQJ
+57 FRXOG EH DWWULEXWHG WR ZDWHU ORJJLQJ
FRQGLWLRQVRUJHQHUDWLQJIORZVKRUWFLUFXLWLQJHIIHFW
DW KLJKHU K\GUDXOLF ORDGLQJV 7KH IDFLOLW\ ZLWK
UHODWLYH KLJK UHPRYDO RI 1+1 RFFXUUHG LQ
9)GRZQFHOOZLWKDYHUDJHUHPRYDOVRIDQG
 IRU / DQG * &: DW G +57 UHVSHFWLYHO\
)LJH 
7KHKLJKHVWSKRVSKRUXVUHPRYDOZDVREWDLQHG
DWORQJHVW+57 G WKDWDYHUDJHRILQ/DYD
DQG  LQ *UDYHO 73 UHPRYDO ZHUH KLJK
HIILFLHQF\ DERYH G +57 !  ZKHUHDV
GHFUHDVHG OHVV WKDQ  DW WZR ORZ +57V
5HGXFLQJFRQGLWLRQVRIORZGLVVROYHGR[\JHQFRXOG
OHDG WR VROXELOL]DWLRQ RI PLQHUDOV DQG UHOHDVH RI
GLVVROYHG SKRVSKRUXV >@ 7KH VHGLPHQWDWLRQ FHOO
SOD\HG DQ XQLPSRUWDQW UROH LQ WKH UHGXFWLRQ RI 71
DQG73DVWKHUHODWLYHUHPRYDODOOORZHUWKDQ
ZKLFK ZDV PDLQO\ UHPRYHG E\ ELRWD XSWDNH
LQFOXGLQJ EDFWHULD IXQJL DOJDH DV ZHOO DV SODQWV
DQGDGVRUSWLRQRQWKHSRURXVPHGLD7KH9)GRZQ
XQLW VKRZHG WKH KLJKHVW FRQWULEXWLRQ WR 73
UHGXFWLRQ G +57 DYHUDJH UHODWLYH UHPRYDO ZDV
 IRU /DYD XQLW )LJI  7KH SHUIRUPDQFH RI
73UHGXFWLRQLQ9)V\VWHPZDVVLJQLILFDQWGLIIHUHQW
RQUHWHQWLRQWLPHV LHODYD9)GRZQUHDFWRUPHDQ
UHODWLYHUHPRYDOVIRUGZDVIRUG
IRU G  IRU G  $129$
)  S  :KHUHDV WKH +6) V\VWHP
VKRZHG D WUHQG XQOLNH WKDW LQ 9) HJ PHDQ
UHODWLYHUHPRYDOVLQODYD+6)IRUG
IRUGIRUGIRUG WKDWPD\GXHWR
SKRVSKRUXV UHGXFWLRQ UHO\ RQ VHYHUDO FRPSOLFDWHG
PHFKDQLVPV VXFK DV YDULRXV SODQWV RQ SKRVSKRUXV
XSWDNH 

(IIHFWV RI SRURXV PHGLD 7ZR LQWHJUDWHG
SLORWVFDOH FRQVWUXFWHG ZHWODQG IDFLOLWLHV ZHUH
SODQWHG ZLWK WKH VDPH YHJHWDWLRQV 0\ULRSK\OOXP
YHUWLFLOODWXP&DQQDOLO\DQG&\SHUXVDOWHUQLIROLXV 
EXWWKH\FRQWDLQHGGLIIHUHQWSRURXVPHGLD ODYDDQG
JUDYHO  ZKLFK WKH ILOOHUV ZHUH ILOOHG ZLWK D VDPH
FRQILJXUDWLRQ ,Q RUGHU WR LQYHVWLJDWH WKH HIIHFWV RI
SRUHVPHGLDRQWKHUHPRYDOHIILFLHQF\RISROOXWDQWV
WKH6&V\VWHPVVKRXOGEHFRQVLGHUHG&RQVWUXFWHG
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ 
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GLIIHUHQFH


6WDWLVWLFDOYDOXHVRI&:DEVROXWHUHPRYDO
3DUDPHWHU
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7KHPHDQGLIIHUHQFHLVVLJQLILFDQWDWWKHOHYHO6' VWDQGDUGGHYLDWLRQ

FRQIRUPHG WR &KLQHVH VWDQGDUGV IRU GLVFKDUJH LQWR
ZHWODQGVDEVROXWHUHPRYDOIRUHDFKSROOXWDQWDWWKH
VXUIDFH ZDWHUV &RPELQLQJ ZLWK VHGLPHQWDWLRQ FHOO
ILOWHUEHGVWDJHVRIWKHIDFLOLW\ZDVFDOFXODWHGEDVHG
DQG SLORWVFDOH FRQVWUXFWHG ZHWODQGV FRXOG
RQLWVFRQFHQWUDWLRQDWWKH9)GRZQLQOHWDQGRXWOHW
HIIHFWLYHO\GHFUHDVH766LQUDZZDVWHZDWHUVRDVWR
RIWKH&:
JXDUDQWHH WUHDWPHQW ILOWHUV KDG DQ HQRXJK SRUH
%DVHG RQ WWHVW DQDO\VLV 7DEOH  WKH PHDQ
YROXPH DQG SUHVHUYHG WKHLU LQILOWUDWLRQ FDSDFLW\
766%2'&2'71DQG1+1UHPRYDOVIRUWKH
IURP FORJJLQJ 'XULQJ H[SHULPHQW SHULRG WKH
SRURXVPHGLDRIODYDDQGJUDYHOIDFLOLWLHVZHUHQRW
FRQVWUXFWHGZHWODQGVUHYHDOHGDVLJQLILFDQWUHPRYDO
VWDWLVWLFDOO\VLJQLILFDQWO\GLIIHUHQW
HIILFLHQF\ RI SROOXWDQW ZKLFK ZDV DIIHFWHG E\
$ FRQYLQFLQJ GLIIHUHQFH ZDV REVHUYHG IRU WKH
K\GURO\WLFUHWHQWLRQWLPHDQG  ILOWHUPDWHULDOV7KH
UHPRYDO RI SKRVSKRURXV DV VKRZQ LQ 7DEOH 
UHVXOWV LQGLFDWHG WKDW WKH ORQJHU YDOXHV RI +57
1RWLFHDEOH ODYD V\VWHP KDG FRQVLGHUDEO\ KLJKHU
FRXOG LPSURYH RXWIORZ TXDOLW\ 2Q WKH FRQWUDU\
UHPRYDO HIILFLHQF\ WKDQ JUDYHO XQLW )XUWKHUPRUH
VKRUWHU +57 LPSDLUHG HIIOXHQW TXDOLW\ ZLWKLQ WKH
WKHODYDH[KLELWHGVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFH
&: V\VWHPV 7KHVH UHVXOWV VXJJHVWHG WKDW
LQ WKH FDSDFLW\ IRU WKH GHJUDGDWLRQ RI SKRVSKRUXV
FRPELQLQJ WKH FRQVWUXFWHG ZHWODQG ZLWK GLIIHUHQW
'HVSLWHWKHDSSDUHQWFRPSOH[LW\RIVHYHUDOUHPRYDO
SURFHVVHVZKHQILOOLQJWKHSRURXVPHGLDLQWKH&:
PHFKDQLVPV LH XSWDNH E\ ELRWD RU SODQW  WKH
EHG ZLOO LPSURYH WKH WUHDWPHQW HIILFLHQF\ 7KH
UHPRYDO HIILFLHQF\ RI 73 LV PDLQO\ DIIHFWHG E\
YHUWLFDO IORZ &: FHOO VWUHQJWKHQHG UHPRYDO
DGVRUSWLRQ DQG SUHFLSLWDWLRQ>@ 3KRVSKRUXV
HIILFLHQF\ RI 1+1 DQG 73 KRZHYHU ZKLFK
VRUSWLRQ LV VWURQJO\ LQIOXHQFHG E\ WKH DFFRXQW RI
FDOFLXP FDUERQDWHV DOXPLQXP R[LGHV DQG LURQ
VLJQLILFDQWO\ UHVWULFWHG E\ +57 IDFWRUV $OWKRXJK
R[LGHV SUHVHQW LQ WKH PDWHULDO >@ 3UHFLSLWDWLRQ
WKH KRUL]RQWDO VXEVXUIDFH IORZ &: IRU SROOXWDQW
UHDFWLRQV LQYROYLQJ SKRVSKRUXV DUH FRPSOH[ DQG
UHPRYDO ZDV OHVV WKDQ WKH YHUWLFDO IORZ &: LW
VHHPHG OHVV VLJQLILFDQWO\ FRQGLWLRQHG E\ +57 ,Q
VHYHUDO  FRQVLGHUDEOH PLQHUDO SUHFLSLWDWHV LQ WKH
WKLV VWXG\ LW ZDV VKRZQ WKDW ODYD LQFUHDVH WKH
ZHWODQG V\VWHP DUH DSDWLWH &D &O) 32 
VRUSWLRQFDSDFLW\RISKRVSKRUXVE\FRPSDULQJZLWK
K\GUR[\ODSDWLWH
&D 2+ 32 
YDULVFLWH
WKH FRPPRQO\ XVHG JUDYHO 7KH HIIHFW RI
$O 32 ā+2 VWUHQJLWH )H 32 ā+2 YLYLDQLWH
WHPSHUDWXUH RQ WKH GHJUDGDWLRQ RI SROOXWDQWV ZDV
)H 32 ā+2 :DYHOOLWH $O 2+  32 ā+2
QRW FRXQWHG LQ WKH VWXG\ GXH WR WKH QHDU WURSLFDO
>@7RFRPSDUHZLWKFKHPLFDOFRQVWLWXWLRQRIWKH
FOLPDWLF FKDUDFWHU RI 1DQQLQJ DQQXDO DYHUDJH DLU
PDWUL[ WKH ODYD FRQWDLQHG PRUH FDOFLXP LURQ DQG
WHPSHUDWXUH RI 䰳 RQO\ LQ -DQXDU\ DQG
DOXPLQXP WKDQ WKH JUDYHO LH &D2  )H2
)HEUXDU\WKHDYHUDJH WHPSHUDWXUHRI䰳 7KH
 )H2  $O2  IRU ODYD DQG
VWXG\ LQ WKLV SDSHU LQGLFDWHG WKDW WKH LQWHJUDWHG
&D2)H2)H2$O2
&:V KDG D SRWHQWLDO IRU 766 %2' &2'
IRU JUDYHO  7KHUHIRUH WKH ODYD XQLW KDG PHDQ
UHPRYDOHIILFLHQF\IRU73FRPSDUHGWRWKH
QLWURJHQ DQG SKRVSKRUXV UHPRYDO DQG WUHDWPHQW WR
JUDYHOPHGLD
PXQLFLSDO ZDVWHZDWHU IRU SROOXWHG ULYHU FRQWURO LQ
GHYHORSLQJFRXQWULHV




&21&/86,216
$&.12:/('*(0(176


7KHUHVXOWVRIWKLVVWXG\GHPRQVWUDWHGWKDWWKH
7KDQNV IRU 0DMRU 6FLHQFH DQG 7HFKQRORJ\
GHVLJQHG LQWHJUDWHG &: V\VWHP FRXOG EH DSSOLHG
3URJUDPIRU:DWHU3ROOXWLRQ&RQWURODQG7UHDWPHQW
IRU WUHDWPHQW WKH PXQLFLSDO ZDVWHZDWHU ZKLFK
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ 


=;  DQG 6WDWH .H\ /DERUDWRU\ RI 8UEDQ
:DWHU 5HVRXUFH DQG (QYLURQPHQW ';  IRU
WKH ILQDQFLDO VXSSRUW SURYLGHG WR GHYHORS WKLV  
LQYHVWLJDWLRQ 2XU VLQFHUH WKDQNV DUH DOVR JLYHQ WR
6FKRRO RI 0XQLFLSDO DQG (QYLURQPHQWDO
(QJLQHHULQJ +DUELQ ,QVWLWXWH RI 7HFKQRORJ\ IRU
SURYLGLQJWKHUHVHDUFKPDWHULDOVHTXLSPHQWIRUWKLV
UHVHDUFK


5()(5(1&(6

>@ 9\PD]DO -   7KH XVH FRQVWUXFWHG
ZHWODQGV ZLWK KRUL]RQWDO VXEVXUIDFH IORZ IRU
YDULRXV W\SHV RI ZDVWHZDWHU (FRORJLFDO
(QJLQHHULQJ
>@ (QJHOKDUGW . $ DQG 5LWFKLH 0 (  
7KHHIIHFWRIDTXDWLFSODQWVSHFLHVULFKQHVVRQ
ZHWODQG HFRV\VWHP SURFHVVHV (FRORJ\ 

>@ &KHQ=&KHQ%=KRX-/L==KRX<;L
; /LQ & DQG &KHQ *   $ YHUWLFDO
VXEVXUIDFHIORZ FRQVWUXFWHG ZHWODQG LQ
%HLMLQJ&RPPXQLFDWLRQVLQ1RQOLQHDU6FLHQFH
DQG1XPHULFDO6LPXODWLRQ
>@ $\D] 6 DQG $NFD ,   7UHDWPHQW RI
ZDVWHZDWHU E\ FRQVWUXFWHG ZHWODQG LQ VPDOO
VHWWOHPHQWV:DWHUVFLHQFHDQGWHFKQRORJ\

>@ (OPDFL $   &RPSDULVRQ RI 0&3$
&KORUR0HWK\SKHQR[\
DFHWLF
DFLG 
UHPRYDO LQ WZR W\SHV RI FRQVWUXFWHG ZHWODQGV
)UHVHQLXV (QYLURQPHQWDO %XOOHWLQ 

>@ 6XQ + =KDQJ + <X = :X - -LDQJ 3
<XDQ ; DQG 6KL :   &RPELQDWLRQ
V\VWHP RI IXOOVFDOH FRQVWUXFWHG ZHWODQGV DQG
ZHWODQG SDGG\ ILHOGV WR UHPRYH QLWURJHQ DQG
SKRVSKRUXV IURP UXUDO XQUHJXODWHG QRQSRLQW
VRXUFHV (QYLURQPHQWDO JHRFKHPLVWU\ DQG
KHDOWK
>@ &KDYDQ 3 9 DQG 'HQQHWW . (  
:HWODQG VLPXODWLRQ PRGHO IRU QLWURJHQ
SKRVSKRUXV DQG VHGLPHQWV UHWHQWLRQ LQ
FRQVWUXFWHG ZHWODQGV :DWHU $LU DQG 6RLO
3ROOXWLRQ
>@ =XULWD)'H$QGD-DQG%HOPRQW0  
7UHDWPHQW RI GRPHVWLF ZDVWHZDWHU DQG
SURGXFWLRQ RI FRPPHUFLDO IORZHUV LQ YHUWLFDO
DQG KRUL]RQWDO VXEVXUIDFHIORZ FRQVWUXFWHG
ZHWODQGV(FRORJLFDO(QJLQHHULQJ
>@ 'X ; ;X = DQG /L -   (QKDQFHG
QLWURJHQ UHPRYDO LQ D QRQSODQWHG PRGLILHG



HFWHQGHG WLGDO IORZ FRQVWUXFWHG ZHWODQG
)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ
>@3URFKDVND & DQG =RXERXOLV $  
7UHDWPHQW SHUIRUPDQFH YDULDWLRQ DW GLIIHUHQW
GHSWKV ZLWKLQ YHUWLFDO VXEVXUIDFHIORZ
H[SHULPHQWDO ZHWODQGV IHG ZLWK VLPXODWHG
GRPHVWLFVHZDJH'HVDOLQDWLRQ
>@3DQXYDWYDQLFK $.RRWWDWHS7DQG.RQp'
  +\GUDXOLF EHKDYLRXU RI YHUWLFDOϋIORZ
FRQVWUXFWHG ZHWODQG XQGHU GLIIHUHQW RSHUDWLQJ
FRQGLWLRQV (QYLURQPHQWDO WHFKQRORJ\ 

>@7DQJ ; +XDQJ 6 DQG 6FKRO] 0  
&RPSDULVRQ RI SKRVSKRUXV UHPRYDO EHWZHHQ
YHUWLFDO VXEVXUIDFH IORZ FRQVWUXFWHG ZHWODQGV
ZLWK GLIIHUHQW VXEVWUDWHV :DWHU DQG
(QYLURQPHQW-RXUQDO
>@/DQJHUJUDEHU * +DEHUO 5 /DEHU - DQG
3UHVVO $   (YDOXDWLRQ RI VXEVWUDWH
FORJJLQJSURFHVVHVLQYHUWLFDOIORZFRQVWUXFWHG
ZHWODQGV :DWHU 6FLHQFH  7HFKQRORJ\ 

>@3ODW]HU&DQG0DXFK.  6RLOFORJJLQJ
LQ YHUWLFDO IORZ UHHG EHGVPHFKDQLVPV
SDUDPHWHUV FRQVHTXHQFHV DQG VROXWLRQV"
:DWHU6FLHQFHDQG7HFKQRORJ\
>@:HQ < =+28 4 -LDQJ / <DR =O DQG
<,1 -   'HJUDGDWLRQ FKDUDFWHULVWLFV RI
RUJDQLF VXEVWDQFHV LQ SROOXWHG VXUIDFH ZDWHUV
WUHDWPHQW ZLWK KRUL]RQWDO VXEVXUIDFH IORZ
FRQVWUXFWHG
ZHWODQGV
&+,1$
(19,5210(17$/ 6&,(1&(&+,1(6(
(',7,21
>@3DUHGHV ' .XVFKN 3 6WDQJH ) 0XOOHU 5
DQG .RVHU +   0RGHO H[SHULPHQWV RQ
LPSURYLQJQLWURJHQUHPRYDOLQODERUDWRU\VFDOH
VXEVXUIDFH FRQVWUXFWHG ZHWODQGV E\ HQKDQFLQJ
WKH DQDHURELF DPPRQLD R[LGDWLRQ :DWHU
6FLHQFH 7HFKQRORJ\
>@.DGOHF 5 + DQG .QLJKW 5 /  
7UHDWPHQWZHWODQGV
>@.DGOHF 5 DQG :DOODFH 6   7UHDWPHQW
ZHWODQGVQG(GLWLRQ%RFD5DWRQ&5&3UHVV
>@*DUFtD - $ 3DUHGHV ' DQG &XELOORV - $
 (IIHFWRISODQWVDQGWKHFRPELQDWLRQRI
ZHWODQG WUHDWPHQW W\SH V\VWHPV RQ SDWKRJHQ
UHPRYDO LQ WURSLFDO FOLPDWH FRQGLWLRQV
(FRORJLFDO(QJLQHHULQJ
>@*LNDV * ' DQG 7VLKULQW]LV 9 $   $
VPDOOVL]HYHUWLFDOIORZFRQVWUXFWHGZHWODQGIRU
RQVLWH WUHDWPHQW RI KRXVHKROG ZDVWHZDWHU
(FRORJLFDO(QJLQHHULQJ
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>@9\PD]DO -   7KH XVH RI VXEVXUIDFH
FRQVWUXFWHG ZHWODQGV IRU ZDVWHZDWHU WUHDWPHQW
LQ WKH &]HFK 5HSXEOLF  \HDUV H[SHULHQFH
(FRORJLFDO(QJLQHHULQJ
>@6KDR < 3HL +\ DQG +X :U  
1LWURJHQ UHPRYDO E\ ELRDXJPHQWDWLRQ LQ
FRQVWUXFWHG ZHWODQGV IRU UXUDO GRPHVWLF
ZDVWHZDWHULQDXWXPQ'HVDOLQDWLRQDQG:DWHU
7UHDWPHQW
>@'UHVFKHU ' +DVVHOEDFK 5 DQG 5DPSHQGDKO
&
 
Ä%HPHVVXQJVDQVDW]
IU
3IODQ]HQNOlUDQODJHQ LP 0LVFKV\VWHP ³ *:)
:DVVHU$EZDVVHU
>@%UXFK , )ULWVFKH - %lQQLQJHU ' $OHZHOO
8 6HQGHORY 0 +UOLPDQQ + +DVVHOEDFK
5 DQG $OHZHOO &   ,PSURYLQJ WKH
WUHDWPHQW HIILFLHQF\ RI FRQVWUXFWHG ZHWODQGV
ZLWK
]HROLWHFRQWDLQLQJ
ILOWHU
VDQGV
%LRUHVRXUFHWHFKQRORJ\
>@$O2PDUL $ DQG )D\\DG 0  
7UHDWPHQW RI GRPHVWLF ZDVWHZDWHU E\
VXEVXUIDFH IORZ FRQVWUXFWHG ZHWODQGV LQ
-RUGDQ'HVDOLQDWLRQ
>@$OEXTXHUTXH $ 2OLYHLUD - 6HPLWHOD 6 DQG
$PDUDO /   ,QIOXHQFH RI EHG PHGLD
FKDUDFWHULVWLFVRQDPPRQLDDQGQLWUDWHUHPRYDO
LQ VKDOORZ KRUL]RQWDO VXEVXUIDFH IORZ
FRQVWUXFWHG ZHWODQGV %LRUHVRXUFH WHFKQRORJ\

>@$NUDWRV & 6 DQG 7VLKULQW]LV 9 $  
(IIHFW RI WHPSHUDWXUH +57 YHJHWDWLRQ DQG
SRURXV PHGLD RQ UHPRYDO HIILFLHQF\ RI
SLORWVFDOH KRUL]RQWDO VXEVXUIDFH IORZ
FRQVWUXFWHG ZHWODQGV (FRORJLFDO (QJLQHHULQJ
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EVALUATING ECO-EFFICIENCY OF BEVERAGE
PACKAGING MATERIALS: A DATA ENVELOPMENT
ANALYSIS APPROACH
Petrovic B. Natasa*, Savic Gordana, Andrijasevic Dusan, Stanojevic Milan, Cirovic Marko, Slovic Dragoslav,
Jelena Andreja Radakovic
University of Belgrade ± Faculty of Organizational Sciences, 11040 Belgrade, the Republic of Serbia

the necessity for the reversal of the process of
environmental degradation and a shift towards
sustainable business practices appear in the last
decade [2]. Reflecting the principles of sustainable
development on harmonized economic growth which
is equivalent to the sustainable production and
consumption, show and emphasize the need to
moderate and rationalize the use of natural resources
in the creation and use of materials and products with
minimizing negative impacts on the environment.
Further on, this issue is particularly important when
considering the packaging. The reason lays in the
facts that packaging [3, 4]:
x has a short life span, so it rapidly enters the
waste stream in high numbers;
x contributes to the depletion of natural
resources.

ABSTRACT
Eco-efficiency represents a valuable instrument
for analysing the efficiency of the economic activities
relating to the consumption of nature's goods and
services. This is particularly important because
natural resources mean key characteristics of the
environment required to the sustainable economic
development and have a great value for the
humankind. Bearing this in mind, as well as the
significant environmental impact of packaging, the
authors introduced the data envelopment analysis DEA method, for evaluating eco-efficiency in the
case of beverage packaging. The results of the paper
indicate not only that DEA method can be adjusted to
the context of main beverage packaging materials
(glass, cardboard, polyethylene, PVC, Q pack, PET,
polycarbonate, tinplate and aluminium) but also that
DEA method could be a valuable tool for achieving
sustainable packaging manufacturing by providing
the most eco-friendly and sustainable choice of
material for beverage packaging. Moreover, the
obtained results show that polyethylene and glass
have the highest eco-efficiency due to the relatively
negligible impact on the environment and the
relatively high value added.

Therefore, many studies have shown the
necessity of investigating environmental effects of
packaging materials in the last decades [3]. For these,
many research approaches have been used, such as:
³questionnaire investigation, risk assessment,
environmental impact assessment, environmental
auditing, substance flow analysis, material flow
analysis and LCA´ [3], [5-7]. Bearing in mind that
growing need for sustainable practises in the
production of packaging leads to the debate on which
types of packaging materials are more or less friendly
to the environment [8], in this paper we introduced
data envelopment analysis - DEA method as a useful
tool for evaluating eco-efficiency in the case of
beverage packaging materials.

KEYWORDS:
Data envelope analysis; Eco-efficiency; Beverage
packaging materials; Eco-efficiency of beverage packaging
materials.

INTRODUCTION
Today, as never before, the stability of the
Earth's ecology is undermined due to the activities
carried out by the human species. ³+XPDQVXVHPRUH
energy, create more waste, and produce more air
pollutants than ever before. The most significant
impacts of such conduct are those that affect the
JOREDO FRPPXQLW\´ >1] An increased awareness of

MATERIALS AND METHODS
Data envelopment analysis (DEA) method can
be considered as a special operational research
method for measuring efficiency of complex entities
that have diverse inputs and outputs. Two well-known
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From this we can conclude that the obtained sequence
depends on the value of the inputs and outputs of
entities, and the values that are specified for the
weight coefficients. Unfortunately, in practice it is
difficult to evaluate the inputs and outputs and to
establish common set of weights, given that
individual entities assign different degrees of
importance to their inputs and outputs. Existence of
an objective method for determining the values of
weights would simplify the calculation of the
efficiency of the observed entities.
That is why DEA method, assumes that, when
assessing the efficiency of the entities, there might
not be an objective procedure for determining the
values of weights. It is important to emphasize that all
HQWLWLHV VKRXOG ³DJUHH´ (ones whose efficiency is
estimated), which are the inputs and outputs that
should be taken into account, and what are the
minimal acceptable values for the weight coefficients.
Also, with efficiency being expressed as a number
between 0 and 1, problem of scaling is solved
uniquely, hence HDFK HQWLW\ ³KDV WKH IUHHGRP´ to
determine the value of weights in a way that suits
them, in order to maximize its efficiency. This allows
subsequent analysis that shows which of observed
entities are efficient and which are not. Based on the
data of inputs and outputs, DEA method is used to
evaluate whether an entity that is being decided upon
is efficient or not, in comparison to the other entities
that are being included in the analysis, and whether
the entity is on the efficiency frontier. Moreover,
DEA method is a deterministic method, which
constructs linear approximation of the efficiency
IURQWLHU ³ELW E\ ELW´, based on the available set of
entities.
Further on, sustainable strategies for optimizing
the use of natural resources in more efficient way
play an especially important role and a primary
challenge of today's business world [15]. However,
making transparent decisions about development and
investment, that have optimal balance of effects for
sustainable
development,
i.e.
economic,
environmental and social development, is very
difficult, given that the concept of sustainability is not
clearly defined, and that there is no generally
accepted method for its operational research
quantification.
Eco-efficiency represents an instrument for
DQDO\VLV RI VXVWDLQDELOLW\ EHFDXVH LW LQGLFDWHV ³DQ
empirical relation in economic activities between
environmental cost or value and environmental
LPSDFW´ >15, 16]. Also, eco-efficiency is usually
defined as the ratio of economic value added to the
index of environmental load [16]:

features of DEA method are the structure of its
returns to scale and orientations in the efficiency
analysis [9]. DEA has been specialized for over thirty
years now and it can be said that it has become the
leading method for measuring performance
efficiency. Based on using DEA method, it can be
determined how inefficient entities ± DMUs
(Decision Making Unit), relative to efficient entities
are. DEA as a nonparametric approach to efficiency
measurement does not require any deeper knowledge
RI WKH SURGXFWLRQ SURFHVV RI WKH ³GHFLVLRQ PDNLQJ
XQLW´ '08  WR EH HYDOXDWHG )RU '($ HIILFLHQF\
valuations it suffices to choose appropriate inputs and
outputs and make some general assumptions about
the technology structure concerning convexity,
disposability and returns to scale [10]. In addition, by
using the DEA method, it can be concluded to what
extent and how to influence the individual inputs and
outputs of inefficient entities so that they become
efficient. A significant feature of DEA is that inputs
DQGRXWSXWVGRQ¶WKDYHto necessarily be of the same
kind, although it is necessary that the units, which are
evaluated in the framework of one analysis, each have
the same types of inputs and outputs.
DEA was developed to measure the efficiency
of the very sectors where outputs were not measured
in monetary units, but efficiency depends on the
quality and scope of services provided and the
relationship between the inputs and outputs of the
system are very complex and often almost impossible
to describe formally. It should be noted that the field
of application of the DEA method greatly expanded
in recent years, which has resulted in the development
of a large number of models and extension, suitable
for the analysis of a wide range of entities/units, on
the basis of various parameters, and hence gives us
ability to analyze productivity, monitor efficiency
over time, and the ranking of the observed entities
[11-13].
Case presented in this paper, deals with a
problem of aggregation of observed inputs/outputs
into one virtual input/output when determining the
efficiency of the entities. First we need to solve a
problem that is related to the expression of input and
output data in the range of values that are comparable
(normalization). Another issue relates to the
determination of the relative importance of individual
inputs and outputs (assigning weights or pondering).
In addition to assigning these weights there is a
problem in determining the efficiency of different
units, using the same types of inputs and producing
the same types of outputs. For a fixed set of common
weights it is possible to calculate the efficiency of
each of the observed units by using the efficiency
formula [14]. The calculated efficiencies can be used
as criteria for determining the order of the entities.
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environmental loads. Like in the case of green house
gases, we believe that it is often possible and
meaningful to aggregate individual pollutants that
contribute to the same environmental threat in the
same aggregate measure for the overall environmental
pressure using a priori conversion factor. By contrast,
loads that impact different environmental aspects,
affecting different
kinds
of environmental
deterioration
or
resource
depletion
are
incommensurable, meaning that these effects cannot
be aggregated uniformly by using objective
FRQYHUVLRQIDFWRUV´>17] Literature on efficient usage
of DEA method in ecology is abundant [18-20].

(1)

Environmental load

Unlike traditional DEA method, which is
typically focused on the cases in which the inputoutput prices are unknown, in this case it is assumed
that the total added value is known for all the
observed entities (in this case, organizations), even if
the specific prices are unknown in the analysis, so it
is being concluded that detailed data on individual
inputs and outputs (and their prices) are not necessary
[17].
In the given equation, for calculating ecoefficiency, the denominator stands out from most of
the DEA approaches, because it focuses on the
environmental load rather than on individual
unwanted outputs. Unwanted outputs of production
may include damaging of the nature and the
environment, increased consumption and depletion of
raw materials, energy consumption, pollutant
emissions to land, water and air, solid waste creation,
safety and toxicity, the effective return of recycling
and reusing. (For example, unwanted outputs of
production, such as carbon dioxide and methane
cause the same environPHQWDOSUREOHP³JUHHQKRXVH´
effect, leading to global warming. Numerous studies
have dHDOW ZLWK HIIHFWV RI GLIIHUHQW ³DLU HPLVVLRQV´
and with conversion factors for expressing different
gases as carbon dioxide equivalents. From an
environmental standpoint, the greenhouse effect is far
PRUH ³VLJQLILFDQW´ than amount of carbon dioxide in
the atmosphere, hence the various air emissions can
be aggregated on the basis of scientifically proven
conversion factors, in this case the aggregated
measures of environmental load in terms of climate
change as an input for the analysis of eco-efficiency.)
³7KHPRVWVLJQLILFDQWSUREOHPLQHFR-efficiency
measurement concerns the aggregation of various

RESULTS AND DISCUSSION
Generally observed, qualitative and quantitative
comparison of different packaging materials can be
done on the basis of their impact on the environment.
For the purpose of our research, we defined
quantitative assessment of the indicators of the level
of impact on the environment, based on the
qualitative classification in relation to the main
beverage packaging materials defined by Hailu et al.
[21]:
x Very great harmful impact on the
environment (mark: -3);
x Great harmful impact on the environment
(mark: -2);
x Relevant harmful impact on the environment
(mark: -1);
x Negligible impact on the environment (mark:
0);
x Relevant effective return (mark: +1);
x Great effective return (mark: +2).

TABLE 1
Eco efficiency evaluation elements
Glass
Cardboard
Polyethylene
PVC
Q pack
PET
Polycarbonate
Tinplate
Al

I1
-5
-4
-4
-10
-8
-6
-9
-7
-11

I2
0
-1
-1
-3
-1
-1
-2
-1
0

2960

O1
5,63
3,38
6,28
2,1
1,88
1,58
5,28
6,74
2,06

O2
5
3
3
0
4
4
0
3
5
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TABLE 2
Results obtained using DEA model
DMU
Glass
Cardboard
Polyethylene
PVC
Q pack
PET
Polycarbonate
Tinplate
Al

Model 1
E1
Rank 1
194.25%
1
72.02%
5
133.85%
2
1.58%
9
53.33%
7
68.57%
6
47.15%
8
80.10%
4
100.00%
3

Model 2
E2
Rank 2
114.55%
2
68.75%
4
133.00%
1
1.55%
9
36.46%
7
43.93%
6
45.06%
5
75.10%
3
35.76%
8

Overall impact evaluation of specific beverage
packaging materials, based on these indicators can be
done, as well as the evaluation of eco-efficiency using
DEA method, where for DMUj j = 1, ..., 9, glass,
cardboard, polyethylene, PVC, Q pack, PET,
polycarbonate, tinplate and aluminium are chosen.
Inputs xij, i = 1,2, I = 1, ..., 9 (as adequate
representation of environmental load, which includes
the total impact on the environment, both impact on
humans and impact on the ecosystem as a whole) are
calculated as follows: total impact on the environment
I1, toxicity and safety I2, while the outputs yrj, r = 1.2,
j = 1, ..., 9 represent: the profit per unit of product O 1
DQGVRFLDOEHQHILWVWRWKH³JUHHQ´PDUNHW22. The eco
efficiency evaluation elements are shown in Table 1.

I1
-5
-4
-4
0
-6
-5
-7
-3
-2

Target Values
I2
0
0.31
-1
0.00
0.64
0.56
0.55
0.25
0.64

Column Model 1, represents the efficiency
indexes of beverage packaging materials and their
ranks. According to this solution Al is treated as
efficient packaging material as it has low toxicity, and
it has absolute importance assigned to the assessment.
To prevent assigning higher significance to
parameters that would label packaging material as a
more efficient one we introduced additional
restrictions into the model to ensure higher
significance of I1 in comparison to I2, as well as
significance of O2 in comparison to O1.
According to the results of Model 2, Al was
rated highly inefficient (E = 35% << 100%), which is
understandable given the very great harmful impact
on the environment that it has long-term.
Polyethylene and glass have the highest ecoefficiency (due to the relatively negligible impact on
the environment and the relatively high value added).
Column containing target values shows to what extent
harmful impacts have to be reduced at given price
levels and social impact of certain beverage
packaging materials in order to become effective.
PVC materials are the least eco-efficient (1.55) and
their impact should be reduced for 98.45% in order to
become more efficient. For all other beverage
packaging materials targeted values are calculated in
the same way.

Basic preconditions for applying the DEA
method are homogeneity of units, the availability of
data and their non negativity. In the observed
example, these requirements are not met since units
that are selected are heterogeneous, but regarding that
their eco-efficiency is evaluated they can be
considered as being of the same type. The third
assumption is also violated. Problem of negative
values and the ways for overcoming it are discussed
in the DEA literature [22, 2, 23].
The problem could be solved by adding min xij i
i, j

= 1,2, j = 1, ..., 9 to all the inputs. In that case, their
values should be maximized and treated as unwanted
outputs [20]. In this study, a different approach is
used. Negative values are converted to positive by
using the function xij + 1 , i = 1,2, j = 1, ..., 9, and

CONCLUSIONS
On the basis of our research it may be concluded
that the Table 1 provides a preliminary insight on the
impact of main beverage packaging materials on the
environment and their ranks obtained by calculating
and evaluating their eco-efficiency. Different impacts
were compared for each packaging material (glass,
cardboard, polyethylene, PVC, Q pack, PET,

treated as inputs with decreasing tendency. The
results obtained by using the input-oriented DEA
models [13, 17] are shown in Table 2.
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a Proposal for a Directive of the European
Parliament and of the Council amending
Directive 94/62/EC on packaging and packaging
waste to reduce the consumption of lightweight
plastic
carrier
bags.
http://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX:52013SC0444.
>@ Hertwich, E.G., Pease, W.S. and Koshland, C.P.
(1997) Evaluating the environmental impact of
products and production processes: a comparison
of six methods. Science of The Total
Environment 196, 13 - 29.
>@ Finnveden, G. and Ekvall, T. (1998) Life-cycle
assessment as a decision support tool ± the case
of recycling vs. incineration of paper. Resources,
Conservation and Recycling 24, 235 - 256.
>@ Ayalon, O., Avnimelech, Y. and Shechter, M.
(2000)
Application
of
a
comparative
multidimensional life cycle analysis in solid
waste management policy: the case of soft drink
containers. Environmental Science & Policy 3,
135 - 144.
>@ NAPCOR. (1995) The Environmental Impact of
Soft
Drink
Delivery
Systems.
http://www.napcor.com/pdf/Env_Impact.pdf.
>@ Dalfard, V.M., Sohrabian, A., Najafabadi, A.M.
and Alvani, J. (2012) Performance Evaluation
and Prioritization of Leasing Companies Using
the Super Efficiency Data Envelopment Analysis
Model. Acta Polytechnica Hungarica 9(3), 183 194.
>@ Scheel, H. (2001) Undesirable outputs in
efficiency valuations. European Journal of
Operational Research 132(2), 400 - 410.
>@ Allen, K. (1999) DEA in the ecological context ±
an overview. G. Westermann (Ed.), Measuring
the Efficiency in the Private and Public Service
Sector, Gabler, Wiesbaden, 203 - 235.
>@ Boyd, G.A. and Pang, J.X. (2000) Estimating the
linkage between energy efficiency and
productivity. Energy Policy 28, 289 - 296.
>@ Cook, W. and Zhu, J. (2005) Modeling
Performance Measurement: Applications and
Implementation Issues in DEA. Springer.
>@ Ramanathan, R. (2003) An Introduction to Data
Envelopment Analysis: A Tool for Performance
Measurement. Sage Publications, New Delhi.
>@ Mickwitz, P., Melanen, M., Rosenström, U. and
Seppälä, J. (2006) Regional eco-efficiency
indicators: a participatory approach. Journal of
Cleaner Production 14, 1603 - 1611.
>@ Zhang, B., Bi, J., Fan, Z., Yuan, Z. and Ge, J.
(2008) Eco-efficiency analysis of industrial
system in China: a data envelopment analysis

polycarbonate, tinplate and aluminium) where it is
obvious that the comparison is not always possible on
the basis of simple digits. Sometimes, certain data is
available for one material, but not for another, and
influences are so different that they are difficult, if not
impossible, to compare.
Besides, the selection of beverage packaging
based on materials used, would be possible on the
basis of reliable figures when clear guidelines are set
for:
x Depth analysis (Which of the impact has to
be taken into account, and which does not?);
x Processing methods (Which of the
production processes should be taken as the norms?);
x Quantification methods (Are there standards
for comparison of environmental impacts?).
Global assessment should include a gradation in
³PHDVXULQJ´ GLIIHUHQW WRWDO impacts on the
environment. Although this approach of evaluation
would depend on the accepted goals, classification of
³PHDVXUDEOH´ HQHUJ\ FRQVXPSWLRQ GHSOHWLRQ RI UDZ
PDWHULDOV HPLVVLRQV UHF\FOLQJ  DQG ³OHVV
PHDVXUDEOH´ VROLG waste, damage to nature, safety
and toxicity) is considered quite acceptable.
Based on the obtained results we concluded that
using the DEA method in the evaluating of ecoefficiency of beverage packaging materials is a
valuable tool and a possible solution for achieving
sustainable manufacturing by creating a strategy for
sustainable choice of packaging material as well as
purposing the introduction of more recycling of large
quantity of cardboard, PET and other packaging
materials that are currently eco-inefficient. Finally we
can concur that designing and manufacturing more
eco-friendly and sustainable packaging and packaging
materials have to be a production principle for the 21 st
century that seeks to redesign the way that natural
resources, materials and energy flow through society
[24, 25].
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seeds are natural resource for several bioactive
composites. [1-3]. Consumption of edible parts of
L. siceraria is encouraged by traditional therapists
for regulatory diabetes mellitus, hypertension, liver
diseases, weight loss and other associated benefits
[4]. An ethanolic extracts of fruiting bodies have
effectiveness as hepatoprotective, antioxidant,
antihyperglycemic,
immunomodulatory,
antihyperlipidemic and cardiotonic agents [2].
Addition, several crud alcoholic extracts of leaves
and stems possess repellency effect against Culex
pipiens L. mosquito [5]. A numerous pure
biological compounds were isolated from L.
siceraria such as 3 beta-O-(E)-coumaroyl-D:Cfriedooleana-7,9(11)-dien-29-oic acid and 20epibryonolic acid which purified from crud
methanol extract stem of L. siceraria and were
chosen as potential anticancer agent [6], other
important of glycosides (such as periplogenin)
extracted and purified from the vegetables were
suggested as protective agent against thyrotoxicosis
and associated cardiovascular problems [7]. L.
siceraria may has role in skin cancer
chemoprevention [8] and is considered a significant
renew resource for a water-soluble polysaccharides
which showed cytotoxic activity in vitro against
human breast adenocarcinoma cell line [9]. On the
other side, when consumption of bitter bottle gourd
especially the fresh juice of fruiting bodies, some
pathogenic symptoms such as diarrhea, vomiting,
gastrointestinal toxicity with hematemesis and
hypotension are recorded due to their content of
numerous steroid compounds derived from
cucurbitane complexes [4,10-12]). The studies of
fruiting bodies of Lagenaria siceraria (Molina) as a
natural resource for antimicrobial agent are
infrequent depending on the research in Pubmed
(NLM) database. The present research aimed to
evaluate the activity of some crud alcoholic extracts
and semi-pure extracts isolated from fruiting bodies
of L. siceraria as antimicrobial agent against some
antibiotic resistant clinical microorganisms.

ABSTRACT
The stems, leaves and fruiting bodies of L.
siceraria is considered a renewable natural resource
of a several biological active compounds. The aim
of present study was extraction of a novel antibiotic
agent inhibit to some antibiotics resistant clinical
microorganism. The fruit bodies of L. siceraria
collected from local market in Riyadh city, Saudi
Arabia. The dried fruiting bodies was extracted with
n-hexane, chloroform, methanol in a sequential
manner. The biological active test showed that the
crud chloroform extract was the best among other
crud extracts, so it fractionated by silica gel column
using chloroform (15): Methanol (1): n-hexane
(16). The purity and biological test were performed
to choice the pure, active fraction for following
studies. The susceptibility test and infrared analysis
were carried out. The results indicated that fraction
number 3 (NF-3), was good inhibitor against
antibiotic resistant bacteria (Bacillus cereus,
Pseudomonas vulgaris, Klebsiella pneumonia,
Streptococcus mutans and Escherichia coli.) and
Candida albican whereas had not any activity
against Salmonella typhimurium and Aspegillus
niger. NF-3 was semi-pure compound containing a
many of functional groups such as N=O, C-O, C=O
ester, ketone and C-H aldehyde. The data suggested
that the fruiting bodies of Lagenaria cineraria
(Molina) are considered a good renewable natural
resource for antimicrobial agents.

KEYWORDS:
Lagenaria, cineraria, antimicrobial, resistant.

INTRODUCTION
Lagenaria
siceraria
(Molina)
Stanl.,
(synonym Lagenaria vulgaris Ser.) is an edible
plant follows the Cucurbitaceae family and known
as bottle gourd. Traditionally, it`s leaves, stems and
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in column chromatography. Also, a purity of active
fractions was checked by TLC after loaded on
column chromatography. Pre-coated TLC-plates
SIL G-25 UV245 (Macherey-Nagel GmbH and KG,
Germany) and Silica gel 60 (0.015-0.040 and 0.0400.063 mm mesh size, Merck) were used in TLC and
column chromatography, respectively. TLC results
showed that the better solvent system to separate
the crud chloroform extract was chloroform (15):
Methanol (1): n-hexane (16). The crud chloroform
extract was loaded onto the silica gel column and 7
fractions were eluted with the previous solvent
system. An activity test of fractions as antimicrobial
agent against B. cereus indicated that fraction
number 3 (FN-3) had biological activity. The purity
of FN-3 was checked by three solvent system
[chloroform (15): Methanol (1): n-hexane (16),
chloroform (9): Methanol (1): n-hexane (10). And
chloroform (3): Methanol (1): n-hexane (4)] on Precoated TLC-plates SIL G-25 UV245 and a primary
chemical analysis was performed by Infrared
spectroscopy (Detector: DTGS KBr).

MATERIALS AND METHODS
Preparation of crud extracts. The fruit
bodies of L. siceraria collected locally were
washed, dried under shade and ground into a fine
powder using electric blender. Soxhlet equipment
was used for extraction (Electrothermal, UK). The
powdered fruit bodies (60 g) was charged in to
Soxhlet apparatus and extracted by n-hexane
(300 mL), after completion of extraction the
extracted powder was dried under shade again then
extracted by chloroform (300 ml), after that the
extracted powder also was dried and extracted by
methanol. The solvents were removed from three
extracts by rotary vacuum evaporator (IKA RV 10,
Germany). The crud concentrated extracts were
preserved at -4 °C for further studies and analysis.
Preliminary test. To determine the in vitro
antimicrobial activities of crud extracts against
antibiotic resistant clinical microorganisms using an
agar diffusion assay. Bacitracin and penicillin G
resistant clinical microbial isolates were obtained
from botany and microbiology department, collage
of science, King Sued University. The
microorganism test included Bacillus cereus,
Pseudomonas vulgaris, Klebsiella pneumonia,
Salmonella typhimurium, Streptococcus mutans,
Escherichia coli. Addition, Candida albican and
Aspergillus niger were tested. An agar well
diffusion assay was performed according to [13].
Wells were created by 6 mm cork borer on surface
of molten nutrient agar inoculated by the activate
microorganisms. A forty μl of crud extracts was add
into well. The medium was incubated at 37 °C for
20 hours then the zone of inhibition was recorded.
The crud chloroform extract had a high activity as
antimicrobial agent so it was chosen in next
fractionation and purification stages.

Antimicrobial activity determination of FN1. Antimicrobial activity of FN-1 were studied by
an agar well diffusion assay according to [13]. A
standard antibiotics discs (Matring-S, Mast group
Ltd., Merseyside, U.K) were used in this test to
compare. Mastring-S contains eight standard
antibiotics
(Bacitracin,
Chloramphenicol,
Cotrimoxazole, Gentamicin, Neomycin, Polymyxin
B, Penicillin G and Tetracycline). Standard
antifungal caspofungin was also used for C.
albicans and A. niger.

RESULTS AND DISCUSSION
The results in Figure 1 showed that the
antimicrobial activity of the three crud alcoholic
extracts against the test clinical microorganisms
varied, considerably.

Fractionation and purification. A thin layer
chromatography (TLC) was used to improve the
solvent mixture that would be used as mobile phase

FIGURE 1
Efficacy of crude alcoholic extraction from fruiting bodies of Lagenaria siceraria (Molina) against clinical
microbial isolates
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FIGURE 2
Comparison between efficacy of crude chloroform extraction and of semi-pure compound (NF-3) isolated
from fruiting bodies of Lagenaria siceraria (Molina) against clinical microbial isolates

The crud extract of n-hexane and methanol only
inhibited B. cereus (The inhibition regions were 8
mm and 18 mm, respectively) whilst the crud
chloroform extract inhibited all the test microbes
(The inhibition zones ranged from 8 to 12 mm.)
except for Sa. typhimurium and A. niger.
The spots on TLC indicted that the crud
extract of chloroform could be separated into nine
fractions with a solvent system containing of
chloroform (15): methanol (1): n-hexane (16). This
solvent system fractioned the crud chloroform
extract into 7 fractions on Silica gel 60 column. The
biological activity test evidenced that the fraction 3
had ability to inhibit B cereus (inhibition zone was
15 mm). The purity test of fraction 3 showed only
one spot (The retention factor (Rf) was 0.45) on
pre-coated thin layer chromatography silica gel [Rf
is defined as the distance traveled by the compound
divided by the distance traveled by the solvent].
The data in Figure 2 showed that an efficient
inhibition of test microorganisms by FN-3 (semipure compound) was more than the crud chloroform
extracts. 600 μg/well of FN-3 was sufficient to
inhibit B. cereus, Ps. vulgaris, Kl. pneumonia, S.
mutans, E. coli, C. albican whereas Sa.
Typhimurium and A. niger were not affected.
The comparison between the inhibitory ability
of FN-3 and standard antibiotics [Bacitracin (10
units), Chloramphenicol (30 μg), Contrimoxazole
(25 μg), Gentamicin (10 μg), Neomycin (30 μg),
Polymyxin B (300 units), Tetracyclin (30 μg),
Penicillin G (10 unit) and Caspofungin 16 μg)] was
documented in the Table 1. The data showed that
inhibition zones (mm) of B. cereus, Ps. vulgaris, Kl.

pneumonia, S. mutans and E. coli resulted by NF-3
(600 μg/well) were 16, 15, 12, 0, 15, 15 mm
respectively, while were 13, 11, 15, 10, 16 and 0
mm by Polymyxin B (300 units). Also, the results
in previous table presented that the caspofungin (16
μg/disk) inhibited C. albians and A. niger whereas
NF-3 only inhibited C. albicans.
IR spectrum showed a strong transmittance at
1739.26, 1712.47 (stretch ester and ketone,
respectively), 2855.12 (CH aldehyde), 2924.90 (sp 3
CH stretch) and 1460.25 (N=O). An intensity of sp3
CH stretch and C-H aldehyde were 1.983 and
2.532, respectively whereas of stretch ester and
ketone were 3.395 and 3.320, respectively. The
results indicated that the main functional chemical
groups were CH stretch and C-H aldehyde.
Stems, leaves and fruiting bodies of L.
siceraria are considered a renew natural resource of
a several biological active compounds such as
ribosome-inactivating
protein
[14],
D:Cfriedooleanane-type triterpenoids [6], phenolic and
flavonoid compounds [15], methyl galacturonosylmethoxyxylan [16], and hypolipidemic and
antihyperlipidemic compounds [17]. The major
objective in this work was extraction and
purification a pure antimicrobial agent from fruiting
bodies of L. siceraria. A world health organization
(WHO) reported that "The infections caused by
resistant microorganisms often fail to respond to the
standard treatment, resulting in prolonged illness,
higher health care expenditures, and a greater risk
of death" [18].
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13
11
15
10
16
0
NT
NT

20
28
22
8
8
10
NT
NT

0
0
0
0
0
0
NT
NT

Caspofungin (16 μg)

Penicillin G (10
unit)

20
24
15
15
22
20
NT
NT

Tetracycline (30 μg)

20
24
15
15
22
20
NT
NT

Polymyxin B (300
units)

Neomycin (30 μg)

20
0
0
10
0
0
NT
NT

Gentamicin (10 μg)

B. cereus
15.6*
0
25
P. vulgaris
14
0
22
K. pneumonia
11.3
0
20
Sa. typhimurium
0
0
16
St. mutans
16
0
20
E. coli
14.3
0
20
C. albicans
18.6
NT
NT
A. niger
0
NT
NT
*Zone of inhibition (mm), **NT= Not tested.

Contrimoxazole (25
μg)

Chloramphenicol
(30 μg)

Bacitracin (10 units)

Semi-pure
compound (FN-3)

TABLE 1
Effectiveness of semi-pure compound (NF-3) isolated from fruiting bodies of Lagenaria siceraria (Molina)
against clinical microbial isolates comparing with some standard antibiotics.

NT
NT
NT
NT
NT
NT
20
25

Contrimoxazole is extensively used for treatment of
urinary tract infections and is one of the latest
typical drugs for acute uncomplicated bacterial
cystitis in women [24] but in the last period the
researcherwas observed that the urinary tract
bacteria resistant to contrimoxazole are increasing
universal. Some studies reported that there a
significant increase of E. coli resistance to
contrimoxazole isolated from tuberculosis patients
[25] and acute uncomplicated bacterial cystitis [24].
In this work, the results indicated that the NF-3 is
good antimicrobial agent against contrimoxazole
resistance E. coli. A. niger as example for
filamentous fungi did not inhibit by NF_3 compare
to single cell fungi (C. albicans yeast). The
inhibition zones resulted by caspofungin against
tested fungi were typical. There was not a giant
variance between the caspofungin and NF-3 as anticausative candidiasis agent. The purification stage
was performed by silica gel chromatography and
the purity of NF-3 was only checked by TLC, for
this reason we are recognize that our work was an
initial research and NF-3 was semi-pure compound
containing a many of functional groups such as
N=O, C-O, C=O ester, ketone and C-H aldehyde.

The fruiting bodies of L. siceraria are widespread
in Saudi Arabia and other countries. The consumer
almost know this plant as vegetable do not use it`s
stem or leaves. The results indicated that the
chloroform solvent was the best to extract the
antimicrobial agents from fruiting body powder of
L. siceraria, on the other hand The many of studies
confirmed that their crud methanol and ethanol
extracts are considered natural resources for other
biological compounds such as anti-compulsive
(anti-OCD) activity [19], fibrinolytic agent [20] and
antioxidant agent [15,21]. An extraction of crud
extracts from any natural resource is very easy but
their activity almost are lower than pure fractions.
The activity of semi-pure fraction (NF-3) against
test clinical microorganisms was more than of crud
extract and the highest activity was against C.
albicans yeast. Those result agreed with extraction
and purification guidelines which decided that the
more purification steps means high activity, purity
and cost, opposite low the yield. Salmonellosis is
one of the most public and widely circulated
foodborne diseases. The emergence of Salmonella
strains that are resistant to a variety of
antimicrobials is a serious global public health
concern [22]. In this results, Sa. typhimurium
demonstrated a resistant to contrimoxazole,
polymyxin B and tetracycline, also it not inhibited
by bacitracin, penicillin G and NF-3. Bacitracin,
contrimoxazole and penicillin G did not inhibit S.
mutans while NF-3 inhibited it more than
tetracycline. This results proposed that chloroform
extracts of L. siceraria fruiting bodies could be
renew resource for anti-tetracycline resistant S
mutans strain (Tetracycline resistance gene tet(O)
was detected in S. pneumonia, S. mutans,
Campylobacter coli and C. jejuni [23]).

CONCLUSIONS
In this work, the results suggested that the
chloroform solvent was the best among of the three
solvents were used and the chloroform (15):
methanol (1): n-hexane (16) system solvent was
suitable to purification of NF-3 as a novel
antimicrobial agent. The NF-3 isolated from the
fruiting bodies of L. siceraria showed a good
activity against bacitracin, contrimoxazole,
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penicillin G or polymyxin B resistant clinical
microorganism isolates. The data concluded that the
fruiting bodies of L. siceraria are considered renew
natural resource of antimicrobial agents against
some resistant pathogenic microorganisms.
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INFLUENCE OF ALKALI CATALYSTS ON THE
SUPERCRITICAL WATER GASIFICATION OF
CYANOBACTERIA
Huiwen Zhanga, Wei Zhua, Miao Gonga, Yujie Fana
a

College of Environment, Hohai University, P.R. China

would consume a mass of time and work in the
process. Due to the high water content of
cyanobacteria, the anaerobic fermentation and
thermal treatment results in low treatment efficiency
and engineering value. Given the properties of
dissolving capacity and oxidbillity of organic matters
in supercritical water, SCWG technology has been
extensively used to treat wet biomass with
characteristics of high moisture and organic matter
content, which can provide sufficient water and high
solubility to get supercritical status. Nature changes
harmful organic matter into stable products. Thus,
clean and efficient H2 energy is produced, and waste
treatment and energy utilization are achieved.
Accordingly, supercritical gasification has been
widely applied in waste biomass processing and
utilization, including municipal sludge [2-5], kitchen
waste [6-8], sawdust, and agricultural straw [9,10].
Thus, SCWG technology was a possible option to
achieve cyanobacteria processing and utilization.
Due to the extreme operating conditions of
SCWG, catalysts addition had been studied and
applied at lower reaction temperature and pressure.
Alkali catalysts with high catalytic efficiency had
been known in the early 1940 s by researchers. Elliott
et al.[11-13] firstly did research about effects of
alkali catalysts on the water gas shift reaction. On the
EDVHRI(OOLRW¶VVWXG\FRPELQHGZLWKFDWDO\VLVHIIHFWV
of KOH on pyrocatechol and glucose, Kruse et al.[14,
15] presented the chemical equation as (1-5) to (1-8).
,W¶V DOVR FRQVLGHUHG WKDW NaOH addition inhabited
coke production, and enhanced gas production of
sewage sludge during the process of SCWG in Zhang
HWDO¶VVWXGLHV>@:DWDQDEHHWDO>@XVHGOLJQLQDV
the feedstocks of SCWG, NaOH addition increased 4
times of H2 yield. NaOHǃKOHǃCa(OH)2ǃNa2CO3ǃ
K2CO3 and NaHCO3 were selected as catalysts in the
SCWG of glucose in Muangrat¶s study[21], itÿs
found that these materials could enhance gas and H2
productions to some extent, the sequence of catalytic
effects on H2 production was listed as follow:

ABSTRACT
The paper focused on enhancing hydrogen(H2)
production by addition of alkali catalysts, based on
that cyanobacteria could be used as a ideal feedstock
of supercritical gasification(SCWG). We studied the
influence and mechanism of alkali catalysts in the
SCWG process of cyanobacteria from the angle of
loading and types of alkali catalysts. Our results
indicated that some alkali catalysts could promote
yield of H2 to a great extent, the H2 yield reached
17.50 mol/kg dry cyanobacteria at 500 oC, 22 MPa,
30 min and 5.0% catalysts loading; two obvious stage
features were showed in the changing process of
catalysts loading: the enhancement of gas production
and the enhancement of H2 production; the catalysis
of promoting H2 production was determined by both
hydroxide ion and types of metal ions.
KEYWORDS

alkali catalysts, supercritical water, gasification,
cyanobacteria

INTRODUCTION
Many academic and material resources have
been applied to control the widespread eutrophication
in the lakes of China, such as Taihu, Dianchi, and
Chaohu, is of great concern. However, this
phenomenon leads to the large-scale outbreak of
Cyanobacteria every year as before. Salvage has
become a conventional measure of treating
Cyanobacteria accumulated on the water surface. In
2010, about 100 boats were used and 670 000 t
Cyanobacteria
slurry
were
captured
[1].
Cyanobacteria slurry is characterized by numerous
microcystis cells as well as high moisture, organic
matter, N, and P contents.
The engineering technology of cyanobacteria
was mostly built on dewatering operation, which
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NaOH > KOH > Ca(OH)2 > K2CO3 > Na2CO3 >
NaHCO3, the salt basicity of intermediates containing
alkali metal ions was considered as a reason of
catalytic effect. Lin et al.[18, 19] selected CaO as
reaction catalyst and CO2 capture, presented a new
technology of HyPr-RING(Hydrogen production by
reaction integrated novel gasification), both the yield
of gaseous products and the purity of H2 were
optimized.
The paper used cyanobacteria as feedstocks of
H2 production, attempted to solve the safety disposal
of cyanobacteria and achieve abundant H2 production
concurrently.
Around the enhancement of
cyanobacteria gasification, alkali catalysts were
selected to launch the catalysis in the process of
SCWG. We analysis the influences of catalysts
addition on SCWG of cyanobacteria, and explored
the mechanism of deferent types of catalysts.
Furthermore, the inhibition situation of coke by alkali
catalysts addition was defined, as well as the forms
and distributions of carbon elements in three-phase
products.

Experimental Procedures. The tube-reactor
with a preset sample loading was placed in the oven
and heated to a preset temperature. Timing was
started when the temperature became stable. After
continuous monitoring for a predetermined duration,
the reactor was removed from the oven and rapidly
cooled down to room temperature using an electric
fan and cold bath. The cooled procedure took 20±30
min generally. Gas sample was collected by a 20 mL
syringe equipped with a three-way valve. The
remaining gas volume was measured by the discharge
volume of saturated NaHCO3 solution. The reactor
was unloaded and the residue was then collected and
separated by high-speed refrigerated centrifugation at
10 000 r/min. The aqueous product was preserved at
0±4 °C. Solid residue was gathered, milled after
drying at 80 °C, and tested for subsequent
composition analysis.

MATERIALS AND METHODS
Experimental Materials and device. The test
device was made of stainless steel 316, which was
designed to withstand a maximum temperature of
600 °C and a maximum pressure of 30 MPa
respectively. The volume capacity of the reactor was
100 mL. The cyanobacteria slurry used in the tests
was collected from Wuxi Taihu Lake Yangwan
water-algae
separate
station.
The
floating
cyanobacteria achieved after standing in May. The
feedstock was stored in the refrigerator at -20 °C, and
then naturally thawed before the SCWG reaction. The
FIGURE 1
raw features of Cyanobacteria are shown in Tab. 1.
Schematic
diagram
of the experimental apparatus
The test feedstock was without using any
pretreatment, such as dewatering and moisture
addition.
TABLE 1
Properties of raw cyanobacteria.
Water
content

VM

Proximate analysis
FC

Ash

96.15

81.59

3.00

15.41

TN

NH3-N

TP

DRP

C

N

S

H

O

HHV

3268

619.95

180.63

0.0887

42.635

7.8615

0.9235

6.8775

26.3125

19.687

Carbohydrates (wt%)b

Lipids
(wt%)b

Proteins
(wt%)b

TOC
(mg/L)a

22.05

4.00

40.54

93320

a

Based on a wet weight.

b

On a dry basis.

c

High heating value (HHV) calculated by Dulong formula, HHV (MJ/kg) = 0.3383C + 1.443˄H-O/8˅+ 0.0927S.
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Gas composition was determined using a gas
chromatograph (Nanjing Kejie GC5890A) equipped
with a thermal conductivity detector (TDC). Nitrogen
served as the carrier gas and the flow rate and the
pressure were 30 ml/min and 0.5 MPa respectively;
the column temperature was maintained at 353 K; the
temperature of both the injector and detector
temperature were 393 K. The analytical method was
simple and effective for detecting H2, CO, CH4, CO2,
and other light organic gases. A Shimadzu
TOC-VCPH analyzer and a SSM-5000 analyzer were
used to detect the TC and TOC of the liquid products
and solid residue, respectively.

CH4 accordingly, the reactions mainly occurred in
this stage which were listed from 1-5 to 1-9, the
media materials enhanced the water-gas shift
reaction, such as sodium formate and sodium acetate.
The mediation of intermediate enhanced the
water-gas shift reaction and H2 production, the high
concentration of reactant enhanced methanation
reaction, the yield of CH4 rise accordingly. 
The CO product, generated in the process of
steam reforming reaction, formed sodium formate by
the catalytic function of alkali catalysts, and finally
transferred to CO2 and H2, thus achieved the
objective of H2 production optimize. CO2 product
captured by surplus NaOH, converted to carbonate or
bicarbonate that distributed in the liquid phase and
solid residue. When NaOH loading was low, NaOH
addition destroyed cell structure of cyanobacteria,
enhanced the generation of intermediates easy to
gasification, a mass of CO and CO2 produced in this
stage; the continuous increase of catalysts loading
resulted in the rapid decrease of CO and CO2
contents, CO2 were captured by surplus alkali
catalysts, and CO were reacted to enhance H2
production in the process of the water-gas shift
reaction

Aiming at reducing the activation energy of the
reactions, catalysts transfer the original hard reaction
to some reactions which are easy or quick occurred. 7
kinds of alkali catalysts were used in this article to
enhance H2 production from SCWG of
cyanobacteria, include NaOH, KOH, Ca(OH)2,
Na2CO3, K2CO3, NaHCO3, K2S.
Effects of alkali catalysts loading on gaseous
products. ,W¶V H[WUHPHO\ QHFHVVDU\ WR UHVHDUFK WKH
effects of alkali catalysts loading on the process of
SCWG of cyanobacteria, the reaction mechanism of
alkali catalysts could be clearly reflected. The
viewpoint that alkali catalysts enhanced the water-gas
shift reaction in the process of SCWG was generally
accepted. NaOH was used as typical alkali catalyst to
demonstrate the mechanism deeply.
Fig. 2 shows the effects of NaOH addition
loading on gaseous products from SCWG of
cyanobacteria. The yield of H2 and CH4 improved
obviously with the increase of NaOH loading,
moreover, CO2 and CO production was weaken; the
yield of H2 could reach up to 17.0 mol/kg at 5.0%
catalyst loading, 500oC, 30 min and 22.0 MPa. As a
result of the restrict of gaseous phase yield, the
enhancement of alkali catalyst for H2 production was
close to the limit. We can also find out that the
process of catalytic gasification showed remarkable
reaction stages with the improvement of NaOH
loading. The first stage appeared when the catalyst
loading was controlled at 0.0% to 0.5%, NaOH
addition enhanced the total gaseous production, H2
and CO production was improved obviously; then the
reaction turned into the next stage when the NaOH
loading continued to increase, the yield of CO and
CO2 decreased rapidly, and transformed into H2 and
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FIGURE 2
Effects of NaOH addition on total gas production
Effects of catalysts loading on C forms and
distributions. The effects of NaOH loading on
carbon form and distribution at 500oC, 30 min and
22.0 MPa were shown in Fig. 3. We could see clearly
that the trends of TOC and IC contents were similar
to the trend of gas production in the reaction process
of NaOH addition, two obvious reaction stages were
shown. TOC and IC contents in the liquid products
dramatically reduced, then gradually increased with
the increase of NaOH loading. Combining with the
similar trends of TOC and IC contents, NaOH
addition effectively transferred the organic matters in
the liquid products to gas phase, so TOC contents
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decreased in the first reaction stage, as well as IC
contents; the yield of CO, CO2, and CH4, which were
raise shapely in Fig. 2. In the second stage, surplus
NaOH captured CO2 to generate carbonate in the
liquid phase, so IC contents of liquid phase generally
increased at high NaOH loading. The increase trend
of TOC contents may be related to the migration of C
element in the three-phase products, the TOC and IC
contents of solid residue were necessary to detected
for subsequent analysis and discussion.

SCWG of cyanobacteria shown in the changing
process of NaOH loading. The change of CO and
CO2 production caused the two changing states of C
in gas phase. Besides, the C of cyanobacteria mainly
concentrated in solid residue of SCWG, coke and tar
were still the main existing form.

Carbon recovery (%)

50

S-TOC
S-IC

40
30
20
10
0
0.0

1.0
2.0
3.5
NaOH addttion (%)

5.0

FIGURE 4
The forms and distributions of carbon recovery in
solid residue at different NaOH addition

FIGURE 3
The forms and distributions of Farbon recovery in
liquid product at different NaOH addition

Two reaction stages showed in the SCWG
process of cyanobacteria with the increase of
catalysts loading, low NaOH loading enhanced the
more complete decomposement of cyanobacteria cell,
and TOC in liquid products transformed to gaseous
products ,such as CH4 ǃ CO2 and CO etc. With
increase of catalysts loading, H2 and CH4 generated
during the rapid decrease of CO and CO2 yield, some
hard-degraded organic intermediates in solid residue
decomposed and concentrated in liquid phase, and
inhabited the generation of coke to some degree. The
mechanism of NaOH in the reaction process of
gasification of cyanobacteria enhanced H2 production
including several parts, at first, NaOH addition
destroyed the cell construction and the chemical bond
of macromolecule organic matters for easy gasify; the
mediation of formates and acetate enhanced the
water-gas shift reaction; moreover, CO2 was captured
by surplus NaOH, the equilibrium in the water-gas
shift reaction would be affected and produced more
yield of H2.

Fig. 4 showed the effects of NaOH loading on carbon
recovery in solid residue at 500oC, 30 min and 22.0
MPa. TOC contents of solid residue generally
decreased from 50% to 10% with the increase of
NaOH loading. Because of the increase of carbonate
ion reacted with mental ions of cyanobacteria cells,
such as calcium and magnesium ions, etc. The
generation of sediment raised the IC contents of solid
residue accordingly. With the increase of catalysts
loading, the continuous decrease of TOC content in
solid residue illustrated that some hard-degraded
organic intermediates of liquid products were
decomposed into short chains organics in the SCWG
process of cyanobacteria, so the TOC contents of
liquid phase showed the second reaction stage. 
Through the percentage calculation of C in
three-phase products, effects of NaOH loading on the
distributions of C of three-phase products were
shown in Fig. 5. We could see that two stage of C in
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shift of water-gas shift reaction, more and more CO
and H2O reacted to generate H2 and CO2, surplus
hydroxyl ion further reduced CO2 contents in gaseous
products. The yields of total gas and H2 with
Ca(OH)2 additions were far below than NaOH and
.2+DGGLWLRQVLW¶VPDLQO\EHFDXVHRIGLIIHUHQWW\SHV
of metal ions generated different types of formate and
acetate, the chemical potential energies of these
intermediates were of large difference, some
intermediates were hardly to degrade for catalysis
gasification, including calcium formate, calcium
acetate and calcium carbonate etc. To some extent,
the phenomenon of catalysis failure emerged in the
gasification process of cyanobacteria. The differences
of alkali catalysts were determined by both hydroxyl
ions and metal ions in the process of SCWG.
In addition, we sorted the enhancement of CH4
production as follow: Na2CO3 >NaOH > K2CO3 >
KOH, the CH4 production mainly generated in
methanation reaction which occurred in the late
reaction process of SCWG. Both CO and CO 2 could
combined with H2 to produce CH4 and H2O, the
contents of CO, CO2 and H2 determined final CH4
contents in gas phase.

Oil+loss
Solid residue
Liquid
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FIGURE 5
Effects of NaOH addition on the distribution of
Carbon of Cyanobacteria in three-phase
productsEffects of alkali catalysts types on SCWG
Fig. 6 showed effects of alkali catalysts types on
the gas phase from SCWG of cyanobacteria at
500oC, 30 min , 22.0 MPa and 5.0% of catalysts
loading. The left figure illustrated effects of alkali
catalysts addition on gaseous products production,
including H2, CO and CH4, etc. Consider this from H2
production, not all types of alkali catalysts could
enhance H2 production from SCWG of
cyanobacteria, we sorted the H2 production
enhancement abilities of alkali catalyst as follow:
NaOH > KOH > Ca(OH)2 > Na2CO3 > K2CO3 >
NaHCO3 > K2S; combined with changing CO2
production showing in the right figure, Na2CO3 and
K2CO3 could achieve a relatively higher total gas
yield than NaOH and KOH addition, but CO2
contents accounted a higher percentage and the yield
of H2 was relatively lower. NaOH and KOH could
capture the generated CO2 and enhanced the right
18
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Through alkali catalysts addition in the process
of SCWG, the paper discussed the effects of catalysts
loading and types on the gaseous products of
cyanobacteria, the mechanism of H2 production
enhancement and coke inhibition were also analyzed
from the carbon form and distribution in three-phase
products. Key findings of the paper included:
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K2S3 Ca(OH)2 NaOH

Types of catalytic

FIGURE 6
Effects of types of alkali catalyst on gaseous product as same reaction condition
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Not all alkali catalysts could enhance H2
production in the SCWG process of cyanobacteria,
carbonate and bicarbonate could produce more total
gaseous product, and strong alkali could get better H2
production.
Two obvious reaction stages were shown in the
changing process of NaOH addition loading: the
enhancement of total gas production and H2
production; two reaction mechanisms were involved,
the destroy of cell structure and the enhancement of
water-gas shift reaction.
We sorted the H2 production enhancement
abilities of alkali catalyst as follow: NaOH > KOH >
Ca(OH)2 > Na2CO3 > K2CO3 > NaHCO3 > K2S; the
differences of alkali catalysts were determined by
both hydroxyl ions and metal ions in the process of
SCWG.
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performance of CoOOH, doping along with
appropriate cations offers among the simplest ways
>@ %\ WKH FRQWURO RI &R22+¶V PRUSKRORJ\ and
reducing its size and purity, the electronic and catalytic
performance of CoOOH can also be enhanced. The
lack of gas selectivity for CoOOH sensor,
however, is a disadvantage as a semiconductor gas
sensor [6]. Many studies have been proved that
photonic crystal (PhC) consisting of various inorganic
materials can differentiate organic solvents particularly
well [7]. Therefore, research has towards naturally
occurring PhC structures for inspiration.
Iridescent large-area PhC structured CoOOH
have been prepared in our group [8]. Different kinds
of doping cations as well as doping percentage might
have a sizable impact on the actual morphologies as
well as porous structures associated with hierarchical
CoOOH [9]. Therefore, hierarchical Ni- or Cu-doped
CoOOH having PhC structures by utilizing butterfly
wings was prepared. The gas sensing properties of the
photonic replicas to different gaseous pollution which
are generally by-products associated with that fire had
been analyzed.

INTRODUCTION

MATERIALS AND METHODS

Nowadays particularly requires are promising
for solid-state sensors which manage early
development of flame propagation, the spot that the
temperature usually in temperature range of 50-ƕ&
[1]. Semiconducting metal oxides are commonly
employed in resistive gas sensors, exploiting the
changes in the electrical conductivity of these materials
upon exposure to combustion gases [2]. However, the
disadvantages of these semiconducting metal oxides
are high operating temperatures (above 400 °C) and
low gas selectively [3]. Recently results showed that
although response as well as recovery rate at reduced
temperatures continues to be an issue to be resolved,
the most CO awareness level with regard to CoOOH
might be decreased down to 80°C [4]. CoOOH can be
therefore a promising material to detect the CO gas at
fire prognosis at their earlier stages.
For improving the gas sensing and catalytic

The specimens of Morpho butterflies were
obtained from Shanghai Dieyu Butterfly Museum. The
wings were separated and washed with anhydrous
ethanol thoroughly. After being dried in air for half an
hour, the butterfly wings were used as the templates.
100 mL of 2.5 M NaOH solution was added dropwise
into 100 mL of 0.5 M cobalt nitrate (Co
(NO3)2·6H2O) solution with a peristaltic pump to
form a Co(OH)2 precursor. When the pH was increased
to 9 < pH< 14, the color of the Co(OH)2 precipitate
turned brown with the formation Co(OH) 3. Butterfly
wings were immersed into anhydrous ethanol for
5min with the color changing from purple to green and
soon transferred into the above Co(OH) 2 precursor
for 10 dip-coating cycle at room temperature. NanoCoOOH was obtained from Co(OH) 3 by holding in
40 °C water bath for 6 hr. The 10 dip-coating cycle
process without template was also used to prepare non-

ABSTRACT
Divalent cation (Ni and Cu) doped and pure nano
cobalt oxyhydroxide (CoOOH) are prepared by
hydrothermal method using Morpho butterfly wing as
template, whose gas sensing property is studied using
various gases co-existing at early stages of fire as
probe. The morphology, crystal structure and specific
surface areas are studied to investigate the different
doping effects on gas sensing property of biomorphic
nano-CoOOH. The results indicated that the Ni- and
Cu-doped biomorphic nano CoOOH sensors showed
excellent sensitivity and good reproducibility towards
carbon monoxide (CO) at low temperature. There
was a good linear relationship between the frequency
response and the testing concentration of CO gas. The
results also showed that Ni- and Cu-doped biomorphic
nano CoOOH sensor could be a good candidate for the
real-time detection of early stages of fire.
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biomorphic nano-CoOOH as the reference sample,
which was labeled as non- biomorphic nano-CoOOH.
For Ni- or Cu-doped nano-CoOOH sample
preparation,
0.01M
Ni(NO 3)2·6H2O
or
Cu(NO3)2·6H2O was dissolved into the Co(OH)2
precursor. After being dipped for 10 cycles at room
temperature, the templated hybrids were rinsed well
enough in distilled water and subsequently fixed
between a pair of clamped microscope slides to keep
the soaked wing flat. A biomorphic CoOOH complex
was obtained by held in a 40°C water bath at pH 10
condition for 6 h. The nano-CoOOH sample doped
with Ni or Cu compositions (molar ratio) of Ni (or Cu):
Co=0, 1, 2 and 3% was prepared.
The crystalline phase was identified using an Xray diffractometer (XRD, Model Rad IIA, Rigaku Co.,
7RN\R -DSDQ  ZLWK &X .Į UDGLDWLRQ DQG D 1L ILOWHU
operated at 30 kV, 20 mA, and a scanning rate of
4o/min. The surface morphology of the CoOOH- based
powders was examined by a field-emission scanning
electron microscope (FE-SEM, XL-40 FEG SEM,
Philips, Eindhoven, Holland). The specific surface
area of the biomorphic CoOOH was determined by
Brunauer-Emmett-Teller
(BET)
apparatus
N2
adsorption using a Micromeritics ASAP 2010 system
(Norcross, GA). The pore-size distribution was
calculated from the desorption branch of the
nitrogen isotherm, using the Barrett-Joyner-Halenda
method.
A biomorphic nano-CoOOH based sample and
non-biomorphic nano-CoOOH were pasted onto
indium tin oxide (ITO) substrates attached with two Pt
electrodes having a gap about 1mm. Gas-sensing
experiments were carried out in a self-designed
conventional flow apparatus equipped with a heating
facility. Each sensor was exposed to a constant flow
of dry air (100 cm3 /min) or a sample gas (CO and
other calibrated gases in dry air), while the electrical
resistance of the sensor was monitored by an Agilent
34970A multimeter, which was connected to a PC.
The sensor responses were defined as S=Rg/Ra for
biomorphic CoOOH and non-biomorphic CoOOH
nanostructures, where Rg and Ra denote the sensor
electrical resistance in a sample gas and in air,
respectively [10]. Measurements were performed
between room temperature and 100°C with CO
contents 100 ppm. The temperature was carefully
measured by means of a K-type thermocouple located
adjacent to the CO sensor. Cross-sensitivity of the
pure nano-CoOOH and biomorphic nano-CoOOH
based sensors as examined to the different gaseous that
are usually by-products of fires were examined.
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FIGURE 1
XRD patterns of nano-CoOOH with different Cu
doping amount.

content, the characteristic peak (003) intensity of
CoOOH decreases, and the XRD patterns remain
essentially unchanged. The positions of the main
diffraction peaks evidently shift to the smaller angle
side with the increasing Cu content. This shift of
diffraction angles indicates that Cu2+ ions have been
successfully doped into the crystal lattice of CoOOH
host. These phenomena can be explained in terms of
the larger covalent radius of Cu 2+ (0.73 A°) than that
of Co3+ (0.63 A°). The Cu2+ ions doped into the
CoOOH matrix necessarily results in the expansion of
the unit-cell volume of the Cu-doped CoOOH
nanocrystals owing to the larger covalent radius of
Cu2+ ions. When the amount of Cu2+ was higher than 2
%, the (003) peak exhibits significant broadening,
which may be attributed to the disorder in the (003)
side of Cu-doped CoOOH nanocrystals. The changes
in the structure are not favorable for CO detection at
low temperatures, as confirmed by electrical
conductivity results of the materials. Figure 2 also
shows XRD patterns of Ni-doped nano-CoOOH with
different levels of Ni doping. The sharpened X-ray
line profile and higher intensity of (003) plane is
observed at 1% to 3% of nickel doping concentration.

RESULTS AND DISCUSSION
Figure 1 shows XRD patterns of Cu-doped nanoCoOOH with different levels of Cu doping. The
refraction peaks of CoOOH can be indexed to a
rhombohedral structure. Upon increasing the Cu
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tended to aggregate and the particle size increased with
the Cu doping amount increased to 2%. Similar results
were also found as the Ni doping amount increased to
2%, but the flat platelets structures of nano-CoOOH
changed to spindle-like shape with center diameters of
30-40 nm and lengths of about 70-80 nm. However, the
spindle-like shape particle also tended to aggregate with
the Ni doping amount for concentrations above 2%.
Added impurities may influence the size and
morphology of a given crystal by participating in the
nucleation and growth, in which many overall factors
integrate to dominate the process. Meanwhile, the
real behavior of crystal growth in nanocrystalline
semiconductors may vary between fractal aggregation
in the inauguration period and the subsequent diffusion
process [12]. According to our previous study, the
smaller particles of Zn-doped CoOOH will increase the
porosity and surface area, and the gas sensitivity is
expected to increase when the grain size becomes
smaller than the space-charge depth [8]. Therefore, the
Ni or Cu doping amount was set to 2% for subsequent
dip-coating procedure.

CoOOH

(003)

(012)
0% Ni

(101)

Intensity (a.u.)

1% Ni

2% Ni

3% Ni
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30
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FIGURE 2
XRD patterns of nano-CoOOH with different Ni
doping amount.

Also (101) and (012) plane peaks intensities are
observed to be slightly suppressed due to the extent of
doping. No additional peaks corresponding to the
secondary phases of nickel oxides were obtained,
which indicates that the rhombohedral structure is not
disturbed by the Ni substitution. Thus, we can
conclude that the doping of Ni does not change the
rhombohedral structure of CoOOH and hence Ni 2+
substitutes Co3+ site into the crystal lattice.
Figure 3 shows the surface morphology of nanoCoOOH and nano-CoOOH with various Cu or Ni
doping amounts. The nano-CoOOH exists as flat
platelets in the 100-150 nm range in size. The edges of
the platelets appear broken and uneven. This is
attribution to a dissolution-reprecipitation process [11].
The flat platelets structures of nano-CoOOH gradually
transformed into spherical particles as the Cu doping
amount increased to 1%. However, the nanoparticles

FIGURE 3
Surface morphology of (a) nano-coooh (b) 1% Nidoped nano-coooh (c) 2% Ni-doped nano-coooh (d)
3% Ni-doped nano-coooh (e) 1% Cu-doped nanocoooh (f) 2% Cu-doped nano-coooh.

Figure 4 (a) and (b) shows that morpho-butterfly
exhibit overlapping scales possess an overall
rectangular shape with pointed tips. A typical scale
surface is composed of thirty five to forty rows of
lamellae with an almost identical interspacing. The
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CoOOH, the lamellas of the biomorphic Ni-doped
nano-CoOOH submerge, the space of connective
hollow interiors decreases, indicating the high
selectively response of a biomorphic 3% Ni-doped
nano-CoOOH replica sensor to individual gas will not
easily achieved. The SEM images in Figure 3 (c) also
confirm that the architecture of the biomorphic 2% Nidoped nano-CoOOH replica is packed by nanoparticles
with 30-40 nm in diameter.

FIGURE 4
SEM images of natural butterfly wings (a and b)
and biomorphic nano-CoOOH complex (c, d and e):
(a) aligned scale (b) the details of single scale (c) 2%
Ni-doped nano-CoOOH replica (d) 3% Ni-doped
nano-CoOOH replica (e) 2% Cu-doped nanoCoOOH replica.

hierarchical architecture is orderly constructed by the
substrate layer, well-organized pillars, and parallel
ridges from the bottom up. After the dip-coating
process and subsequent hydrothermal approach by
using the natural butterfly wings as templates, the Cuor Ni-doped CoOOH replicas with the structure
characterizations of natural butterfly wings are
obtained. Figure 4 (c) and (e) shows that the wellorganized porous hierarchical architecture of natural
EXWWHUIO\ ZLQJV¶ VFDOHV ZDV IDLWKIXOO\ UHSOLFDWHG E\
Ni- or Cu-doped CoOOH with doping amount set to
2%. Different doping type displayed some different
morphology. The wall thicknesses are estimated to be
about 40-50nm for biomorphic 2% Ni-doped nanoCoOOH replica and the nanoscaled microribs are
obvious. However, some microribs are buried and the
wall thickness increases to about 50-70 nm on
biomorphic 2% Cu-doped nano-CoOOH replica.
When the Ni doping concentration increased to 3%,
the microribs and lamellas details on the ridges were
lost on biomorphic 3% Ni-doped nano-CoOOH replica
as Figure 4 (d) shown. The increasing detail-loss would
be caused by the increasing Ni doping concentration of
the biomorphic nano-CoOOH. When Ni doping
concentration increased to 3%, the wall thicknesses
are estimated to be about 90-110 nm for biomorphic

FIGURE 5
Electrical resistance of nano-CoOOH with different
Ni(a) or Cu(b) doping amount in air as a function of
temperature in the range of 40-100 °C.

Figure 5(a) illustrate that the resistance of nanoCoOOH decreased when the Cu doping amount was
increased to 2% in the range of 40 to 100 °C. However,
as the Cu doping amount over than 2%, the overall
resistance of the nano-CoOOH increased as the
temperature raised. This indicates that low doping
amount of Cu ions results in a small change in
resistance with temperature. However, a rapid increase
in resistance with temperature in the range of 50-70
°C was found when the Cu doping amount was over
2%. XRD analysis results confirm that the high
addition of copper ions resulted in some structural
distortion in CoOOH. Therefore, the electron hopping
in the CoOOH was easily blocked, resulting in higher
resistance. Hence, the conductivity of Cu-doped
nano-CoOOH decreased with temperature in the
range of 40 to 70 °C. However, when the
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Figure 6 shows the sensor response to 100
ppm CO in air for pure Ni- or Cu-doped nanoCoOOH and biomorphic Ni- or Cu-doped nanoCoOOH replica as a function of temperature. The
sensor response of the pure nano-CoOOH, biomorphic
nano-CoOOH replica and biomorphic 1% Zn-doped
nano-CoOOH replica were added from recently
published results [8] in exactly the same format for
comparison. The results confirm that the CO
sensitivity of all the nano-CoOOH based sensor
increases as the temperature rises and exhibited a larger
response over the temperature range of 70-80 °C.
However, the magnitude of the sensor response to
100 ppm CO for those replicas were greater than that
for the pure nano-CoOOH based thin film on the ITO
substrate. It is well known that increasing surface area
makes a great contribution to the improved sensor
response. In order to get an explanation, the samples
were characterized by using N 2 adsorption/desorption
measurements. The pore structure parameters
including porosities, surface area, and pore size of
various nano-CoOOH samples obtained from mercury
porosimetry and N2 adsorption measurement are listed
in Table 1. All the corresponding values of the
biomorphic nano-CoOOH are similar, indicating the
similar microstructure in the present of different
dopant. Biomorphic nano-CoOOHs replicas have
much higher porosity and specific surface area than
nano-CoOOH films. This is probably caused by the
hierarchical porous structures, which provide more
surface positions for CO and oxygen adsorption and
then increase the adsorbing capacity of CO and
oxygen. Besides, hierarchical porous network of
nano-CoOOH based structure provide a large number
of internal channels for CO to diffuse and spread
rapidly and uniformly into inner sensor. In addition,
biomorphic 2% Cu- or Ni-doped nano-CoOOH replica
also has much higher porosity and specific surface
area than 3% Cu- or Ni-doped nano-CoOOH replica.

temperature was above 70 °C, the electrons hopped
between the surface defects of CoOOH, resulting in
decreased resistance. Similar result was also found in
Ni-doped nano-CoOOH as shown in Figure 5(b). The
concentration of the two different doping cations
induces a similar effect, however, conductivities
obtained with Ni-doped nano-CoOOH are, in general,
several orders of magnitude lower than those of Cudoped nano-&R22+ $FFRUGLQJ WR .LPSWRQ¶V VWXG\
[13], the substitution of larger cations relative to the
host cation increases the extent of steric blocking in the
conduction path within the crystal lattice and
subsequently decreases the oxygen-ion conductivity.
The covalent radius of Cu2+ (0.73 A°) is larger than
Ni2+ (0.59 A°) relative to the host cation (Co3+ (0.63
A°)). Therefore, the substitution of Cu2+ dopant cation
relative to Co 3+ in the crystal lattice increased the ionmigration enthalpy and consequently decreased the
electrical conductivity.

FIGURE 6
Sensor responses to 100 ppm CO in the air for nonbiomorphic nano-CoOOH, biomorphic nanoCoOOH and biomorphic Ni- or Cu-doped nanoCoOOH as a function of temperature.

TABLE 1
BET surface area, average pore size and pore volume of the pure nano-CoOOH and biomorphic nanoCoOOH based composite
sample

Pure
nanoCoOOH

Surface area
31.22
[m2/g]
Average
pore
size -*
[nm]
Pore volume
[cm3 /g]
*separated particles

Biomorphic
nano-CoOOH

Biomorphic
2% Cu-doped
nano-CoOOH

Biomorphic
3% Cu-doped
nano-CoOOH

Biomorphic
2% Ni-doped
nano-CoOOH

Biomorphic
3% Ni-doped
nano-CoOOH

54.25

65.36

48.55

72.58

51.33

9.7

9.4

10.7

9.1

9.8

0.161

0.168

0.135

0.172

0.153
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same concentration. That much improved level of
responsiveness within the biomorphic Ni-doped nanoCoOOH replicas over the nano-CoOOH replicas may
be because the doping for Ni which usually made
minimal lattice distortion along with were for acceptortype impurity, thus increasing the numerous oxygen
vacancies. Therefore, the Ni doping enhanced the
interaction between the target gas and the
semiconductor oxide.

With the Ni doping concentration increased to 3%, the
porosity, surface area, and mesopore size of
biomorphic nano-CoOOH all decreased. The actual
increase within average pore dimension and reduction
in the pore quantity with improve in walls thickness
claim that the mesopores coalescence within the walls
is actually intensified in some manner. These
biomorphic CoOOH replicas exhibit similar grain
size, well-organized porous frameworks, similar
BET surface area, and mesoporosity, despite the
different dopant.
Figure 6 also shows that CO sensitivity of
biomorphic Ni-doped nano-CoOOH replica based
devices has the highest sensor response among the
three different doped nano-CoOOH sensors.
$FFRUGLQJ WR &KHQJ¶V VWXG\ LRQ VL]H PLVPDWFK
between dopants and host cations causes strain and
destabilizes the structure [14]. The much larger ionic
radius of Cu or Zn than Ni means a larger size
mismatch between the dopant and host and thus
higher strain energy in nano-CoOOH, which
probably contributes to larger destabilization.
Therefore, the Ni gives the highest electrical
conductivity resulted in high sensor response. The
biomorphic 2% Ni-doped nano-CoOOH replica sensor
response to CO was evaluated in the range of 1-100
ppm. Figure 7 shows response sensitivity increased
with the rise of the CO concentration and exhibited
an extremely high sensitivity to the CO gas.

FIGURE 8
Response transients of biomorphic 2% Ni-doped
nano-CoOOH to 100 ppm CO at 70°C.

A quick response-recovery time was observed for
the biomorphic 2% Ni-doped nano-CoOOH replicas
sensor at 70°C when it was exposed to 100 ppm CO
gas. As shown in Figure 8, one can see that the
responding ability of the sensor increases upon
exposure to 100 ppm CO, and then decreases rapidly
and recovers to its initial value after CO gas release. A
steady-state repeatable measure values ended up being
attained during each measure cycle. Typically, the
90% response and recovery times to 100 ppm CO at
an operating temperature of 70 °C were 25 and 45
s, respectively. A low working temperature of 70 °C
combined with high CO sensitivity of biomorphic 2%
Ni-doped nano-CoOOH replica as well as good
response and recovery rate is very attractive for using
cobalt oxyhydroxide as a sensor material for
semiconductor CO sensors.
Gas sensors were constructed with the
biomorphic 2% Cu- and 2% Ni-doped nano-CoOOH
replica tested with various co-existing gases (NO2,
CO2, CH4, H2, SO2) which is typical for various fire
scenarios. The sensor response of the pure nanoCoOOH, nano-CoOOH replica and biomorphic 1% Zndoped nano-CoOOH replica were also added from
recently published results in exactly the same format
for comparison [8]. The selectivity of CO is evaluated
by the selectivity coefficient (KCO = SCO/S0), where

FIGURE 7
CO calibration curve of the biomorphic 2% Nidoped nano-CoOOH sensor.

It was revealed that the linearity of the line formed by
plotting log S against log [CO] was R2 =0.9903. The
good linear dependence of response on the gas
concentration suggests the biomorphic 2% Ni-doped
nano-CoOOH replica can be used as a promising
material for gas sensor. It is known that the sensitivity
of pure nano-CoOOH is around 3.2 for 100 ppm,
whereas the sensitivity of the biomorphic Ni-doped
nano-CoOOH replicas reaches as high as 7.8 for the
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response (S =7.82) near 70 °C. Furthermore, the relative
response to CO and H2 (SCO/SH2) of biomorphic 2% Nidoped nano-CoOOH replica is near to 6. It appears
that the inclusion of Ni ions can easily effectively raise
the sensitivity and also selectivity than Cu and Zn ions
for CO gas. This was confirmed by XRD result
discussed before, using Ni ions which prefer the
octahedral sites, and Cu or Zn ions which is not
selective. With regard to nano-CoOOH doped along
with nickel, induced a far more disordered framework,
allowing much more polarons as well as, therefore, the
actual conductivity is actually substantially enhanced.

CONCLUSIONS
FIGURE 9
Cross-sensitivity of non-biomorphic nano-CoOOH
and biomorphic nano-CoOOH based sensor to the
different gases.

Cu- or Ni- nano-CoOOH with photonic crystal
structures has been successfully fabricated by using
butterfly wings as template. The morphologies and
porous structures of biomorphic nano-CoOOH replica
were conveniently controlled by altering the dopant
type as well as the doping ratio. The high porosity of
the biomorphic nano-CoOOH based sensor promotes
the diffusion of CO molecules and minimizes the
sensor response time. The highest response to 100 ppm
CO for biomorphic 2% Ni-doped nano-CoOOH replica
is about 7.82 and the relative response to CO and H2
(SCO/SH2) is near to 6.02, respectively. The biomorphic
2% Ni-doped nano-CoOOH replica also exhibited high
selectivity for CO relative to H2 (SCO/SH2 ~6) in the CO
concentration of 100 ppm. It may provide a new means
of improving CO gas sensing properties of CoOOH
materials besides noble metal addition. The results
highlighted that this material can be applied in gas
sensing field to develop CO sensors with performances
suitable for early fire detection.

SCO is the response to CO and S0 is the response to
any other gas. These gases in addition to method were
being chosen seeing that described from the French
Standard [15] since they are applicable to help studies
in addition to investigations within the fire behavior of
chemicals and products. Figure 9 shows that all of the
biomorphic nano-CoOOH replica based sensors
exhibit higher responses to CO than pure nanoCoOOH and the gases NO 2, CO2, CH4, H2 and SO2 (all
100 ppm) exhibit low interference with CO gas at 70
°C. It have been reported that different parts of the
scales might be affected by overall statistic upon
relationships with different kinds of gaseous
compounds, producing interestingly diverse together
with distinct differential response at early stages of
fire. Consequently, obtaining the necessary scale from
the CoOOH may be the key factor in order to achieving
a very selective reaction to individual gaseous
substances.
The selectivity coefficients of CO against other
test gases are listed in Table 2. It revealed that
biomorphic 2% Ni-doped nano-CoOOH replica has the
best selectivity property to CO. It have a maximum
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TABLE 2
Selectivity coefficients of CO over other gases of pure CoOOH and different biomorphic nano-CoOOH
based composite
Selectivity
coefficients of
CO
NO2
CO2
CH4
H2
SO2

Pure
CoOOH

Biomorphic
nano-CoOOH

3.70
3.22
2.22
2.47
3.22

5.42
4.77
3.22
3.67
4.77

Biomorphic 1%
Zn-doped nanoCoOOH
6.51
5.86
3.90
4.50
5.86
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Biomorphic 2%
Cu-doped nanoCoOOH
6.92
6.44
4.24
4.95
6.44

Biomorphic 2%
Ni-doped nanoCoOOH
8.23
7.82
5.05
6.01
7.82
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of magnesium, strontium, and barium doped
lanthanum gallate perovskites. J. Solid State
Chem., 177, 126-133.
[15] NF X 70-100 French Standard. (1986) Fire Tests:
analysis of pyrolysis and combustion gases.
ANFOR. 51.
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ECOLOGICAL FEATURES OF VASCULAR FLORA ON SKI
TRAILS ON NP KOPAONIK MOUNTAIN, SERBIA
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Nenad Stavretovic1
1
Faculty of Forestry, University of Belgrade, Belgrade, Serbia
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2

[5,6,7,8,9]. The role of vegetation cover of the ski
runs is extremely important and multiple, directly
affecting substrate stability [10,11] and binding
particles of soil in the zone of root system
propagation [12]. Since ski runs were mostly
constructed by clear cutting of former vegetation
and often by using of heavy machinery [7,8,9],
these places are often poor in terms of plant
biodiversity [13] and are exposed to erosion,
especially if located on extreme slopes [14].
Differences between vegetation of ski trails and
surrounding grasslands are caused by different
management regimes, where practices such as
mowing, grazing, fertilize, abandonment or undersowing are the most influencing [15,16,17].
The aim of this study was to determine the
main environmental factors and ecological
conditions, including human impact, prevailing on
ski trails in the area of the National park of the Mt.
Kopaonik. The results are significant for future
maintenance of ski pistes and selecting seed
mixtures for faster vegetation recover especially for
areas with high level of degradation by erosion
process.

ABSTRACT
Mt. Kopaonik is distinguished by a high level
of biodiversity. In 1981 Kopaonik is promoted into
the National park within former Social Federal
Republic of Yugoslavia. Part of the National park is
known as the oldest and the biggest ski resort in
Serbia. The aim of this study was to determine key
environmental factors influencing a floristic
composition of a surveyed ski trails. The data set
included 58 phytosociological relevés recorded
between 2010 and 2013. A total of 322 plant
species was recorded in the analyzed ski areas of
the Mt. Kopaonik taxonomically belong to 42
families and 136 genera. The main environmental
gradients of species composition were analyzed by
Detrended Correspondence Analysis (DCA).
Ecological indicator values were used for ecological
interpretation of ordination axes. The results of the
DCA indicate that the main environmental gradient
in the plant species composition of the ski trails was
related to the moisture and nutrients. This is due to
construction and the maintenance of ski slopes. The
represented study gives useful information for the
future maintenance of the ski slopes (primarily
mowing, grazing, fertilize and overseeding) and
selecting species for seed mixtures for restoration of
ski slopes.

KEYWORDS:
ski trails, national park,
management, indicator values

flora,

human

METHODS
Study area. National Park Kopaonik includes
the highest peaks and the most preserved areas of
Mt. Kopaonik, which is located in the central part
of southern Serbia (Fig. 1). National Park was
proclaimed in 1981, covering an area of 11,809 ha
ZLWKWKH3DQþLüHY9UKDVWKHKLJKHVWSHDN P 
The first and most rigorously protected zone
includes 698.34 ha (5.9% of the park). Mountain
Kopaonik is distinguished by a high level of
biodiversity. More than 1600 species of vascular
plants are found on Mt. Kopaonik. The bird fauna
includes more than 170 species while the mammal
fauna includes 39 species [18].
$FFRUGLQJWR5DNLüHYLü>@, this area belongs
to the Kopaonik climate region, which is
characterized by the coldest and longest winter in
the central Serbia. The main climate characteristics
on Mt. Kopaonik are the following [4]: the average
annual temperature is 3,6 ºC (max. in July (30 ºC)
and a min. in February (-24,2 ºC); middle monthly

impact,

INTRODUCTION
Throughout the world there has been an
expansion of the use of ski runs in the summer
season for active and passive recreation [1,2,3]. Ski
trails are more or less composed from flora of
surrounding semi-natural or natural grasslands on
slopes that can be used as trim tracks, areas for
walking, picnic areas, spaces for exercise,
FKLOGUHQ¶V SOD\JURXQGV JUDVV VNLLQJ collecting of
plants, fruits or creation of different activities and
contents [4]. Ski runs can occupy large areas and
have a significant impact on mountain ecosystems
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Braun-Blanquet approach [22]. The nomenclature
of the vascular plants followed Flora Europaea [23].
Life forms are according to the Raunkiaer
classification [24], followed by Pignatti [25]'LNOLü
[26] DQG-RVLIRYLü et al. [27] for the missing data.

rainfall amounts are 984,4 mm; the annual number
of days with snow are 94; the average annual
insulation is 1981 h.
The vegetation of Kopaonik is almost
regularly differentiated into the several typical
altitudinal zones [20]:
1. Fagetum montanum; 2. Luzulo-Fagetum
montanum; 3. Fagetum subalpinum; 4. Piceetum
excelsae oxalidetosum; 5. Piceetum excelsae
hylocomietosum; 6. Bogs; 7. Piceetum excelsae
subalpinum;
8.
Vaccinio-Junipero-Piceetum
subalpinum; 9.
Fago-Piceetum; 10. AbietiFagetum; 11. Seslerio-Fagetum.
A major and the oldest ski resorts in Serbia are
located on the Mt. Kopaonik, in the area of the
National Park. Ski resort is situated at a height of
1770 m, the lowest starting point is at 1057 m. This
ski resort offers about 50 km of ski slopes for alpine
skiing, about 18 km of ski slopes for cross-country
skiing, which are interconnected with 24 chairlifts
and ski lifts. The total investment in the
construction of new ski runs and chairlifts, between
December 2004 and August 2009, reached about
20,000,000 ¼ >@. Ski resort has 19 light, 10
medium and 6 difficult ski slopes. Almost all trails
are interconnected and the longest downhill are 3,5
km long.

Statistical analysis. Obtained field data were
stored in the Turboveg database [28]. The basic
arrangement of the phytosociological table and
tabular synthesis was made with JUICE 7.0
software [29]. Cluster analysis of the dataset was
carried out in the program Pc-Ord 5 [30] using
Relative Sørensen as a distance measure and
Flexible beta (ȕ = -0.25) method algorithm for
dendrogram construction. For the estimation of
ecological conditions, species ecological indicator
values (EIV) for light (L), temperature (T),
moisture (M), soil reaction (S) and nutrients (N)
were used [31]. Those indicator values, although
proposed for Italy, have been used in various
studies of the Balkan Peninsula [32]. Ordination
results are presented on spider plots, in which each
relevé is linked to the centroid of its cluster by a
line and indicator values were plotted a posteriori
on the DCA ordination diagram. Analysis was
performed in R program (R Core Team 2015) [33]
using Vegan package [34].
RESULTS AND DISSCUSION
A total of 322 plant species was recorded in
the analyzed ski areas of the Mt. Kopaonik,
taxonomically belong to 42 families and 136
genera. The analysis of life forms of the surveyed
flora shows hemicryptophytic character (Fig. 2).
The share of hemicryptophytes (h) was 68,63%,
while chamaephytes were at the second place with
50 plant species. The share of geophytes was
9,32%, while species of other life forms were
presented
in
a
small
percentage.

Ϯ͕ϭ
ϰ͕ϯϳй
ϭϱ͕ϱ ϰй
ϯй
ϵ͕ϯ
Ϯй

FIGURE 1
Geographic position of Kopaonik NP in the
Republic of Serbia [21]

Vegetation
sampling.
The
grassland
vegetation was studied in period 2010-2013. The
total of 58 phytosociological relevés was collected.
The sampling plots on ski trails were taken at five
sites: downhill, middle, top, halfway between the
top and the middle and halfway between the middle
and downhill. The relevé sampling followed the

ŐĞŽƉŚǇƚĞƐ

ϲϴ͕
ϲϯ
й

ĐŚĂŵĂĞƉŚǇƚĞ
Ɛ
ƚŚĞƌŽƉŚǇƚĞƐ

FIGURE 2
Life forms of the flora on Mt. Kopaonik ski
trails
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FIGURE 3
Classification of grasslands on ski pistes of Mt. Kopaonik

in nutrients. In these areas the soil is slightly
different in terms of pH values compared to other
areas.
The influence of nutrients in the soil (fertility)
and temperature according to the results of the
ordination analysis was the most influencing on
vegetation characterized by the presence of Festuca
rubra, Agrostis capillaris, Trifolium repens, Poa
annua, Festuca nigrescens, Festuca gigantea and
Deschampsia flexuosa (Cluster 3). Due to grassland
management
practices
(primarily
mowing,
undersowing and fertilize) the domination of
competitors occurred. Grasses tolerant to mowing
require a higher content of nitrogen and
phosphorus. Similar findings were also reported by
Wesche et al. [37] and Ceulemans et al. [38] who
investigated the loss of plant species in the
grasslands of Central Europe. However, it should be
noted that the presence of species Deschampsia
flexuosa is directly related to the intensity of
trampling [39] namely higher intensity of trampling
causes lower occupancy of this species.
Consequently, it can be expected that this area will
be occupied by the species which are a part of the
undersowing seed mixture (Trifolium repens,
Festuca rubra, Agrostis capillaris).
Grasslands characterized by the domination of
the species Festuca nigrescens, Trifolium pratense,
Agrostis capillaris and Deschampsia flexuosa
(Cluster 2) occupy a central position in relation to
the basic gradient of environmental factors such as
temperature, fertility and continentality. This can be
explained by anthropogenic influence on these sites
(full reconstruction and maintenance of runs),
which is probably the dominant factor affecting the
formation of the floristic composition. In addition,
anthropogenic influences lead to changes in
environmental conditions [40,41,42,43], with none
of the factor standing out as a dominant one for
formation of the vegetation cover.

Hierarchical classification of grasslands of the
ski runs distinguished a total of 5 clusters (Fig. 3).
The clusters were divided into two groups reflecting
the spatial, geographic and microclimatic factors.
Correspondent analysis showed the relations
between floristic variation and influence of the most
important environmental factors, along two major
DCA axes (Fig. 4). In relation to the direction of the
first DCA axis, the content of nutrients in the soil
seemed to be the most significant, while the
environmental index for moisture was correlated
with the direction of the second axis. Another
important factor was the temperature, which is
linked to the first axis. Considering the whole study
area according to the results of DCA analysis, the
most important environmental factor influencing
the floristic composition of the ski runs was the
moisture. In some studies [35,36], it is argued that
the humidity of a site, i.e. the availability of water
is one of the main factors leading to floristic
difference of meadow vegetation. In addition,
another important factor is the presence of nutrients
in the soil that affects the floristic composition of
grasslands on the ski runs of the study area,
followed by continentality and the temperature.
According to the results of the DCA analysis, the
ecological factor of light and the factor of soil pH
haven¶WVKRZHGDQLPSRUWDQW impact on the floristic
structure of the studied vegetation of ski trails,
which might be related to more or less uniform
openness of the ski run sites, and their similar soil
features.
Ordination analysis of grasslands on the ski
runs of Mt. Kopaonik has shown that the impact of
moisture was the most pronounced in the grasslands
characterized by the domination of the species
Scirpus sylvaticus, Eriophorum latifolium, Caltha
palustris, Juncus bufonius, Filipendula ulmaria and
Veronica beccabunga (Cluster 1). This vegetation
develops on very wet soils that are moderately rich
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plant needs for nutrients in the soil and soil
moisture [42], and it should, in particular, be
avoided in nutrient poor places and dry grasslands
[43]. Management of the ski runs contributes to the
development and spreading of plant species with
higher requirements for moisture and nutrients in
the soil, and due to intensive maintenance, a
leaching of nutrients from the soil occurs causing a
negative effect on the habitat and further changes in
vegetation structure [47]. Proper management of ski
trails, appropriate maintaining diversity and
conservation measures lead to long term observance
of these specific habitats.

CONCLUSIONS
Moisture and nutrient content (fertility) in soil
were the most significant environmental factors
determining the floristic composition of the
vegetation developed on the Mt. Kopaonik ski runs,
Serbia. Management practices on the ski runs (use
of heavy machinery, overseeding, fertilization,
artificial snow, mowing) contribute to the
development and expansion of fast-growing species
with higher requirements for moisture and nutrients
in the soil (Scirpus sylvaticus, Eriophorum
latifolium, Festuca nigrescens Deschampsia
flexuosa Deschampsia cespitosa), as well as
thermophilic plants tolerant to trampling and
mowing (such as Trifolium repens, Festuca rubra,
Agrostis capillaris, Nardus stricta, Festuca varia,
etc). Due to permanent management, pressure of
utilization and consequent erosion processes, a
leaching of nutrients from the soil occurs, causing a
negative impact on the environment and change in
the vegetation structure by limiting the development
and spread of natural potential vegetation.
Management of the ski runs should be rational and
timely, while fertilization operations and the use of
heavy machinery should be kept at a minimum and
strictly controlled to ensure sustainability of the
natural potential vegetation expressing high level of
biodiversity.

FIGURE 4
DCA ordination diagram of the relevés from
grassland of ski pistes, with passively projected
explanatory variables (MOIST- EIV for
moisture; NUTR- EIV for nutrients; CONTEIV for continentality; TEMP- EIV for
temperature; LIGHT- EIV for light; REACTEIV for soil reaction). Eigenvalues of axes are:
1st axis 0.2760 and 2nd axis 0.2101 and total
inertia 10.00.

According to the ordination analysis of the
grasslands on Mt. Kopaonik ski runs, the
continentality (the impact of climate) is the factor
with the highest influence on occurrence of
oligotrophic grasslands with species Festuca rubra,
Agrostis
capillaris,
Festuca
nigrescens,
Anthoxanthum odoratum, Deschampsia cespitosa,
Deschampsia flexuosa, Polygonum bistorta,
Festuca bosniaca, Calamagrostis arundinacea,
Festuca rupicola, Vaccinium myrtillus, Luzula
luzuloides, Hypericum richeri, Nardus stricta,
Festuca varia, Festuca heterophylla and Agrostis
stolonifera (Clusters 4 and 5). These grasslands are
under significant anthropogenic pressure, which
actually has the highest impact on the floristic
composition. Festuca rubra, Agrostis capillaris and
Deschampsia cespitosa are species that are highly
represented in the mountainous grasslands under
anthropogenic impact [44]. A strong anthropogenic
factor influences the development of a grassland,
while the lack of anthropogenic influence would
cause spontaneous succession towards the
formation of forest communities [45,46].
The use of heavy machinery on the ski runs for
their maintenance reduces the cover of grasslands
and plant productivity, but increases the share of
plants that have higher requirements for nutrients
and temperature [43]. The use of artificial snow,
especially over extended periods, increases the

REFERENCES
[1] Needham, M.D.,Wood, C.J.B., Rollins, R.B.
(2004b): Understanding Summer Visitors and
Their Experiences at the Whistler Mountain
Ski Area, Canada. Mountain Research and
Development 24 (3), 234-242.
[2] Gössling S., Hall M. (2006): Tourism and
global environmental change: ecological,
social,
economic,
and
political
interrelationship. Taylor & Francis e-library,
UK.
[3] Muhar,
A.,
Schauppenlehner,
T.,
Brandenburg, C., Arnberger, A. (2007):
2988



© by PSP

Volume 25 ± No. 8/2016, pages 2985-2990

Fresenius Environmental Bulletin



[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

$OSLQH VXPPHU WRXULVP WKH PRXQWDLQHHUV¶
perspective and consequences for tourism
strategies in Austria. For. Snow Landsc. Res.
81, 1/2, 7±17.
3HWURYLü -   6WUXNWXUQD HNRORãND L
VRFLRORãND LVWUDåLYDQMD WUDYQMDND UHNUHDWLYQLK
SRYUãLQD Structure, ecology and social study
of lawns in recreational areas). Doktorska
GLVHUWDFLMD âXPDUVNL IDNXOWHW 8QLYHU]LWHW X
Beogradu (in Serbian).
Tsuyuzaki,
S.
(1994):
Environmental
deterioration resulting from ski-resort
construction
in
Japan.
Environmental
Conservation 21, 121±125.
Tenenbaum, D.J. (2001): The Slippery Slope
of Ski Expansion. Environ Health Perspective
109 (3), A112±A115.
Ruth-Balaganskaya, E., Myllynen-Malinen, K.
(2000): Soil nutrient status and revegetation
practices of downhill skiing areas in Finnish
Lapland - a case study of Mt. Yllas.
Landscape and Urban Planning 50, 259±268.
Wipf, S., Rixen, C., Fischer, M., Schmid, B.,
Stoeckli, B. (2005): Effects of ski piste
preparation on alpine vegetation. Journal of
Applied Ecology 42, 306±316.
David, G.C.L., Bledsoe, B.P., Merritt, D.M.,
Wohl, E. (2009): The impacts of ski slope
development on stream channel morphology
in the White River National Forest, Colorado,
USA. Geomorphology 103, 375±388.
Morgan, R.P.C. (2005): Soil erosion and
conservation. Wiley-Blackwell.
Burt, J.W. (2012): Developing Restoration
Planting Mixes for Active Ski Slopes: A
Multi-Site Reference Community Approach.
Environmental Management 49, 636±648.
Gyssels, G., Poesen, J., Bochet, E., Li, Y.
(2005): Impact plant roots on the resistence of
soils to erosion by water: A review. Progress
in Physical Geography 29 (2), 189-217.
Burt, J.W., Rice, K.J. (2009): Not all ski
slopes are created equal: disturbance intensity
affects ecosystem properties. Ecological
Applications 19, 2242±2253.
5LVWLü 5 5DGLü % 9DVLOMHYLü 1 D 
Restoration of eroded surfaces in Serbian skiareas. Bulletin of the Faculty of Forestry 100,
31-54.
Waldhardt, R., Otte, A. (2003): Indicators of
plant species andcommunity diversity in
grasslands. Agriculture, Ecosystems and
Environment 98, 339±351.
Havlova, M., Chytry, M., Tichy, L. (2004):
Diversity of hay meadows in the Czech
Republic: major types and environmental
gradients. Phytocoenologia 34, 551±567.
Drobnik, J., Romermann, C., BernhardtRomermann, M., Poschlod, P. (2011):
Adaptation of plant functional group

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]
2989



composition to management changes in
calcareous grassland. Agriculture, Ecosystems
& Environment 145, 29±37.
$PLGåLü /   1DWLRQDO 3DUN .RSDRQLN
,Q $PLGåLü / .UDVXOMD 6 %HOLM 6 HGV 
Protected natural resources in Serbia. Ministry
of Environmental Protection and Institute for
Nature Conservation, Belgrade, 23±27.
5DNLüHYLü7 (1980):Klimatsko rejoniranje SR
Srbije (Climatic reonisation of SR Serbia).
Zbornik radova Geografskog zavoda PMF, sv.
27, Beograd, 29-42 (In Serbian).
0LãLü 9, 3RSRYLü 5 (1954):Bukove i
VPUþHYH ãXPH Kopaonika (Beech and spruce
forests of Kopaonik) $UKLY ELRORãNLK QDXND
1-2, Beograd, 5-24 (In Serbian).
.UVWLü 0 &YMHWLüDQLQ 5 6PDLODJLü -
Govedar, Z. (2014): Climate-vegetation
characteristics of Kopaonik mountain in
Serbia. Carpathian Journal of Earth and
Environmental Sciences 9 (3), 135-145.
Braun-Blanquet,
J.
(1964):
Pflanzensoziologie,
Grundzüge
die
Vegetationskunde, Springer Verlag, WienNew York.
Tutin, T. G., V. H. Heywood, N. A. Burges,
D. M. Moore, D. H. Valentine, S. M. Walters,
D. A. Webb, (ur.) 1964±1980: Flora Europaea
I±V, Cambridge University Press, Cambridge.
Raunkiaer, C. (1934): The life forms of plants
and statistical geography, Claredon, Oxford.
3LJQDWWL 6   )ORUD G¶,WDOLD (GDJULFROH
Bologna, vol. 1-3.
'LNOLü1  äLYRWQH forme biljnih vrsta i
ELRORãNL VSHNWDU IORUH 65 6UELMH (Life forms
and biological spectrum oft he flora of
Republic Serbia). In 6DULü M. (Eds.)
Vegetacija SR Srbije I-RSãWL deo. SANU,
Beograd (In Serbian).
-RVLIRYLü 0 / 6WMHSDQRYLü 0 .RMLü 1
'LNOLü HGV (1970± 1986): Flora SR Srbije IX (Flora of Republic Serbia). SANU,
Beograd, (In Serbian).
Hennekens, S., Schaminée, J. (2001):
TURBOVEG, a comprehensive data base
management system for vegetation data.
Journal of Vegetation Sciences 12, 589-591.
Tichý, L. (2002): JUICE, software for
vegetation
classification.
Journal
of
Vegetation Science 13, 451-453.
McCune, B., Mefford, M. J. (1999): PC-ORD,
Multivariate
analysis
of
Ecological
DataVersion 5.0 for Windows. MM Software
Design, Gleneden Beach, OR.
Pignatti, S., Menegoni, P., Pietrosanti,
S.(2005): Biondicazione attraverso le piante
vascolari, Valori di indi-cazione secondo
Ellenberg (Zeigerwerte) per le specie della
)ORUDGµ,WDOLD.Braun-Blanquetia 39,1-97.
âLOF89UEQLþDQLQ6%RåLü'ýDUQL $

© by PSP

Volume 25 ± No. 8/2016, pages 2985-2990

Fresenius Environmental Bulletin



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

'DMLü-6WHYDQRYLü=  :HHGYHJHWDWLRQ
in the north-western Balkans: diversity and
species
composition.
European
Weed
Research Society, Weed Research 49, 602±
612.
R Core Team(2015): R: A language and
environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org.
Oksanen, J., Blanchet, F.B., Kindt, R.,
/HJHQGUH 3 0LQFKLQ 35 2¶+DUD 5%
Simpson, G., Solymos, P., Stevens, M.,
Wagner, H. (2013):Vegan: Community
Ecology Package. R package version 2.0-8.
Dengler, J., Becker, T., Ruprecht, E., Szabó,
A., Becker, U., Beldean, M., Bita-Nicolae, C.,
Dolnik, C., Goia, I., Peyrat, J., Sutcliffe,
L.M.E., Turtureanu, P.D., Ugurlu, E. (2012):
Festuco-Brometea communities of the
Transylvanian Plateau (Romania) ± a
preliminary overview on syntaxonomy,
ecology, and biodiversity. Tuexenia 32, 319±
359.
$üLü 6 âLOF 8 9UEQLƙDQLQ 6 &XSDü 6
TopisirovLü * 6WDYUHWRYLü 1 'DMLü6WHYDQRYLü=  *UDVVODQGFRPPXQLWLHV
of Stol mountain (eastern Serbia): Vegetation
and environmental relationships. Archives of
Biological Sciences 65 (1), 211-227.
Wesche, K., Krause, B., Culmsee, H. &
Leuschner, C. (2012): Fifty years of change in
Central European grassland vegetation: large
losses in species richness and animalpollinated plants. Biological Conservation
150, 76±85.
Ceulemans, T., Merckx, R., Hens, M.,
Honnay, O. (2013): Plant species loss from
European semi-natural grasslands following
nutrient enrichment ± is it nitrogen or is it
phosphorus?
Global
Ecology
and
Biogeography 22, 73±82.
Hamberg, L., Lehvävirta, S., MalmivaaraLämsä, M., Rita, H., Kotze, D.J. (2008): The
effects of habitat edges and trampling on
understorey vegetation in urban forests in
Helsinki, Finland. Applied Vegetation Science
11, 83-98.
Fauve, M., Rhyner, H., Schneebeli, M. (2002):
Preparation and Maintenance of Pistes,
Handbook for Practitioners, Swiss Federal
Institute for Snow and Avalanche Research,
Davos.
Kammer, P.M. (2002): Floristic changes in
subalpine grasslands after 22 years of artificial
snowing, Journal for Nature Conservation 10:
109±123.
Rixen, C., Casteller, A., Schweingruber, F.H.,
Stoeckli, V. (2004): Age analysis helps to
estimate plant performance on ski pistes,
Botanica Helvetica 114/2: 127±138.

[43] Roux-Fouillet, P., Wipf, S., Rixen, C. (2011):
Long-term impacts of ski piste management
on alpine vegetation and soils, Journal of
Applied Ecology 48: 906±915.
[44] 0DãNRYj = 'ROHåDO - .YHW - =HPHN )
(2009): Long-term functioning of a speciesrich mountain meadow under different
management
regimes.
Agriculture,
Ecosystems and Environment 132, 192±202.
[45] Dajic-Stevanovic, Z., Peeters, A., Vrbnicanin,
S., Sostaric, I., Acic, S. (2008): Long term
grassland vegetation changes: case study
Nature Park Stara Planina (Serbia).
Community Ecology 9, 23±31.
[46] 'DMLü 6WHYDQRYLü = /D]DUHYLü ' 3HWURYLü
0 $üLü 6 7RPRYLü *  
Biodiversity of natural grasslands of Serbia:
state
and
prospects
of
utilization,
Biotechnology in Animal Husbandry. In: XII
International Symposium on Forage Crops of
Republic of Serbia, Forage Crops Basis of
Sustainable Animal Husbandry Development,
.UXãHYDF-247.
[47] Kangas, K., Tolvanen, A.,
Kälkäjä, T.,
Siikamäki, P. (2009): Ecological Impacts of
Revegetation and Management Practices of
Ski
Slopes
in
Northern
Finland.
Environmental Management 44, 408±419.

Received:
Accepted:

CORRESPONDING AUTHOR
Jovana Petrovic
Faculty of Forestry University of Belgrade, Kneza
9LãHVODYD
Belgrade, Serbia.
e-mail:

2990



20.09.2015
15.03.2016

jovana.stevanovic@sfb.bg.ac.rs

© by PSP

Volume 25 ± No. 8/2016, pages 2991-2997

Fresenius Environmental Bulletin



HISTOPATHOLOGY AND CELLULAR APOPTOSIS AT
SPERMATOGENIC CELLS OF ZEBRAFISH (Danio rerio) AT
ACUTE AND SUB-CHRONIC EXPOSURE OF TITANIUM
DIOXIDE (TiO2) NANOPARTICLES
Cansu Akbulut*1, Nazan Deniz Yon1
1

Sakarya University Science and Letters Faculty Department of Biology, Sakarya, Turkey

organisms. By the amount of exposure of the
nanoparticles, size is of great importance for the
toxicological studies. Nanoparticles (NPs) have
much more surface area compared to their weight
than larger particles [6]. When the size changed,
Titanium dioxide (TiO2) is one of the most
toxic effects of the material also change too.
commonly used nanoparticles. They are used in a
range of products including sunscreen, cosmetics,
paint, and building materials [7]. United States
Environmental Protection Agency (USEPA)
estimated the annual production of TiO2
nanoparticles (nano-TiO2) to be 2000 metric tons in
around 2005, with 65% of this production used in
products such as cosmetics and sunscreen lotions
>@ 7LWDQLXP GLR[LGH KDV EHHQ FDOOHG ³WKH
environmental ZKLWH NQLJKW´ EHFDXVH LW LV QRW
considered obvious toxic, is very functional, and
can be used for numerous coatings [9]. TiO2 is
photocatalytic ± that means it can produce reactive
oxygen species (ROS) which is another key factor
for toxicity. So it has the potential to produce
cumulative cellular damage [10]. It has been
explored for use in water treatment to destroy
chemicals such as polychlorinated biphenyls
(PCBs), pesticides, and other complex organic
contaminants. The conventional sized TiO2 is
considered to be physiologically inert and poses
little risk to humans, and can be used as food
additives (colorants). However, when TiO2 is made
at the nanoscale (particle size <100 nm), its
biological and environmental effects deserve our
emerging attention [6]. It is inevitable for TiO2 NPs
to aggregate in water due to its strong interparticle
self-absorption properties. The previous report
showed that dispersed NPs which resulted in toxic
effects on the growth of zebrafish [11].
In this study, the toxic effects of acute and
sub-chronic exposure of TiO2 nanoparticles (<150
nm particle size) were evaluated with histological
methods at zebrafish testis tissue. Zebrafish is a
well-known vertebrate model for reproduction and
development studies. The zebrafish (Danio rerio)
naturally lives in Pakistan and India and is a small
fish about 6 cm in length, characterized by a series

ABSTRACT
Titanium dioxide, also known as titanium IV
oxide or titania found in nature and most widely
used in paints, coatings, plastics, foods, cosmetics,
skin care products and medicine. In this study, male
adult zebrafish individuals were exposed to
different doses (1 mg/L, 2 mg/L, 4 mg/L) of
titanium dioxide nanoparticles. Acute and subchronic exposure effects of titanium dioxide
nanoparticles on testis tissues were evaluated with
histological methods. In addition, roles of titanium
dioxide nanoparticle exposure of apoptosis were
revealed with TUNEL method. Titanium dioxide
exposure inhibits spermatogenesis and cause cell
death of spermatogenic cells first time proved with
this study. Depending on dose amounts, while an
increase in the number of sperm cells,
spermatogonia and spermatocytes began to
disappear were detected.
KEYWORDS:
titanium dioxide, nanoparticle, testis, histopathology,
apoptosis

INTRODUCTION
Nanotechnology is an expanding scientific
area which investigates materials at the nanoscale
level (0.1 ± 100 nm in diameter). It has a lot of
commercial products such as silver, silicon,
titanium, zinc, gold, etc. They used in a variety of
applications and they released to the environment.
Following environmental release, they are entering
waterways (e.g., drainage ditches, rivers, lakes,
estuaries and coastal waters) [1-3]. Engineered
nanomaterials are likely to deposit in aquatic
systems and represent a possible risk to aquatic life
[4]. Aquatic organisms can also expose
nanoparticles via the food chain. Zhu et al. [5]
provide that nanoscale TiO2 particles (nTiO2) can
transfer from Daphnia magna to Danio rerio by
dietary exposure.
Nanoparticles generally have toxic effects on
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of five pigmented stripes running the entire length
of each side of its body. The zebrafish are used as
stress test model because they can survive fairly
severe environmental changes, surviving long
enough and show developmental defects.
Inexpensive raise and cheap breeding making them
an excellent animal models for researches. All of
these characteristics have contributed to making
zebrafish the model of choice in this study. Beside
histological studies, apoptotic effects of TiO2 on
spermatogenic cells were investigated by TUNEL
method.

TUNEL reaction mixture in a humidified chamber
at 37°C for 1 h, antidigoxigenin±peroxidase
complex was added for 30 min at RT. Sections
were thHQ WUHDWHG ZLWK ƍ-diaminobenzidine
(DAB) for 5 minutes. Sections were counterstained
with Wiegerts Hematoxylin. Tissues were
dehydrated in ascending series of ethanol, cleared
in xylene and mounted with entellan. Apoptotic
cells monitored with light microscope.

RESULTS
Histological Assessment. In the control
group, the normal testicular histological structure
was observed. Cells which belong to seminiferous
tubules were identified as Koc et al. [12].
Seminiferous tubules were monitored clearly.
Connective tissues, spermatogenesis cell structures
in the seminiferous tubules (spermatogonia, primer
spermatocyte,
secondary
spermatocyte,
spermatides, sperms) were normal. While
spermatogenic cells were at the basal part of
seminiferous tubules, sperm cells were found in the
lumen. Leydig cells were also monitored clearly
between seminiferous tubules. (Figure 1)

MATERIALS AND METHODS
Exposure and Experimental Design. In this
study <150 nm particle size titanium dioxide
nanoparticles were used. Titanium dioxide
nanoparticle was obtained from Sigma Aldrich
CAS number 13463-67-7. Zebrafish were raised in
a computer-controlled incubation chamber, and
ideal breeding conditions were maintained to ensure
a maximum yield. The zebrafish received 14 hours
of daylight and 10 hours of darkness every night.
The temperature and humidity were kept at 28.5°C
and 61%, respectively. After one week adaptation
period zebrafish divided into four group (n=15) as
one control and 3 experimental groups (1 mg/L, 2
mg/L and 4 mg/L TiO2) for both acute and subchronic exposure groups. Following the preliminary
experiment, all determinations were repeated three
times. Mortality was assessed during 5 days for
acute doses and during 40 days for sub-chronic
doses. For investigating the effects of TiO2, fishes
were dissected after 5 and 40 day of the study for
acute and sub-chronic doses respectively.
Histological Experiments. Tissues were fixed
in neutral formaldehyde for 24 h. After fixation,
tissues were dehydrated in ascending concentrations
of ethanol, equilibrated in xylene. The tissues were
then embedded in paraffin wax and cut into 5-ȝP
sections on a Leica microtome. The sections were
mounted on glass slides and stained with
hematoxylin and eosin before examination under a
Olympus light microscope.

FIGURE 1
Testis tissue at control group, SC: sertoli cell,
SG: spermatogonia, PS: primary spermatocyte,
SS: secondary spermatocyte, ST: spermatide, S:
sperm, x100, H&E staining.

Analysis of germ cell death. Terminal
deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) is an established method for
detecting DNA fragments. After deparaffinized and
rehydrated sections, tissues were treated with
SURWHLQDVH .  ȝJP/  IRU  PLQ DW URRP
temperature (RT). Tissues were washed with PBS
twice and sections treated in darkness with 3%
hydrogen peroxide in PBS for 5min. For detecting
apoptotic cells Milipore Apop Tag Peroxidase In
Situ Apoptosis Detection kit has been used.
Following incubation of the sections with the

Acute Exposure. At acute TiO2 exposure,
deteriorations at seminiferous tubules were
observed. While TiO2 exposure dose increase, the
sperm cell count was also increased. In 1 mg/L
TiO2 exposure group, minor degenerations were
detected. Vacuolization at seminiferous tubules
were monitored (Figure 2a). The shapes of the
seminiferous tubules were normal. However,
openings between sperm cells were also observed
(Figure 2a, 2b).
Similar effects were also seen at 2 mg/L TiO 2
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seminiferous tubules was also detected. Many
seminiferous tubules were found to converge.
Degenerations and openings between cells were
more severe (Figure 2e, 2f). When compared with
the control group, increase in the number of sperm
cells and decrease in the number of spermatogonia
were also observed in this group too (Figure 2f).

exposed group. Openings between sperm cells were
observed in this group too (Figure 2c, 2d).
However, degenerations were more severe.
Compared with control and 1 mg/L exposed group,
decrease in the number of spermatogonia and
increase in the number of sperm cells were detected
(Figure 2c).
In 4 mg/L TiO2 exposed group, deteriorations
and corruptions at the structure of the seminiferous
tubules were monitored. Disintegration at

FIGURE 2
Acute exposure group a) Testis tissue at 1 mg/L TiO2 vacuolization at seminiferous tubule (showed with *)
b) Seperation between sperm cells at seminiferous tubule, c) Openings and degeneration at seminiferous
tubules (showed with star), increase in the number of sperm cells d) Testis tissue at 2 mg/L TiO2 acute
exposure group, Separation between sperm cells at seminiferous tubule e) corruption at seminiferous
tubule shape, increase in the number of sperm cells, openings at seminiferous tubules (showed with star),
combination of three seminiferous tubules showed with circle f) Testis tissue at 4mg/L TiO 2 exposed
group, deteriorations and openings at seminiferous tubules (showed with star), combination of two
seminiferous tubules showed with circle, SG: spermatogonia, PS: primary spermatocyte, SS: secondary
spermatocyte, ST: spermatide, S: sperm cells Magnification: a,c,e,f: x40, b,d: x100, Stain: H&E staining
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Sub-chronic Exposure. At sub-chronic doses
of testis tissue, more deformations were detected
when compared with acute doses. Severe damages
were determined at the structure of seminiferous
tubules. In 1 mg/L TiO2 exposed group, decrease in
the number of spermatogonia and spermatocyte
cells were monitored. The openings in the
seminiferous tubules were higher compared with
the acute doses (Figure 3a). In 2 mg/L TiO2
exposed group, disintegration at seminiferous
tubules were observed. Separation of cell groups
which belongs spermatogenic serie was determined.
Deteriorations at seminiferous tubules were more
severe when compared with 1mg/L TiO2 exposed
group (Figure 3b). Tissues at 4 mg/L exposed
group, spermatogonia, spermatocyte and spermatide
cells have begun to disappear in most tubules.
Instead of other spermatogenic cells seminiferous
tubules filled with sperm cells were found (Figure
3c). In addition, the connective tissue between
seminiferous tubules was completely disappeared
(Figure 3d).

were detected as TUNEL positive cells in the
seminiferous tubules. TUNEL positive cells were
counted individually in the epithelium. The other
spermatogenic cells were not apoptotic (Figure 4b).
In 2 mg/L TiO2 exposed group, sertoli cells and
spermatocytes were detected as TUNEL positive
cells in the seminiferous tubules (Figure 4c). In 4
mg/L TiO2 exposed group, many apoptotic cells
were monitored at seminiferous tubules. Some of
spermatogonia and spermatocyte cells were
TUNEL positive (Figure 4d). In chronic doses more
TUNEL positive cells were observed when
compared with acute doses. In 1mg/L sub-chronic
TiO2 exposed group, TUNEL positive cells were
counted individually in the epithelium. The number
of TUNEL positive cells was counted individually
in the sperm area, and divided by area of the sperm.
There were several TUNEL positive cells in the
epithelium and few cells in sperm area. In 2 mg/L
TiO2 exposed group, apoptosis were detected at
sperm cell groups in seminiferous tubule. Few
epithelial cells were TUNEL positive (Figure 4f). In
4 mg/L TiO2 similar effects were detected when
compared with 2 mg/L TiO2 sub-chronic exposure
group. TUNEL positive cells were detected at
sperm cells (Figure 4g).

Effects of TiO2 on Cellular Apoptosis. In the
control group, few apoptotic cells were detected
(Figure 4a). It was observed that the nuclei of
TUNEL positive cells stained brown. In acute
doses, at 1 mg/L TiO2 exposed group, sertoli cells

FIGURE 3
Sub-chronic doses of testis tissue, a)1 mg/L TiO2 exposed group, decrease in the number of spermatogonia
and spermatocytes, opening at seminiferous tubule (showed with star) b) 2 mg/L TiO 2 exposed group,
disintegration at seminiferous tubule (showed with arrows), opening at seminiferous tubule (showed with
star) c) 4 mg/L exposed group, spermatogonia, spermatocyte and sperm cells have began to disappear,
opening at seminiferous tubule (showed with star) d) 4 mg/L exposed group, disappearance of connective
tissue (showed with arrow) LC: leydig cell, SC: sertoli cell, SG: spermatogonia, PS: primary
spermatocyte, SS: secondary spermatocyte, S: sperm, Magnification: a,b,c: x100, d: x40, Stain: H&E stain
2994



© by PSP

Volume 25 ± No. 8/2016, pages 2991-2997

Fresenius Environmental Bulletin



FIGURE 4
TUNEL positive cells at testis tissue, apoptotic cells showed with arrow a) Control group b) 1mg/L TiO2
(acute exposure), apoptosis at sertoli cells c) 2 mg/L TiO2 (acute exposure), sertoli cells and spermatocytes
are apoptotic d) 4 mg/L TiO2 (acute exposure), spermatogonia and spermatocytes are apoptotic e) 1 mg/L
TiO2 (sub-chronic exposure), apoptosis at sperm cell groups f) 2 mg/L TiO 2 (sub-chronic exposure),
apoptosis at sperm cell groups g) 4 mg/L TiO2 (sub-chronic exposure), apoptosis at sperm cell groups, SC:
sertoli cells, SG: spermatogonia, PS: primary spermatocyte, SS: secondary spermatocyte, S: sperm
Magnification: b, c, d: x40, a, e, f: x100
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with altered spermatogenesis. In adition, in vitro
studies showed that TiO2 and carbon black
nanoparticles affect Leydig cell viability; gold
nanoparticles reduce human sperm motility; and
silver, aluminum and molybdenum trioxide
nanoparticles damage spermatogonia stem cells.
Similarly, Noori et al. [19] showed that magnetic
iron oxide nanoparticles cause significant
reductions spermatogonia, primary spermatocytes
and spermatides in testis in mice. In this study,
similar titanium dioxide nanoparticles showed
similar toxic effects.
Consequently several studies indicated that
TiO2 nanoparticles cause several deformations in
different tissues of organisms. Acute and subchronic TiO2 nanoparticle exposure cause
histopathological changes at seminiferous tubules.
The results of this study indicate that TiO2
nanoparticle exposure cause increase in the number
of sperm cells and cause a decrease in the number
of the other spermatogenic cells vice versa. Acute
and sub-chronic exposures inhibit spermatogenesis
and cause cellular apoptosis in seminiferous tubules
were found in this study.

DISCUSSION AND CONCLUSION
Nanomaterials have toxic effects on
reproduction and development of organisms.
Electron microscopy studies showed that
nanoparticles can pass through the chorionic pores
and cause developmental defects [13]. Chen et al.
[6] investigated effects of titanium dioxide
nanoparticles on growth and some histological
parameters of zebrafish after a long-term exposure
and they revealed that there are obvious adverse
effect to zebrafish, including concentration
dependent and time-dependent inhibition of growth
and decrease the liver weight ratio of zebrafish.
They also investigated histological effects of TiO2
on gills, liver and heart tissue. Meanwhile, only the
gills displayed histopathological change including
thickening of edema and the gill lamellae.
Moreover, Wang et al. [14] evaluated disruption of
zebrafish reproduction upon chronic exposure to
TiO2 nanoparticles. They used female individuals
and provided that chronic exposure of zebrafish to
0.1 mg/L TiO2 can significantly impair zebrafish
female reproduction. They found that the
distribution of follicular developmental stages was
skewed by the TiO2 treatment toward the immature
stage, as evident by an increase in stage I follicles
and some reduction in other stages, especially, stage
IV follicles. On contrary, male individuals were
used the effects of TiO2 were investigated on male
reproduction in this study. In addition, TiO2 blocks
spermatogenesis and cause apoptosis were
provided. In short term exposure it cause increase in
the number of sperm cells however decrease in the
number of the other germ cells in seminiferous
tubules. So it is also proved that sub-chronic TiO2
exposure causes severe deteriorations at
seminiferous tubules and cause germ cells
apoptosis. Similarly Wang et al. [14], this study is
also proved that TiO2 exposure inhibits
reproduction at zebrafish.
Nanoparticles are capable of inducing
detrimental effects on the reproductive systems of
mice and zebrafish as well as their fetal
development both in vivo and in vitro [15].
Titanium dioxide nanoparticles have previously
been shown to cause apoptosis in mammalian cells
[16]. In addition Federici et al. [17] investigated
effects of TiO2 nanoparticles on rainbow trout
(Oncorhynchus mykiss) and they find apoptotic
bodies in the livers of some fish exposed to TiO 2
nanoparticles. Similarly in this study apoptotic cells
were monitored at testis tissue of zebrafish. Ema et
al. [18]'s study showed that in vivo studies show
that titanium dioxide (TiO2) nanoparticles injected
subcutaneously into pregnant mice result in male
offspring with altered spermatogenesis and
histopathological changes in the testes, and that
carbon black nanoparticles instilled within the
trachea of pregnant mice result in male offspring
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HISTOPATHOLOGY OF RAINBOW TROUT
(Oncorhynchus mykiss) AND STURGEON (Acipenser baerii)
EXPOSED TO SUBLETHAL CONCENTRATIONS OF
CEMENT
Ilker Zeki Kurtoglu*, Sevki Kayis, Kubra Ak, Songul Gencoglu, Ahmet Duzgun, Gokay Ulutas, Akif Er
5HFHS7D\\LS(UGR÷DQ8QLYHUVLW\)DFXOW\RI)LVKHULHV6FLHQFHV'HSDUWPHQWRI$TXDFXOWXUH5L]H7XUNH\

life at aquatic ecosystem in a negative way. In order
to evaluate these effects at macro and micro levels
and take the necessary precautions, different studies
are conducted, and preventive measures are applied
by Turkish environmental authorities and
organizations. Despite this, lots of negative cases
are observed during the construction work around
aquatic areas.
The amount of the issued reports which are
related to negative effects on water sources like
stream
bed
remediation
studies,
bridge
constructions, tunnel constructions, discharge of
ready mixed concrete manufacturing facilities into
water sources are increasing day by day. The readymixed concrete is prepared by mixing proper
amounts of aggregate compounds, cement, some
kind of additional chemicals and water in the readymixed concrete plants.
,WZDVVWDWHGWKDWWKHUH VKRXOGEHD³:DVKLQJ
%DUUHO´DQGD³6HWWOLQJ3RRO´LQWKHIDFLOLW\Dnd the
recycling process must be applied in order to regain
the aggregates in the wastewater and the concrete
mixer. It is stated that the types of waste materials
give damage by leading to the prevention of the
development of spawns and larvae of other
organisms.
So far, the micro and macro effects of the
construction work in inland waters of Turkey have
not been studied in detail. Environmentalists and
fish farms which are acting in these types of water
sources cannot prove their damages which are
related to the construction work. The chemicals
which have been studied to determine the potential
negative effects on fish are, generally pesticides [1,
2, 3, 4], fertilizer combinations [5], disinfectants
[6], and nanoparticles [7] in recent years. These
material groups have been in active interaction with
the natural environment.
In this context, the aim of this study is to
determine the potential negative effects of the
cement, which is the unchanging element of
concrete construction, in terms of toxicology and
histopathology
studies
in
rainbow
trout
(Oncorhynchus mykiss) and Siberian sturgeon
(Acipenser baerii). These data will be helpful in
solving the future problems in wetlands.

ABSTRACT
In the present study, histopathologic effects of
the cement mixing with water in aquatic
environment on rainbow trout (Oncorhynchus
mykiss) and Siberian sturgeon (Acipenser baerii)
has been examined. Both of the two fish species
were exposed to 125 and 500 mg/l of concentrated
cement for 96 hours. LC50 values were calculated
0.44 g/l for trout (O. mykiss) and 0.62 g/l for
Siberian sturgeon (A. baerii) at the end of the
experiment for 96-hour test period. No mortality
was observed in control groups. Multiple
deformations became remarkable in the gills of
both species. However, some hyperplasia was
observed on secondary lamellae of gills of both fish
species. Hyperplasia rates were found to be much
higher in the sturgeon individuals than the trout
individuals. Also, lamellar fusion was another
important pathology in the gills of the sturgeon
individuals. Few necroses have been encountered
on the lamellas of the trout gills. Multiple fat
granules were observed in the trout liver tissue,
melanomacrophage centers and necrosis on
sturgeon liver tissue treated with 500 mg/l cement.
As a result, this study expressly shows that both of
the two species, Siberian sturgeon and rainbow
trout,
cannot
tolerate
cement-sourced
contamination.

KEYWORDS:
Aquatic Sustainability, Cement, Histology, LC50,
Pathology, Toxic Effect.

INTRODUCTION
Aquatic ecosystems in the inland waters,
retaining walls constructed to avoid floats and
overflows, concrete constructions made for
hydroelectric power plant (HEPP) projects, the
water mixed with concrete coming from
manufacturing materials of concrete constructions,
which are constructed into the stream beds like
bridge constructions to aquatic ecosystem affect the
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water temperature in paraffin for overnight.
The tissue samples were embedded in paraffin for
the tissue section process. In the tissue section
SURFHVV WKH WLVVXHV ZHUH VOLFHG LQWR  ȝP
thickness, deparaffinization process was applied
and tissues were subjected to 30%, 50%, 70% and
100% alcohol series. Tissue sections were stained
with hematoxylin and eosin, fixed with entellan and
histopathologic changes were examined [3].

MATERIALS AND METHODS
Fish Material. In this study, rainbow trout
(Oncorhynchus mykiss) and Siberian sturgeon
(Acipenser baerii) were obtained from Recep
7D\\LS (UGR÷DQ 8QLYHUVLW\ $TXDFXOWXUH 5HVHDUFK
and Application Center. Ninety trout individuals
(40 g of average weight) and 30 sturgeons (120 g of
average weight) were received for toxicological
experiments.

RESULTS

Experimental Design. The experiments were
performed in 70 lt tanks. The tanks were designed
to include10 fish in each tank with 2 recurrences.
Water temperature and pH values were measured
before trials and after adding cement. 125 and 500
mg/L concentrated cements were added to the tanks
in this study. At the same time, control groups were
formed for each species [8].

Experimental Water and pH values.
The water temperature was 10r0.5°C at the
beginning of the study and it was fixed at this value
till the end of the study. The pH value of the water
was measured as 7.3 at the beginning for each fish
species. It was measured as 9.5 after adding cement
at 125 mg/l cement concentration trial; and as 10.5
after adding 500 mg/l cement concentration.

Calculating the LC50 Value. The study was
designed to calculate the concentrations that would
kill 50% of the fish in the experiment in 96 hours.
This process has been performed by Probit
Analysis, which is a program within the SPSS 10.0
Statistical Software.

Macro Findings. It has been observed that
trout (Oncorhynchus mykiss) gets stressed since the
beginning of adding the cement. Also, it has been
observed that they were much calmer and stressfree in comparison with the trout when changes in
the fish was monitored during the experiment. No
cataracts formation was observed inside the eyes of
the fish during the experiment. Unbalanced floating
and floating on water surface were observed in both
species. Mortality have been reported since the first
day in the trout groups which were treated with 500
mg/L dosage.

Histologic Studies. After the experiments,
each group of the fish have been treated with
benzocaine (25 mg/l) before mortality; and their
livers, kidneys, spleens and gill tissues were fixed
with 10% neutral buffer formalin (NBF). After 24
hours, the tissues were kept at 50% ethyl alcohol
solution for 48 hours. Then the tissues went through
alcohol series and they were incubated at 65°C

FIGURE 1
Histopathology in the gills of the trout and the sturgeon fish species, which were used in the experiments,
A; Trout control group, B, C; gill tissue of trout applied 500mg/l dose, (md) multiple deformations, (hp)
hyperplasia, (n) necrosis, D; sturgeon control group, E, F; gill tissue of sturgeon applied 500 mg/l dose,
(md) multiple deformations, (hp) hyperplasia and lamellar fusion have been shown with black arrow.
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FIGURE 2
Histopathologies of the liver and the kidney tissues of the trout and the Siberian sturgeon in trials; A:
Trout control group, D: Trout liver tissue treated with 500mg/l dosage, (fg) fat granules B; liver of
sturgeon control group, E; Sturgeon liver treated with 500 mg/l dosage, (mc), melanomacrophage centers,
C; sturgeon fish control group, F; sturgeon fish kidney tissue treated with 500 mg/l dosage, (n), necrosis.
and lower, and others at pH 10 and higher.
Although fish had been found at pH values from 410, for maximum productivity, the pH level should
be maintained between 6.5 and 8.5. The pH values
between 9 and 10 can result in partial mortality for
the rainbow trout (Oncorhynchus mykiss), the
brown trout (Salmo trutta) and the salmon [9]. The
pH range is not directly lethal to freshwater fish as
5.0-9.0. Chronic exposure to pH values above 10
can be harmful to all salmonids, and pH values
higher than 9, can be harmful for some other
species [10].
Domestic and industrial effluents discharges
are considered one of the most significant threats of
the aquatic environments worldwide [11]. High pH
levels between 9 and 14 can be harmful for the
living species by denaturing cellular membranes.
Because alkalinity and pH are so closely related,
changes in pH can also affect alkalinity, especially
in poorly buffered waters [12].
Productivity and financial worries are the most
important topics for developing countries in the
case of utilizing natural sources efficiently. In this
sense, aquatic resources are revised for especially
obtaining energy, facilitating transportation and
community safety by taking the reclamation works
into account. Aquatic organisms can be affected
after these activities usually at a later time period.
Concrete and cement in the concrete are the main
and fixed materials for nearly all activities in water.
Many fish massacre have been reported at different
times because of concrete activities in aquatic
environments. Although there are various scientific
studies which have examined the effects of cement
on fish, the data in the literature are still limited.

Histologic Studies. In the assessment of the
fish tissue sections, first of all, alterations at gills
were examined when the pathologies were checked.
Multiple deformations were observed in the gills of
both species. Apart from that, hyperplasia were
observed in the gill lamellas of both species, too. In
sturgeon, hyperplasia ration was found higher than
in trout. Also in sturgeon gills, lamellar fusion was
observed as another important pathology. In the
trout, cellular necroses were seen rarely in the
lamellae of gills (Figure 1). Multiple fat granules
were observed in the trout liver tissue treated with
500mg/l dosage of cement. Melanomacrophage
centers and necrosis were observed in the sturgeon
liver treated with 500 mg/l dosage (Figure 2).
LC50 Value. LC50 value was calculated as
0.44 g/l for the trout (Oncorhynchus mykiss) and
0.62 g/l for the Siberian sturgeon (Acipenser baerii)
at the end of the 96 hours experimental period. No
mortality was observed in the control groups.

DISCUSSION AND CONCLUSIONS
The water pH level of 6-9 affects the normal
physiological functions of the aquatic organisms,
including the exchange of ions with the water and
respiration. The acceptable range of pH in aquatic
life, particularly in fish, depends on numerous other
factors including prior pH acclimatization, water
temperature, dissolved oxygen concentration, and
the concentrations and ratios of various cautions
and anions. Some aquatic organisms (e.g. certain
species of algae) have been found to live at pH 2
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[13] investigated the toxic effects of Portland
cement in Salmonid fish in his study; and reported
that 60% of the animals died in 24 hours after
applying 100 mg/l dosage at 15°C. The researcher
observed the pH value and stated that it exceeded
10.5 in his study, but he did not evaluate how toxic
effects occur on tissues histologically. In the
present study, the LC50 value was calculated for the
trout as 0.44 gr/l at 10r0.5°C for 96 hours period
and the pH value was 10.5 at 500 mg/L trial. There
was no detailed information on the toxic effects of
the cement in sturgeon, and this study enabled to
compare responses of the trout and the sturgeon to
cement-sourced toxic effects. In this context, it has
been concluded that the sturgeon is more resistant
to toxic effects than the trout under same
environmental conditions.
Effects of different abiotic and biotic factors
that affect fish have been examined extensively in
histological studies [14, 15, 16]. Destructions made
at tissues by manure, bacteria, virus and parasites
have been reported [1, 2, 3, 4]. This study enables
the histological comparison of the responses to
toxic effect of two different species. Gills of fish
are the preliminary impact area of contaminated
toxicants in water. In this study, malformations and
low level hyperplasia were observed at the trout
gills, severe hyperplasia and low malformation
were observed at sturgeon gills. Severe fat vacuoles
at trout livers and only melanomacrophage
formation at sturgeon livers were observed when
the pathologies were considered in the liver and
kidney tissues. Few necroses receive attention in
the sturgeon when kidney tissues of each species
are examined. According to these data, although the
trout have fewer damages than the sturgeon in gill
tissues during treatment with toxic material, they
could enter stress conditions much earlier and they
had high mortality levels than the sturgeon. This
can be explained by the differences of weight rates
and oxygen requirements of the two species. Also
vacuolization was observed in liver tissue which
can occur due to high mortality rate in the trout. It
is a known fact that the aquatic ecosystem does not
consist of macro living creatures. In future studies,
which and how toxic materials affect the aquatic
ecosystem, flora and fauna in a must be studied.
This study is about how fish can be affected in the
media where there are cement-added products,
which is the most important part of the
anthropogenic activities. This study has clearly
demonstrated that fish species, the sturgeon and the
trout, cannot tolerate cement-sourced toxicities. It is
necessary that, in future studies that will be
conducted in watery areas, the necessary
precautions must be taken, and it must also be
studied that how the other living creatures are
affected by the toxic effects.
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ABSTRACT

INTRODUCTION

Groundwater resources in arid areas are of
great significance for domestic and drinking water
uses, industrial and agricultural water supplies, and
ecosystem maintenance. Excessive groundwater
exploitation would inevitably lead to water table
drawdown and ecosystem degradation. The Qaidam
Basin is an inland arid area located in NW China.
The piedmont is a large thick sandy gravel porous
phreatic zone with rich groundwater resources,
which primarily recharges by vertical infiltration of
rivers from mountains. Four wellfields with a total
exploitation amount of 160,000 m3/d were proposed
in the Qaidam Basin. However, water table decline
occurs in most downstream spring-derived rivers
and associated wetland areas. The range of 0 to 1 m
drawdown is 1232 km2 and that of >1 m drawdown
is 703 km2, accounting for 50% and 29% of the
total area of spring-derived rivers and associated
wetlands, respectively. The planned exploitation
amount is clearly too large to result in groundwater
withdrawal and ecosystem degradation in the
downstream. This study considered ecosystem
protection constraints (i.e., no water table
drawdown in spring-derived rivers and associated
wetlands). Based on groundwater numerical
simulation results, the total allowable exploitation
amount is estimated to be 50,000 m3/d, i.e., ~30%
of previous estimates. This study provides a
reference for ecological protection during
groundwater development and utilization planning
in similar arid areas. The results have notable
implications for maintaining the health and
development of ecosystems and optimizing
utilization of groundwater resources in arid areas.

3UHVHQWO\  RI WKH ZRUOG¶V SRSXODWLRQ LV
facing water safety threats [1]. Owing to population
increase and economic development, formerly
invisible groundwater resources have been
promoted to a strategic level. On a global scale,
more than two billion people depend on
groundwater supply, while large agricultural and
industrial areas also rely on groundwater [2]. Due
to excessive exploitation, the annual depletion rate
of groundwater has substantially increased from
126 km3 in 1960 to 283 km3 LQ7KH ZRUOG¶V
major agricultural areas, such as NW India, the
North China Plain, and the central United States,
are among the most seriously depleted areas [3].
The phenomenon of groundwater depletion is more
prominent in arid areas, which account for ~30% of
the total land area.
Human economic engineering activities
focusing on water resource development lead to a
considerably more intense water resource
redistribution process in arid areas than in general
areas. The redistribution process does not only
result in changes of spatial-temporal distribution of
water quality and quantity in river systems but also
strongly disturbs underground aquifers in close
hydraulic connection with river water. Human
disturbance of groundwater systems can lead to
long-term
disastrous
hydrological
and
environmental effects with difficult recovery [4]. In
WKH YDVW PDMRULW\ RI WKH ZRUOG¶V DULG DUHDV
excessive development of groundwater has resulted
in degradation of hydrogeological conditions and
depletion of groundwater resources, further causing
serious eco-environmental issues such as land
subsidence, saltwater intrusion, groundwater
pollution,
vegetation
degradation,
land
desertification, and soil salinization [5]. Climatic
and topographic conditions determine the basic
pattern of regional ecosystems. Pattern structure
and spatial distribution undergo constant changes
due to human activities and climate change, as well
as their interactions, which trigger regional

KEYWORDS:
wellfield, groundwater resource, arid inland basin,
ecological degradation
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methods and allowable drawdown of groundwater
in arid areas by considering ecological protection
constraints.
In the present study, the Qaidam Basin in NW
China is chosen as example of arid inland areas.
Groundwater numerical simulation is used to
optimize the allowable exploitation amount from
the proposed large wellfield by considering
protecting downstream wetlands constraints and
associated ecosystems. The ultimate goal is to
achieve a coordinated development of ecosystem
and economy. The study will also provide a
reference for ecological protection in groundwater
development and utilization planning in similar arid
areas.

environmental
problems
[6-9].
Excessive
groundwater exploitation will inevitably result in
groundwater water table drawdown. Ecosystems
maintained by groundwater are highly sensitive to
changes in groundwater recharge and circulation
and the latter factors control the overall water level,
water quality, and ecological dynamics [10]. The
presence of a healthy ecosystem is of great
significance for the improvement of regional ecoenvironment. Worldwide, ecological restoration
projects are increasingly implemented in order to
protect arid areas (especially downstream
ecosystems) and prevent land desertification [11].
In recent years, a new interdisciplinary
subject, i.e., eco-hydrogeology, has been developed
based on the importance of groundwater in
maintaining the health of the riverbank, desert, and
wetland ecosystems. From the perspective of
hydrogeology, eco-hydrogeology explores the
evolutionary process and mechanisms of
ecosystems, such as rivers, lakes, and wetlands
[12]. Cutting-edge topics in current international
wetland research are the influence of groundwater
hydrologic processes on wetland ecosystems, the
regulation of the transforming relationship of water
quantity and quality in a wetland - groundwater
system and the maintenance of wetland ecosystem
health and stability [13].
The average annual precipitation on plains
within arid areas of China is below 200 mm/a,
which contributes little diffuse recharge into the
aquifer. In contrast, abundant precipitation in the
mountains causes substantial runoffs and
development of several rivers. The oasis and desert
ecosystems on the plains and in the middle
downstream of river basins in arid areas are
maintained by runoffs from upstream mountains. If
the middle and upstream of the basin is
overdeveloped, downstream ecosystems will be
seriously destructed. There are a series of
environmental issues related to river cutoff,
vegetation death, and desertification in the
downstream of the Tarim River Basin, Heihe River
Basin, and Shiyang River Basin [14]. The recent
water diversion project has to some degree
alleviated associated ecological degradation. In a
general trend, however, the current situation is far
from the historical runoff and ecosystem state [15].
Previous studies have focused on the
relationship between ecosystem and groundwater
by considering river ecological water demand,
reasonable ecological water level, and plant
tolerance [16-18]. Wang et al. [19] determined the
suitable ecological water table based on the
relationship between vegetation abundance and
groundwater depth and further assessed the
ecological risk to vegetation under the groundwater
exploitation scheme to be selected. So far, little
work has been dedicated to assessing development

MATERIALS AND METHODS
Study Area. Topographical, meteorological,
and hydrological conditions. The study area is
located in the eastern part of the southern margin of
the Qaidam Basin, facing the Kunlun Mountains to
the south and alluvial-pluvial sloping plains to the
north. The topography is high in the south and low
in the north. From south to north, high mountains,
middle-low mountains, piedmont alluvial-pluvial
plains, alluvial-lacustrine plains, and lacustrine
plains are distributed. Freshwater marshes, salt
marshes, and lake marshes developed on alluviallacustrine and lacustrine plains.
The study area has a typical continental
climate (high, cold, arid), which is windy and less
rainy. There are strong evaporation and long
sunshine hours with a substantial temperature
difference between day and night. According to
meteorological data from Xiangride and
Nuomuhong in the study area, the average annual
temperature is 3.6±4.5°C. Average annual
precipitation gradually decreases from east
(Xiangride 167 mm/a) to west (Nuomuhong 43
mm/a) along the southern margin of the basin. The
precipitation mainly occurs from June to August,
accounting for 59%±71% of the total annual
precipitation. Annual evaporation increases from
east to west, i.e., 1953 mm/a in Xiangride to 2651/a
mm in Nuomuhong.
There are many rivers in the study area. Major
mountain rivers originate in the Kunlun Mountains
in the south, flowing east to west or south to north
into the basin. Due to infiltration, mountainous
runoffs undergo substantial water loss. At the front
edge of the desert, groundwater overflows to the
surface and accumulates to form spring-derived
rivers, ultimately joining the southern and northern
Huobuxun Lake. The major rivers include
Nuomuhong, Qingshui, and Xiangride River (Fig.
1).
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FIGURE 1
Hydrogeological map of the study area.

basin. Resultant large and thick Cenozoic deposits
provided a good setting for the occurrence of
groundwater. Due to the heterogeneity of new
tectonic movements, the lake marshes in the north
are lower than the Kunlun Mountains in the south
(>2000 m). This property leads to a clear zonation
of
climate,
topography,
lithology,
and
hydrogeology in the study area and also controls the
main runoff direction of groundwater and the
occurrence conditions and distribution patterns of
groundwater in different zones (Fig. 2).

Hydrogeological conditions. Groundwater
occurrence conditions and distribution patterns.
The Xiangride-Nuomuhong piedmont plain area
includes different hydrogeological units, such as the
alluvial-pluvial fans of Xiangride, Hatu River,
Hongshui River, Qingshui River, and Nuomuhong.
This area has experienced multiple tectonic
movements. Especially in the late geological
period, the Kunlun Mountains strongly rose, while
the Qaidam Basin relatively subsided. Detrital
materials denuded and weathered from the
mountains were carried by surface water into the

FIGURE 2
Hydrogeological profile (location can be found in Fig. 1).
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TABLE 1
Previously proposed wellfields and allowable exploitation in the Qaidam Basin.
No

Wellfield

Allowable exploitation (m3/d)

Scale

Drawdown (m)

1

Nuomuhong

100,000

Large

18.60

2

Zongjia

20,000

Medium

2.89

3

Qingshui River

20,000

Medium

3.11

4

Balong

20,000

Medium

9.98

.

As shown in Fig. 3, water table drawdown
occurs in most areas of spring-derived rivers and
associated wetlands. The range of 0±1 m drawdown
is 1232 km2 and that of >1 m is 703 km2,
accounting for 50% and 29% of the total area of
spring-derived rivers and associated wetlands in the
evaluation area. The proposed exploitation is
clearly unsustainable, which would lead to water

table drawdown and ecosystem degradation in the
downstream,
potentially
increasing
land
desertification. In the following part, the allowable
exploitation of wellfields in the study area will be
reassessed from the perspective of protecting
downstream spring-derived rivers and associated
ecosystems
maintained
by
river
water.

FIGURE 3
Groundwater drawdown contour map of the proposed water sources after 20 years of exploitation [21].

Basic data. A comprehensive collection of
data has been obtained since the 1970s in the study
area with a size of 3600 km2, such as
hydrogeological borehole data, pumping test data,
hydrogeological
cross
sections,
and
hydrogeological survey reports. There are eight
related hydrogeological reports and 99 sets of
borehole data. The 2009±2010 surface water and
spring flow data, dynamic monitoring results of the
water table from 23 wells, and well pumping test
reports from relevant wellfields have also been
collected.

Numerical groundwater model. Conceptual
model. In the study area, the area above the
southward of the phreatic evaporation area is the
middle-upper part of the alluvial-pluvial fan with a
single-layer phreatic aquifer. A partial distribution
area of a multi-layered aquifer with phreatic, microconfined, and confined aquifer exists in the
evaporation-overflow zone. The entire calculation
area is generalized as macro-structure of the singlelayer equivalent phreatic aquifer in this study
because of a lack of data for confined water levels
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and limited distribution of the confined aquifer in
the evaporation-overflow zone. According to the
borehole data, the phreatic aquifer is mainly
composed of alternating sandy pebble, sandy
gravel, sand and silty clay, forming a single aquifer
structure. The hydraulic characteristics and
parameter equivalents of the aquifer are described
in the model using all equivalent values of the
aquifer within the simulation depth. The spatial
structure of the model is generalized into a single

phreatic aquifer structure based on the borehole
stratigraphic and hydrogeological profile (Fig. 2).
The simulation depth is the burial depth of the
phreatic aquifer.
Numerical model. The non-homogeneous,
anisotropic, instable groundwater flow system with
spatial three-dimensional structure is described
using the groundwater flow continuity equation and
its definite conditions (equation (1)):
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ZKHUHȍ- seepage area;
h - Water level elevation of the aquifer (m);
Kx, Ky, and Kz - Permeability coefficients in
the x, y, z directions, respectively (m/d);
Kn - Permeability coefficient in the normal
direction of the boundary face (m/d);
S - Permeability coefficient of the confined
aquifer (1/m);
ȝ - Specific gravity yield of the phreatic
aquifer;
İ- Source and sink terms of the aquifer (1/d);
p - Groundwater recharge (e.g., precipitation)
intensity at the phreatic water table (m/d);
h0 - Initial water level distribution of the
aquifer (m);
ī0 - Upper boundary of the seepage area, i.e.,
the free surface of groundwater;
ī2 - Lateral boundary of the seepage area;
ī4 - Lower boundary of the seepage area, i.e.,
the impermeable boundary at the bottom of
confined aquifer;
ñ- normal direction of the boundary face; and
q (xy,z, t) is defined as the discharge per unit
width of the two types of boundaries (m2/d·m);
positive values for the inflow, negative values for
the outflow, and 0 for the impermeable boundary.
The definite problem is solved using the
VISUAL MODFLOW groundwater modeling
software to build the groundwater numerical
simulation model of the study area. After
rectangular subdivision, the simulation area is
composed of 62472 cells.

Model identification and verification. Based
on the comprehensive analysis of hydrogeological
conditions, phreatic water is divided into four
hydrogeological parameters (Fig. 1). The main
aquifer parameters include permeability coefficient,
specific yield, infiltration coefficient of atmospheric
precipitation, and permeability coefficient of
irrigation return. Model identification is performed
using the dynamic data of the 2010 groundwater
series. The calculated flow field of the identified
model is consistent with the actual flow field, and
the dynamic variation trends of groundwater tend to
coincide (Fig. 4). Simulated and measured water
levels are similar in different borehole observation
wells (Fig. 5). Thus, identified hydrogeological
parameters comply with actual hydrogeological
conditions.
Exploitation model setting. Spring-derived
rivers and associated wetlands maintained by river
water are highly sensitive to water table changes.
Water table drawdown can cause a substantial
decrease in wetland function [22], leading to land
desertification in arid areas. Therefore, the
constraint of protecting the target ecosystem is set
as no drawdown in the water tables of downstream
spring-derived rivers and the associated ecosystems
maintained by river waters (see Fig. 3 for springderived rivers areas). Furthermore, the allowable
exploitation from wellfields is assessed by
numerical simulation.
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Figure 4
Fitting chart of actual and calculated flow fields at the end of phreatic water simulation in the study area.

Figure 5
Fitting curves of water level processes in different observation wells.

Table 2 Allowable groundwater exploitation
from proposed wellfields estimated considering
the ecosystem protection constraint.

RESULTS
The established numerical simulation model is
applied to simulate groundwater flow in the study
area considering the ecosystem protection
constraint. The exploitation from four wellfields is
obtained from different optimization calculations
(Table 2). The allowable exploitation for the
Nuomuhong wellfield is determined to be 20,000
m3/d and 10,000 m3/d for the other three wellfields.
All four wellfields are medium water sources, and
the total allowable exploitation is 50,000 m3/d, i.e.,
~30% of previous estimates [21].

No. Wellfield
1
2
3
4
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Nuomuhong
Zongjia
Qingshui
River
Balong

Allowable exploitation
Scale
(m3/d)
20,000
medium
medium
10,000
medium
10,000
10,000

medium
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The drawdown contour map (Fig. 6) shows
that water table drawdown occurs within a certain
range of the surrounding area due to the
exploitation of the four wellfields. However, this
would not cause drawdown in the downstream
spring-derived rivers or the associated wetlands,
thus achieving ecosystem protection in the
downstream of the alluvial fan.
The water table drawdown contour map (Fig.
6) shows that exploitation of the four wellfields has
caused water table drawdown within a certain range
of the surrounding area. In terms of the
groundwater flow field, the exploitation of
wellfields will not fundamentally change the
regional groundwater flow field (Fig. 7). This
finding indicates that the allowable exploitation
amount of the four wellfields can be maintained at
50,000 m3/d without causing water table drawdown

in spring-derived rivers or associated evaporation
areas, thereby achieving ecosystem protection in
the downstream of the alluvial fan.
The study area belongs to a high-cold inland region,
where water resources mainly originate in mountain
areas. Mountainous runoffs represent the total water
resources of the basin. River water substantially
infiltrates to form groundwater in the upstream of
the alluvial fan. Groundwater outcrops to form a
large number of spring-derived rivers in the middle
and downstream. Eventually, a unique wetland
ecosystem is formed in the arid area, which is of
great significance to prevention and control of
desertification. Meanwhile, the wetland ecosystem
is highly sensitive to changes in water resources,
particularly water table variations. Excessive
groundwater exploitation in the upstream can
seriously destruct this ecosystem.

FIGURE 6
Groundwater drawdown contour map from wellfield exploitation considering the ecosystem protection
constraint.

FIGURE 7
Groundwater flow development by considering the constraint of ecosystem protection.
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Therefore, regional groundwater exploitation
should take the premise of ecosystem protection,
and rational planning should be implemented. This
strategy will help in avoiding disastrous outcomes
known for similar rivers (e.g., Shiyang, Heihe, and
Tarim in NW China), which lost downstream
ecosystem functioning.

[4]

[5]
DISCUSSION AND CONCLUSIONS
In arid areas, downstream ecosystems are
fairly
vulnerable.
Large-scale
groundwater
exploitation can cause a drawdown of the regional
water table, thereby affecting ecosystem
functioning. The allowable exploitation amount for
the four proposed wellfields in the Qaidam Basin,
NW China has been previously estimated to be
160,000 m3/d. However, this estimation has led to
water table drawdown in large areas of springderived rivers and its associated wetlands, which
may cause ecosystem degradation and land
desertification. In the present study, the allowable
exploitation amount for the planned wellfields in
the Qaidam Basin has been reassessed using
VISUAL MODFLOW. An ecosystem protection
constraint is set, which prevents water table
drawdown of spring-derived rivers and associated
wetlands in the downstream. The total allowable
exploitation amount for the four wellfields is
estimated to be 50,000 m3/d, i.e., ~30% of previous
estimates. This study provides a reference for
ecological protection for groundwater development
and utilization planning in similar arid areas. The
results have great implications for maintenance of
ecosystems health and optimization of development
and utilization of water resources in arid areas.

[6]

[7]

[8]

[9]
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EFFECT OF LAMBDA CYHALOTHRIN AND FENTHION
PESTICIDES ON BOVINE LIVER CATALASE ACTIVITY
Hasan Karadag*, Filiz Kaplan
University of Adiyaman, Faculty of Science and Letters, Department of Chemistry, 02040, Adiyaman, Turkey

Lambda-cyhalothrin (Fig.1.a) is a pyrethroid
insecticide. Pyrethroids are synthetic chemical
analogues of pyrethrins, which are naturally
occurring insecticidal compounds produced in the
flowers of chrysanthemums (Chrysanthemum
cinerariaefolium)[4]. Pyrethroids have been widely
used to control insect pests in agriculture and public
health since the 1970s [5]. Lambda-cyhalothrin, a
type II pyrethroid, produce even longer delay in
sodium channel inactivation, leading to a persistent
depolarization of the nerve membrane without
repetitive discharge [6].
Fenthion (Fig.1.b) is an organophosphate
insecticide used in both agricultural and urban areas
throughout the world [7]. Fenthion affects the
nervous system and inhibits cholinesterase activity
[8]. Cova et al. reported the neurotoxic effects of
fenthion and its metabolites on human
neuroblastoma cells, as a model for their toxicity in
humans [9].
Lambda cyhalothrin and fenthion have been
used to control insects in agriculture and public
health. Lambda cyhalothrin and fenthion affect the
nervous system. They affect insects, thus affecting
organisms and enzyme activities as well. Even, they
can cause death. Therefore, we studied the effects
of lambda cyhalothrin and fenthion on catalase
activity.

ABSTRACT
This study was carried out to investigate
whether there are any inhibitions of bovine liver
catalase (CAT) activity by lambda cyhalothrin and
fenthion pesticides. CAT activity was inhibited by
increasing lambda cyhalothrin and fenthion
pesticides concentrations from 0 to 500 ppm. Under
the exposure of 25, 50, 100, 250 and 500 ppm
lambda cyhalothrin concentrations, % CAT enzyme
activity decreases were calculated as 3.4; 11.7;
12.7; 21.2 and 22.5%, respectively. Under the
exposure of 25, 50, 100, 250 and 500 ppm fenthion
concentrations, % CAT enzyme activity decreases
were calculated as 4.6; 6.2; 6.7; 17.1 and 19.9%,
respectively. Lambda cyhalothrin inhibited CAT
non-competitively and fenthion inhibited CAT
competitively.

KEYWORDS:
Lambda Cyhalothrin, Fenthion, Inhibition, Pesticide and
Catalase.

INTRODUCTION
Catalase
from
bovine
liver
(CAT)
(E.C.1.11.1.6.) is a tetramer consisting of 4 equal
subunits with a molecular weight of 60 kDa each
[1]. Each subunit contains iron bound to a
protoheme IX group. CAT decomposes hydrogen
peroxide to water and oxygen [2]. To avoid
hydrogen peroxide damage to cells, catalase is
frequently used by cells for decomposition of
hydrogen peroxide to water and oxygen [3].

MATERIALS AND METHODS
Chemicals. Catalase from bovine liver (C1345), lambda cyhalothrin (C23H19ClF3NO3)
(31058) and fenthion (C10H15O3PS2) (36552) were
obtained from Sigma-Aldrich. All other chemicals
used were analytical grade.

FIGURE 1
Structures of lambda cyhalothrin (a) and fenthion (b).
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the SPSS version 21 statistical software
(SPSS Inc., Chicago, IL, USA). Differences were
considered significant if P<0.05.

CAT activitiy measurement. CAT activity
was measured according to Lartillot et al. (1988)
[10] which is a modification of the method
described by Bergmeyer (1974) [11]. CAT activity
was determined spectrophotometrically at 240 nm
using a specific absorption coefficient at 0.0392
FPȝPRO-1 H2O2. 2.5 mL of substrate solution from
1 upto 30 mM of H2O2 in 50 mM, pH=7.5
SKRVSKDWHEXIIHU>@DQGȝ/RI&$7VROXWLRQRI
about 0.5 mg protein/mL were mixed at 25 °C for 2
min and the reaction was stopped by adding 0.5 mL
RI  0 +&O &$7 DFWLYLW\ ZDV FDOFXODWHG DV ȝPRO
H2O2 decomposition.mg protein-1.min-1 or (U.mg-1).

RESULTS
Effect of lambda cyhalothrin on CAT
activity.
Different
lambda
cyhalothrin
concentrations with CAT enzyme solutions were
prepared, then, activities of CAT were measured
and are given in Table 1. Compared to the control
activity, there are statistical differences between all
CAT activities which interacted with the lambda
cyhalothrin concentrations (P<0.05, n=3). Under
the exposure of 25, 50, 100, 250 and 500 ppm
lambda cyhalothrin
concentrations, % CAT
activity decreases were calculated as 3.4; 11.7;
12.7; 21.2 and 22.5%, respectively.

Protein
measurement.
The
protein
concentration was measured spectrophotometrically
at 750 nm using bovine serum albumin as a
standard by the method of Lowry et al. (1951) [13].
For this purpose, four solutions were prepared: 1.
Solution (A): 0.5 gCuSO4.5H2O plus 1 g sodium
citrate dihydrate were dissolved at distilled water
upto 100 ml; 2. Solution (B): 20 g Na2CO3 plus 4 g
NaOH were dissolved at distilled water upto 1000
ml; 3. Solution (C): 1ml solution A was added to 50
ml solution B; 4. Solution (D): 10 ml FolinCiocalteu was added to 10 ml distilled water. After
that, 2.5 ml solution C was added to 0.5 ml of
prepared CAT solution, vortexed, waited for 10
minute at room temprature, mixed with 0.25 ml
solution D, vortexed, and after 30 minutes, read at
750 nm for CAT concentration determination.

TABLE 1
Effect of lambda cyhalothrin and fenthion
concentrations on catalase activity.
Effect of
Fenthion
on
Effect of Lambda CAT
Activity±s
Cyhalothrin on
tandart
CAT
error
Concentrati Activity±standart
(U/mg)
error (U/mg)
on (ppm)
0
1539±14a
1364±12a
25
1486±3b
1301±12b
50
1359±15c
1280±3b
100
1343±7c
1272±7b
250
1213±18d
1131±15c
500
1193±10d
1092±9d
Values are expressed as mean ± standard error (n =
 $WWKHWDEOH³DEFDQGG´OHWWHUVDUHXVHG
for differences of activity levels.There are statistical
differences between datas which are shown with
GLIIHUHQWOHWWHUV S ޒ

Effect of pesticides on enzyme activity. We
prepared 5000 ppm lambda cyhalothrin
and
fenthion dissolved in 2 ml absolute ethyl alcohol.
Because of low solubility of lambda cyhalothrin
and fenthion in water, both pesticides were
dissolved in ethyl alcohol. Then, we arranged 25,
50, 100, 250 and 500 ppm pesticides with ethyl
alcohol plus 700μL CAT solution of about 0.5 mg
protein/mL. At 0 ppm or control, we used 300 μL
absolute ethyl alcohol plus 700μL CAT solution.
Our solution volumes of enzyme plus ethyl alcohol
and pesticide were 1 ml. The mixture was incubated
at room temperature for 1 hour. Then, activities of
CAT were measured.

Effect of fenthion. Different fenthion
concentrations with CAT enzyme solutions were
prepared, and then, activities of CAT were
measured, and are given in Table 1. According to
the control activity, there are statistical differences
between CAT activities which interacted with the
fenthion concentrations (P<0.05, n=3). Under the
exposure of 25, 50, 100, 250 and 500 ppm fenthion
concentrations, % CAT activity decreases were
calculated as 4.6; 6.2; 6.7; 17.1 and 19.9%,
respectively.

Measurement of the types of CAT activitiy
inhibiton by lambda cyhalothrin and fenthion.
At different concentrations of H2O2 (1, 5, 10, 15,
20, 25 and 30 mM) and at different concentrations
of lambda cyhalothrin (25 and 50 ppm) and
fenthion (25 and 50 ppm), activities of CAT were
determined. Lineweaver-Burk graph of CAT was
drawn by using the obtained results (Fig.2).
Data analysis. Data are presented as
mean±standard error. For the statistical analyses,
one-way analysis of variance (ANOVA) was used,
followed by the Student Newman-Keul's test using

Inhibiton types of CAT activity by lambda
cyhalothrin and fenthion. According to Fig. 2,
Vmax (maximum velocity of reaction), Km
(Michaelis constant) and Ki (inhibition constant) of
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FIGURE 2
Lineweaver-Burk graph of CAT exposed to lambda cyhalothrin and fenthion.
TABLE 2
Effect of lambda cyhalothrin and fenthion on kinetic parameters of CAT.
Pesticides Concentrations
0 ppm lambda cyhalothrin
25 ppm lambda cyhalothrin
50 ppm lambda cyhalothrin
0 ppm fenthion
25 ppm fenthion
50 ppm fenthion

Vmax (U/mg)
7581
5612
6246
9141
10299
11050

Km (M H2O2)
4.47×10-2
3.93×10-2
4.81×10-2
5.67×10-2
8.96×10-2
11.27×10-2

CAT activities at different concentrations of
lambda cyhalothrin and fenthion were calculated,
and are shown in Table 2.

where CAT activity decreases. Hydrogen peroxide
is the main cellular precursor of the hydroxyl
radical which is a highly reactive and toxic form of
ROS (reactive oxygen species) (Vlahogianni et al.
2007) [15]. ROS cause oxidative stress. Lambda
cyhalothrin and fenthion also cause oxidative stress
by inhibition of CAT activity. Such as, Eldemerdash (2007) incubated rabbit erythrocytes
with different concentrations 0, 0.1, 0.5, 1, 2.5, 5
mM of lambda-cyhalothrin for 4 h at 37 °C in vitro.
Lambda cyhalothrin caused a significant decrease
of CAT activity [6]. In the same way, Eldemerdash (2011) treated a mixture of (0, 0.1, 1,
10, 100 and 1000 mM) organophosphate and
pyrethroids (fenitrothion 25%, lambda cyhalothrin
2.5% and piperonyl butoxide 6%) to brain
homogenate of rat at 37 °C for time intervals 0, 30,
60, 120, 180 and 240 min. El-demerdash found a
significant increase (p < 0.05) in thiobarbituric acid
reactive substances (TBARS) which might be
associated with decreased level of CAT activity
[16]. Fetoui et al. (2010) exposed rats to lambda-

Comparison of lambda cyhalothrin and
fenthion on CAT activity. Under the exposure of
25, 50, 100, 250 and 500 ppm lambda cyhalothrin
and fenthion concentrations, % CAT activity
decreases showed parallel inhibitions. Lambda
cyhalothrin only decreased % CAT activity more
than 2.6 % compared to fenthion at 500 ppm.

DISCUSSION AND CONCLUSIONS
CAT exists in all major body organs of
animals, being particularly concentrated in liver.
The liver contain higher levels of CAT than brain,
heart and skeletal muscles [14]. CAT is often used
by liver for degradation of hydrogen peroxide to
water and oxygen. Pesticides inhibit CAT activity.
Then, hydrogen peroxide increases inside organs
3014
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Beside this, Karadag and Ozhan (2015)
showed competitive inhibition of cyprodinil on
bovine liver catalase activity [24]. Cyprodinil
includes nitrogen, in other words, amine. Catalase
is inhibited by 3-amino-1-H-1,2,4 triazole, azide,
hydroxylamine, ciyanide, cyanogen bromide,
dianisidine and nitrate [25]. These compounds
include nitrogen too. Catalase is also inhibited by 2mercaptoethanol and dithiothreitol [25]. These
compounds include sulfur. Fenthion includes sulfur
as well.
We carried out experiments on the
competitiveness of the lambda cyhalothrin and
fenthion with the hydrogen peroxide on bovine
liver catalase activity. We determined that lambda
cyhalothrin inhibited CAT non-competitively. This
PHDQV ODPEGD F\KDORWKULQ FDQ¶W ELQG WR DFWLYH VLWH
of CAT, but this insecticide can bind at separate site
of CAT enzyme or at a separate site of enzymesubstrate complex. On the other hand, fenthion
inhibited CAT competitively. Fenthion can compete
with the hydrogen peroxide to bind to active site of
CAT. We suggest that sulfur of fenthion molecule
may compete with oxygen of hydrogen peroxide to
tie Fe3+ of heme group attached to CAT.

cyhalothrin for 3 weeks. They reported significant
increase in malondialdehyde (MDA), protein
carbonyl (PCO) levels and a decrease at activities
of catalase (CAT), superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase
(GR), glutathione-S-transferase (GST) in the kidney
of male rats [17].
$OWXQWDú DQG 'HOLEDú   LQGLFDWHG
inhibition of cholinesterase (ChE), alanine
aminotransferase (ALT) enzyme activity by
fenthion at blood sample of seven volunteers (four
male, three female) in vitro [18]. In contrast,
Cemek et al. (2010) showed increased superoxide
dismutase, glutathione peroxidase and catalase
activities in the fenthion-treated groups more than
sham group of male Wistar albino rats [19].
Similarly, Sefi et al. (2011) showed increased
superoxide dismutase, glutathione peroxidase,
catalase activities and level of reduced glutathione
in adult female Wistar rats by oral administration of
551 ppm fenthion with drinking water [7].
In this study, we found Km values near each
other and found decreased Vmax values compared
to the control activity at Lineweaver-Burk graph for
lambda
cyhalothrin.
The
hallmarks
of
noncompetitive inhibition have an unchanging
Michaelis constant (Km) and a decrease of the
maximum velocity (Vmax) when the inhibitor is
present (Fersht, 1985) [20]. Therefore, we offer
non-competitive inhibition for lambda cyhalothrin
for binding to CAT. In non-competitive inhibition,
inhibitor binds at a site distinct from the substrate
active site, but it binds to either enzyme or enzymesubstrate complex [21]. Similar to the consequences
of the present study, Bouyahia et.al (2011) reported
non-competitive inhibition by cyanide on bovine
liver catalase activity [22]. Lambda cyhalothrin
which we used also contains cyano (nitrile) group.
The work by Karadag and Bilgin (2010) showed
non-competitive inhibition of fludioxonil on
copper-zinc superoxide dismutase [23]. The
fludioxonil contains cyano group as well. We
guess, cyano group causes non-competitive
inhibition.
Beside that, we found Vmax values near each
other and found increased Km values compared to
the control activity at Lineweaver-Burk graph for
fenthion. In competitive inhibition, inhibitor binds
reversibly to enzyme, the competition can be turned
to favour the substrate simply by adding more
substrate. When substrate far exceeds inhibitor, the
substrate molecule will probably bind to the
enzyme and the reaction will exhibit a normal
Vmax. However, the Km, increases in the presence
of inhibitor. Vmax roughly is not affected [21].
That is why, we suggest competitive inhibition for
fenthion for binding to CAT. Similar to the results
of the present study, Karadag and Bilgin (2010)
showed competitive inhibition of cyprodinil on
copper-zinc superoxide dismutase activity [23].
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ABSTRACT
Shinella zoogloeoides sp.CPZ 56 was isolated
from swine and identified by morphological,
physiological properties and analysis of 16S rDNA
gene. Under aerobic growth conditions, batch
experiments showed complete removal of 50 mg L-1
ammonium nitrogen within 28 h and the ammonium
nitrogen removal rate was 1.8 mg L-1h-1. Nitrification
products NO2--N and NO3--N were detected during
the experiments. There were less than 19 mg L-1 and
less than 0.3 mg L-1 accumulated, while nitrogen
removal rate reached 64%. The study found that the
temperature ranged between 30 and 35 Ԩ, the
denitrification by CPZ56 was the best, the ammonia
nitrogen removal rate could reach 95%. The optimum
pH was between 7.0 and 7.5. When the initial
ammonia nitrogen concentration was lower than 50
mg/L, the ammonia nitrogen removal rate could reach
100%, however, ammonia nitrogen removal rate was
on the decline when the initial ammonia nitrogen
concentration was higher than 50 mg L-1. This study
first reported the heterotrophic nitrification function
of S. zoogloeoides SP. CPZ56 and indicated that
demonstrating a potential use of the strain for
wastewater.
KEYWORDS:
Heterotrophic nitrification; Shinella zoogloeoides sp.CPZ
56; rurel sewage

INTRODUCTION
Nitrogen pollution is one of the important

factors causing water environment pollution. Water
eutrophication caused by high nitrogen concentration
has seriously affected the ecological environment
(Pinto et al. 2012). Such high concentration nitrogen
harms both the water ecology and human health.
Generally, biological denitrification is a relatively
economical and effective method to remove nitrogen
pollutants from wastewater (Chen et al.2015).
The biological denitrification of wastewater is an
important issue in the field of water treatment. The
importance of heterotrophic nitrification has attracted
wide attention (Joo et al.2005). In recent years,
research on heterotrophic nitrification has mainly
focused on urban wastewater treatment. Rural
domestic sewage has become a major problem in the
wastewater treatment and construction of a beautiful
village in China (Joo et al.2006). However, limited
research and applications of heterotrophic
nitrification in rural domestic sewage exist. Therefore,
the current study attempts to screen microorganisms
with heterotrophic nitrification ability from rural
domestic sewage. This study also analyzes the
denitrification performance of these microorganisms,
thereby facilitating the future application of such
strains in rural domestic sewage treatment.

MATERIALS AND METHODS
Materials. Wastewater samples were collected
from shallow sediments in rural pond and used to
isolate
heterotrophic
nitrification
bacteria.
Heterotrophic nitrification medium consisted of 0.249
g.L-1 (NH4)2S04, 2.819 g L-1 C4H4Na2O4.6H2O at pH
7.2. 50 mL of a trace element solution were added to
3017
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950 mL EM medium. The trace element solution
contained 6.59 g L-1 K2HPO4.3H2O, 2.59 g L-1
MgSO4.7H2O, 2.59g L-1 NaCl, 0.059 g L-1
FeSO4.7H2O, and 0.049 g L-1 MnSO4.H2O. Solid
media was prepared form growth media with addition
of 2% agar.
Enrichment bacterial strains. A 10-mL aliquot
of wastewater was added to 90 mL of autoclaved
heterotrophic nitrification medium in an Erlenmeyer
flask and then incubated on a rotary shaker (120 rpm)
at 30Ԩ. After 3-days cultivation, aliquots of the
culture were sampled and tested for the presence of
nitrite according to the method of Raud et al. (2013).
Isolation bacterial strains. When nitrite was
detected, 1 % enrichment suspension was transferred
to fresh EM medium and then incubated for an
additional 3 days. Ammonium removal was measured
to screen the bacterial cultures. The cultures showing
significant ammonium removal were enriched once
again for a total of 4 enrichments. The most
promising culture (the most ammonium removal) was
spread onto agar EM medium plates using the
dilution plate method and incubated at 30 Ԩ for 48 h.
Isolated colonies were individually recultured on agar
plates to obtain pure strains.
Identification of strain. Micrographs of strain
CPZ56 were taken with a scanning electron
microscope (Quanta200, Holland) and a transmission
electron microscope (JEM-1400, Japan). The
physiological characteristics of CPZ56 were
examined according to the methods of Dong and Cai
(2001). The 16S rRNA gene was amplified by PCR
using
the
universal
primers
F27
(50-AGAGTTTGATCATGGCTCAG-30) and R 1382
(50-TACGGTTACCTTGTTACGACTT-30) (Heuer et
al. 1997). The 16SrDNA sequence was compared
with that of other bacteria by BLASTn
(http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi).
Related sequences were obtained from the Gen Bank
database using the BlAST search program. 16S rDNA
sequences determined and reference sequences
obtained from Gen Bank databases were aligned
using multiple sequence alignment software
CLUSTAL Xversion 1.83. A phylogenetic tree was
constructed using Mega 4.0.
Measurements of ammonium oxidation. For
aerobic ammonium oxidation, a 5-mL aliquot of cell
suspension (OD600=0.48) was inoculated into 100
mL of EM medium (50 mg L-1 ammonium nitrogen,

C/N=10) in a 250-mL Erlenmeyer flask
(OD600=0.52) was inoculated into 100 mL of the
medium C in a 250-mL Erlenmeyer flask. The flasks
were incubated aerobically with constant shaking of
120 rpm at 30 Ԩ. The appropriate medium without
inoculation was used as the control. Samples were
taken and measured to determine the optical density
at 600nm (OD600) and the concentrations of
ammonium nitrogen (NH4-N),total nitrogen (TN)
nitrate nitrogen (NO3-N), and nitrite nitrogen (NO2-N)
were determined at 2-h intervals for aerobic
ammonium oxidation tests.
Degradation Experiment of strain CPZ56.
Different
cultivation
conditions,
including
temperature,
pH,
and
ammonia
nitrogen
concentrations were set up. The degradation effect of
CPZ56 on the ammonia nitrogen concentration was
studied. Different cultivation temperatures were set to
20°C, 25°C, 30°C, and 35°C, and the pH values were
set to 6.0, 6.5, 7.0, 7.5, and 8.0. The ammonia
nitrogen concentrations were 20, 50, 100, and 200
mg/L.
Approximately 1 mL of CPZ56 culture medium
was collected, and bacterial precipitation was
obtained and inoculated into 100 mL of heterotrophic
nitrification medium. The precipitation was then
cultivated to the logarithmic phase. Bacterial liquid
was centrifuged. Collected cells were weighed and
centrifuged thrice to remove the impurities adsorbed
on the bacterial surface. The cells were then
transferred to the sterile heterotrophic nitrification
liquid medium for a certain volume and prepared as a
bacterial suspension, which acted as an inoculation
fluid for degradation experiment. The inoculation
fluid was added into the 100 mL heterotrophic
nitrification medium. This medium was sealed with a
sealing film and cultured in a shaker. The sample was
obtained after 36 h. Finally, the ammonia nitrogen
concentration was determined after filtration through
a 0.45 μm filter membrane.
Analysis methods. The optical density of the
culture broth was measured at OD600nm using a
spectrophotometer. The viable cell number was
determined on an EM agar medium. Culture samples
were centrifuged at 10,000 rpm and filtered through a
0.45-um membrane filter. The filtrate was used for
chemical analysis. Ammonium concentrations were
determined by the nessler assay at a wavelength of
425 nm. The nitrate nitrogen concentrations were
determined following a UV spectrophotometric
method. The nitrite concentration was determined at a
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concentration reached 1000 mg L-1 (Anderson et
al.2003). The ammonia nitrogen removal rate of
Pseudomonas sp. isolated from swine wastewater
was 13.5% within 58 h (Su et al., 2006).

wavelength of 540 nm according to the method of the
State Environmental Protection Administration of
China (2002).

RESULTS AND DISCUSSION
Isolation and Primary Identification of
Bacterium Species. A heterotrophic nitrifying
bacterium, CPZ56, was obtained after enrichment and
isolation. The bacterial colony was white, the
bacterial morphology was rod-shaped (Figure 1) with
flagellum, and the Gram stain was negative. The 16S
rDNA sequence of the strain was determined, and a
1382 bp sequence was obtained. Gen Bank
comparison showed that the similarity of CPZ56 with
Shinella zoogloeoides ATCC 19623T was 99%. The
phylogenetic tree results are shown in Figure 2. The
strain was initially named as S. zoogloeoides sp.
CPZ56 on the basis of its morphology, physiology,
biochemistry, and sequence analysis.

FIGURE 2
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FIGURE 3
The nitrogen metabolism of strain CPZ56

FIGURE 1
The scanning electron microscope (8000x) of
strain CPZ56
Nitrogen Metabolism of strain CPZ56. The
initial ammonia nitrogen concentration was 50 mg/L.
This concentration in the medium almost reduced
after 28h reaction, and the total nitrogen removal
reached up to 64%. The removal rate of ammonia
nitrogen reached up to 1.8 mg L-1h-1 (Fig. 3). The
ammonia oxidation rate of the CPZ56 strain was
higher than that of the isolated heterotrophic
nitrifying bacteria. Thiospoera pantotropha ATCC
35512 was isolated by Su (2001), and the
denitrification efficiency of this bacterium was 27.29%
within 72 h. The maximum ammonia nitrogen
removal rate of Alcaligenesfaecalis sp. No. 4 was 3%
within 60 h when the initial ammonia nitrogen

The growth of CPZ56 was determined. It was
showed that the CPZ56 strain entered the logarithmic
stage from the 12th hour. The increment of the strain
reached the maximum during the 26th hour, and then
the strain entered the stable growth stage. The
removal of ammonia nitrogen mainly occurred at the
logarithmic growth phase of the strain and retained
the same pace with the growth of the strain. Nitrate
nitrogen and nitrite nitrogen were accumulated in
little amounts during the entire reaction, and the
maximum accumulation reached 19 and 0.3 mg L-1,
respectively. Given the strain from the stable growth
stage, the variation trends of nitrate nitrogen, nitrite
nitrogen, and total nitrogen did not change but tended
to become steady and smooth. Therefore, ammonia
nitrogen was removed through heterotrophic
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Different Initial pH Value. pH will affect the
nitrification rate. Nitrification rate decreased when
pH deviated from the optimum value, and the
removal of ammonia nitrogen could be inhibited by a
certain degree. The ammonia nitrogen concentration
was 50 mg L-1, with C/N=10, and the culture time
was 36 h; the culture temperature was 35 °C. The
effect of the different initial pH values on the
degradation of ammonia nitrogen by CPZ56 is shown
in Figure 5. The removal rate of ammonia nitrogen
was low when the pH was between 6.0 and 6.5.
When the pH is below 6 or above 8, the nitrification
rate decreases rapidly (Sun et al. 2001). Therefore,
CPZ56 cannot easily grow in the environment with
partial acid or alkali. The physicochemical properties
of the cells were possibly affected, and the nutrient
uptake of the microorganism was also altered. The
ammonia nitrogen degradation effect of CPZ56 was
optimal when the pH was between 7.0 and 7.5.
However, when the pH continued to increase, the
ammonia nitrogen removal rate gradually decreased.
The results showed that the degradation effect of pH
at 8.0 to 8.5 was slightly better than that at 6.0 to 6.5.
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FIGURE 4
Effect of temperature on ammonium nitrogen
degradation by the strain CPZ56
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FIGURE 5
Effect of pH on ammonium nitrogen degradation
by the strain CPZ56
Different
Initial
Ammonia
Nitrogen
Concentrations. The effect of different ammonia
nitrogen concentrations on the degradation of
ammonia nitrogen is shown in Figure 6. Under the
condition of C/N=10, the culture time was 36 h, and
the culture temperature was 35 °C, with pH 7.2. The
initial ammonia nitrogen concentrations were 20 and
50 mg L-1. The degradation rate of ammonia nitrogen
can reach 100%. When the initial concentration of
ammonia nitrogen gradually increased, the
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Temperatures. The effect of temperature to the
degradation of ammonia nitrogen by CPZ56 was
studied. The ammonia nitrogen concentration was 50
mg L-1, with C/N=10, and the culture time was 36 h.
As shown in the Fig.4, the removal rate of CPZ56
was high at 30 °C to 35 °C and can reach more than
95%. The liquid crystal structure of the microbial
film and the synthesis and activity of enzymes and
proteins can be affected by the temperature. The
degradation and other life activities can also be
affected. Temperature plays an important role in the
growth and reproduction of microorganisms and the
nitrification of microorganisms. Moreover, the cell
life activity can be restrained when the temperature
was very low or extremely high. When the
temperature increased to 40 °C, some cellular
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materials that were sensitive to temperature were
irreversibly destroyed (Ilies and Mavinic 2001).

removal rate˄%˅

nitrification. Both ammonia nitrogen removal and
nitrite accumulation are synchronized with the strain
growth; thus, nitrification and bacterial growth are
almost synchronous. However, this phenomenon
differed from the report of Zhang Guangya et al.
(2003), in which nitrification occurred in aged cells.
By contrast, the conclusions of Su et al. (2006) and
Wang Hongyu et al. (2009) agreed with the current
report. The possible reason for this difference may be
ascribed to the variation in the mechanisms used for
ammonia nitrogen metabolism of the strain. In recent
years, heterotrophic nitrifying microorganisms, such
as Alcaligenes, Nitrosomonas, Rhodococcus,
Arthtobacter, Bacillus Nitrobacter, and Pseudomonas,
have been widely reported. Among these
microorganisms, S. zoogloeoides exhibits both
heterotrophic nitrification and denitrification
functions.
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degradation rate of ammonia nitrogen declined.
When the ammonia nitrogen concentration increased,
the slow bacteria adapted, and the microbial
degradation rate decreased (Delgado et al.2002; Jia et
al.2012).
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50 mg L-1.
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ABSTRACT
Baja California Sur (BCS) is an isolated and
arid state in Northwestern Mexico. Departing from
a global and national framework, the state's trends
and characteristics of electricity consumption,
generation and policies and factors modeling these
are depicted. The trends of parameters such as
energy intensity of GDP, GHG emissions by energy
unit produced, and share of renewables are first
analyzed. Then, a test for detecting a decoupling of
electricity consumption from weather is carried on,
using correlation in subsets of time series together
with statistical trend detection, for assessing an
overall state-level change, instead of punctual
savings or estimations, which is attributable to
building and appliance efficiency standards. The
work focuses on the residential and tourism sectors,
which demand above 70% of the electricity in the
State, intending to develop an approach to regional
scale change assessments, instead of estimations or
punctual saving calculation in warm regions, with a
comprehensive data input requirement for
developing countries. The findings show that GDP
has grown slightly more energy intensive, the share
of renewables in the mix has diminished, and, in
spite of punctual savings from demand side
management measures, due to an overall increase in
air conditioning and other devices penetration, there
is no significant decoupling in energy consumption
from temperature, a main driver of consumption in
BCS, where total summer demand is about 50%
greater than that of winter and the state which ranks
second in non industrial GHG emissions per capita
in Mexico. Implications in GHG emissions and
development of policies seeking to mitigate climate
change are discussed.

INTRODUCTION
In some regions, such as the one depicted in
this work, conditions such as isolation, high
temperatures in summer, a large share of residential
demand, little availability for wind and none for
hydro power, as well as nightly peaks of
consumption which cannot be covered with solar
power make demand side management, i. e. energy
efficiency, the most feasible option to better the
sustainability of the energy system. Policies on
demand side management seek to decrease energy
intensity by means of technical and legislative
policies and encouraging the rational use of energy,
while, on the opposite side, there is a steadily
growing electrification of the everyday life [1], as
new appliances that use electricity are developed
and adopted by the people, which cause increases in
consumption.
As an approach to ponder the results of
demand side management policies enforced in Baja
California Sur (BCS) during the last two decades, a
time series analysis for detecting a decoupling of
energy use from temperature is carried out, at the
state scale, instead of estimations or punctual
reckoning of savings, which are more conventional
in the literature. The method has a comprehensive
data disaggregation requirement, for warm regions
where consumption data is offered on a monthly
basis.
The present work is intended to increase
understanding about the challenges and barriers of
using electricity in a sustainable fashion in arid
regions of developing countries, with high weathersensitive residential demand. The final purpose of
the work is to provide a different and medium scale
insight for addressing climate change and
sustainability issues in future planning.

KEYWORDS:
Greenhouse gas emissions; Climate change; Energy
efficiency; demand side management; arid regions.
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conditioning loads [6]. Residential sector has a 35%
weather dependent consumption.
Due to isolation, the predominantly fossil
fueled energy mix and the warm weather, the State
ranks second place nationally in non-industrial
energy related GHG emissions per capita, with 0.7
Tons CO2Eq per capita yearly, only after Quintana
Roo, well ahead of states with large industries, such
as Coahuila, Nuevo León, Veracruz, San Luis
Potosí and Tamaulipas, which in consequence of its
industrial activity have larger GHG emissions (Fig.
2). Overall emissions from the eight greatest
facilities added 1.6 million tons of CO2EQ in 2010,
yielding 752 tons of CO2EQ per GWh produced,
from a former value of 740 in 2007 [8][9]. A
comparison of per capita energy consumption,
GHG emissions and GDP among BCS, Mexico and
the OECD is presented in Table 1.

MATERIAL AND METHODS
Study area. BCS is the most arid and isolated
State of Mexico, its population in 2010 was
637,026 inhabitants. It is among the Mexican States
with the fastest economic and demographic growth,
around 7% in the last decade, due to the recent
development of the tourism industry and to an ever
increasing number of American and Canadian
citizens who look for a place to retire [2].
The State Energy Grid relies on fossil fuel
based facilities, which make up 98.2% of the total.
Besides the fossil-fuel-based, BCS has geothermal
and solar power plants; since there are no perennial
rivers in the State, hydropower is absent in BCS [3].
The resulting hourly cost of production of this
technology mix ranges from US$0.094 before dawn
in winter to US$0.371 per kWh in the afternoon
(15:00 to 17:00) and before midnight (21:00 to
23:00) [4]; power is sold for an annual average of
US$0.098 per kWh to residential customers and
US$0.12 per kWh average to all other sectors [5].

FIGURE 2
CO2 Emissions from energy production per
capita, excluding industrial consumption. Size of
bubble represents the total CO2 emissions in
tons.
Energy intensity has grown in the recent
years: in the 2005-2009 period, energy consumption
from all conventional sources (gasoline, gas, diesel,
fuel oil, kerosene and electricity) grew at an
average yearly 1.07 rate [7], exceeding the pace of
GDP, which only grew at an average 1.03 rate in the
period. Elasticity from energy use is a desirable and
non-controversial sign of a sustainable economy
[10].
In BCS, the highest consumption loads, with
its consequent highest costs of production, occur in
summer, peaking around 15:00 hrs, when outdoor
temperature is highest, and around sleeping time at
midnight, when comfort is needed the most, as it
happens in warm regions in the world [3]. Energy
consumption is lowest in winter, since gas or
electrical heating are scarce, present in less than
0.6% homes [13].

FIGURE 1
Power consumption by sectors of activity, 19882014. Data source: [7].
Electric consumption in BCS. In BCS, large
Industries demand 10.3% of the total power
consumption, compared with a 27.5% at a national
level; meanwhile, in the state, residential demand is
33.14%, high above the 26% average for the
Country. Medium sized industries (MSI) are the top
consumers (37.8%)(Fig. 1); MSI Tariff is used
mainly by the tourism sector, as well as in other
economical activities such as welding shops,
bakeries, automotive shops, etc. This sector has a
20% weather sensitive consumption, a figure
obtained by subtracting the winter consumption as a
baseline demand, when air conditioning is not used,
an approach used in warm regions to determine air
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TABLE 1
Comparison of energy, emission and GDP indicators for BCS, Mexico and the OECD
GDP per capita USD
constant
prices, 2005 PPP

GHG Emissions, kg,
per capita

Electricity
consumption, MWh
per capita

Emission
intensity, kg
GHG/1000 USD

2000

2000

2000

2010

2000

2.53

2.83

BCS

2010
17,717

2010
6.33 (2005)

2010

0.59 (2005)

Mexico

11,946

12,741

5.6

6.14

1.70

1.92

0.46

0.48

OECD

28,252

30,574

14.03

12.92

7.93

8.27

0.50

0.42

Sources: [11][2], [11], [12]; values for BCS were calculated from [2], [7], [9]
and most energy consuming devices in the 20002014 period.

A net growth in consumption per household
has occurred in the State in the last two decades
(Fig. 3), although some pulses have driven energy
consumption to a temporarily decrease, such as a
Tariff re-structure in 2002 [14], a Tariff change for
Los Cabos to a cheaper Tariff in 2006 and the
World Financial Crisis in 2009, when the trend in
tourism GDP in BCS, which rose from US$389.629
million to US$752.93 million in the 2003-2007
period, dropped dramatically to US$560 million in
2010 [2]. The trend in consumption per household
is less steep than the per capita, due to the long
term household size reduction in the country.

TABLE 2
Device penetration in BCS
Device

2000(%) 2010 (%) 2014(%)

Refrigerators

82

89

91

Air conditioners

23

30

36

Laundry
machines

54

68

72

TV sets

89

98

99

Computers

11

39

42

Source: [13].
Other factor influencing the rising trend in
consumption is the increase in temperatures in the
main cities, which, for La Paz, the city with the
longest records, adds up to 2.5° C for the period
1923-2013. Considering the need for air
conditioning, government subsidizes up to 80% of
consumption during summer. Meteorological
phenomena, such as hurricanes and heavy rainfall
temporarily affect energy consumption due to
interruptions of the supply.
Energy efficiency measures in Mexico. First
Mexican Official Standards (NOM, initials in
Spanish) regarding power consumption appeared in
the mid nineties, these focused primarily on
industrial devices; the first standard directed to a
domestic device was published in 2002,
establishing efficiency limits for refrigerators; it
was followed by standards limiting energy
consumption for air conditioners (2006) laundry
machines (2010), domestic fluorescent lamps
(2010) and refrigerators (2012), complemented by
standards for passive efficiency measures for office
buildings (2001) and residential buildings
(2011)[16]. The results of most of these recent
controls are yet to be analyzed, hence, an approach
is presented in this work for doing so.

FIGURE 3
Residential consumption average for NW region,
BCS and Nationwide. Source: [7].
The perceivable overall rise in energy
consumption per household is related to
technological penetration -as more households
acquire newly developed appliances, economic
growth, as well as changes in housing type [15]. In
BCS, electric appliances have spread widely in the
past decade. Table 2 summarizes the increase of
availability per household for the most widespread
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variability in electricity pricing. It is readily
available information, updated every other month,
and time series depart from 2003 on, so it is useful
to detect changes in trends in the past decade.
Monthly
temperature
data
for
the
meteorological stations in BCS were kindly
supplied by the observatories of the CONAGUA
[22], from 2003 to 2012. For each year in the
period, Pearson linear correlation was obtained for
annual, warm (April to October) and temperate
(November to March) seasons subsets of data. As
should be expected, correlation IEME-temperature
was highest for the warm (0.91) and lowest for the
temperate (0.61) seasons. Annual correlation was
high, averaging 0.88. Standard deviation was 0.06,
0.05 and 0.3, for the annual, warm and temperate
groups, respectively.
Finally, for statistically detecting any
monotonic trend in the temperature-consumption
correlation within the period 2003-2012 (Fig. 4),
the non-parametric test Mann-Kendall Z was
carried on using R Studio [23].
Z values were 0.36, 1.07 and -0.18 for annual,
warm and temperate subsets, respectively, meaning
that no trend in any of the subsets was significant,
not even aW Į  :DUP VHDVRQ KDG WKH KLJKHVW
positive value, but not enough to be considered a
trend from the test outcome.

The National Commission for the Efficient
Use of Energy (CONUEE, initials in Spanish)
operates programs for substituting inefficient
domestic appliances, giving credits for the
acquisition of refrigerators and air conditioners,
since 2009. The replacement of both cooling
devices by this initiative in the first year reached
has reached 3,773,000 replacements in the country
[17]. Along with the cooling device substitution, the
Fund for the Energy Transition and the Sustainable
Use of Energy (FOTEASE, initials in Spanish)
program substituted eight incandescent light bulbs
for fluorescent lamps in every household in the
country. Previous to this programs, ASI, a trust for
energy efficiency, replaced 10,600 devices from
2004 to 2008 in BCS, giving benefits to a
considerable fraction among 198,500 households,
whose power savings may reach 30% by switching
to new devices [18]
Time series analysis of the coupling of
energy
consumption
and
temperature.
Considering all the aforementioned regulatory and
financial measures to improve energy efficiency on
the cooling devices -which are the highest in power
consumption, from standards for electronic devices
and building designs and financial support schemes,
a perceivable decoupling on the relation between
the consumption and the temperature should be
expected, if the effects of the undertaken measures
were exceeding the rising trends on electric
consumption, which are due mainly to device
penetration and population growth.
Energy savings from efficiency measures have
been regarded as difficult to assess [19], [20].
Testing for a decoupling has to overcome factors
that may mislead the findings, to find whether
occurrence of savings is truly related to
optimization, or whether it is masked by changes in
the demand shares, economic recession, migration
or milder summers, for instance. Among the scarce
literature about decoupling, [21] reported a
decoupling of energy use from temperature in
specific buildings constructed according to the
bioclimatic architecture in the US and UK.
In the present work, a test was made for
detecting decoupling of energy use from
temperature, as an approach to assess the
achievements of energy conservation policies by
using the Monthly State Electricity Index (IEME,
initials in Spanish) [2], as the electricity
consumption variable, together with data from
meteorological observatories [22], under the
assumption that if a decoupling occurred during the
evaluated period, it should be noticeable among
subsets of the time series.
The IEME synthesizes generation and demand
volume and cost information for all activity sectors,
presented as a Physical Volume Index, fixed at a
base year, so it takes into account the effects of

FIGURE 4
Energy consumption (IEME)-mean temperature
correlations for BCS, annual and seasonal, 20042013.
On Figure 5 a Holt Winters [23] forecast of
the current trends and conditions for the climate
sensitive consumption (med tension and residential)
is plotted; if these persist, by 2020 the peak of
consumption in summer and the winter baseline
would be 50,000 MWh and 60,000 MWh higher,
respectively.
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FIGURE 5
Climate sensitive consumption 2009-2015 and 5 year forecast with 95% confidence prediction intervals.

tourism than the monthly average throughout the
year in the period of study.

RESULTS
The present attempt to study the effect of
policies regarding air conditioning efficiency and
passive temperature control in BCS does not
suggest that they have been unworthy, but that they
yet do not seem to curb the same opposing forces
that policies on refrigerators did overcome on the
national scale, which related emissions decreased
from 9.9 Tg to 8.6 Tg CO2 in the 1996-2006 period,
outpacing even a 13% growth in population and an
increase from 9% to 16% in penetration, while
those of air conditioning increased 3.9 Tg to 5.5 Tg
in the same period, according to [24].
Large correlations, as those occurring in
summer, difficult the detection of growing trends,
although the absence of a positive trend is to be
remarked, since a number of studies around the
world have found increasing dependence, mostly
within temperate climates, where warmer summers
are occurring, such as the regions of Maryland in
the USA [25] or the Netherlands [26].
Demand side management policies have not
matched the speed of growth in economy and
population in the state. The first passive control
standard, the NOM for office buildings, was
published in 2001; ten years later, the NOM for
residential buildings appeared, in 2011. Air
conditioning efficiency standards are also relatively
young, without yet having reached a decade since
their appearance: the first was published in 2006,
for central air conditioning; the standard for
regulating room systems appeared in 2008, when
air conditioning had reached almost 30% of
penetration in BCS dwellings. The challenge of
mitigating GHG emissions from the electric sector
can only be overcome including more stringent
demand side management measures.
As can also be observed from the records,
winter demand has increased by 215%, exceeding
the rate of summer, which grew by 207%. This is
linked to an increase in tourist arrival during winter,
from a total of 593,000 in 2003 to 726,000 in 2011
in the March season, which attracts 24% more

CONCLUSION
This work has shown that parameters related
to sustainability of the electric system have had
little progress or receded at the state level; GDP
grew more energy intensive, renewable generation
decreased in the electricity generation mix, GHG
emissions per energy unit increased due to fuel mix
and device penetration and consumption remains
tightly coupled to temperature. Institutional, market
and behavioral barriers have to be broken in the
state to counter these trends and to achieve
sustainability.
Policies in BCS must be tailored differently to
those of the rest of Mexico, taking into account the
very different conditions the state has, seeking to
mitigate its GHG emissions and to optimize the
energy use. This should be solved through the
creation of a state energy commission, an approach
that has been already taken in the states of Baja
California, Sinaloa, Jalisco and Hidalgo. An
outstanding case of success in state planning is that
of the California Energy Commission, which has
been at the vanguard of energy efficiency in the US
ever since the publication of its first standard -the
first in the US as well, in 1974 [27]. Dependence
from centralized planning is an institutional barrier
that has to be overcome.
Education has remained overlooked within
policy development: neither the Energy Reform, the
LAERFTE nor the ENE 2013 take into account any
educational measure; the LASE does mention
including rational use of energy in educational
programs in Mexico, as well as fostering research.
Previous literature has pointed out that education
can outperform other measures for conserving
energy, through breaking behavioral barriers among
end users [28] hence, since BCS residential users
are a significant share of the total users, education
can be a valuable tool for breaking behavioral
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[4] CFE (2014) Costos totales de corto plazo
incurridos. 2014. Comisión Federal de
Electricidad, México, D.F.
[5] CFE (2015) Tarifas autorizadas por la
Comisión Federal de Electricidad. [Online].
Available:
http://app.cfe.gob.mx/Aplicaciones/CCFE/Tarif
as/Tarifas/tarifas_casa.asp. [Accessed: 10-Sep2015]. Comisión Federal de Electricidad,
México, D.F.
[6] Pereira, I. M. and Assis, E. S. D. (2013) Urban
energy consumption mapping for energy
management, Energy Policy, vol. 59, 257±269.
[7] SENER (2015) Sistema de Información
Energética.
[Online].
Available:
http://sie.energia.gob.mx/. [Accessed: 10-Sep2015].
[8] Lagunes-Díaz, E., Beltran-Morales, L. Stoyan,
S. and Ortega-Rubio, A. (2011) Pasado,
presente y futuro del consumo y generación de
energía eléctrica en Baja California Sur:
planeación y optimización para el estado más
árido y aislado de la República., in Hacia la
sustentabilidad ambiental de la producción de
energía en México., M. E. González-Ávila, G.
Muñoz-Meléndez, and A. Ortega-Rubio, Eds.
Tijuana: El Colegio de la Frontera Norte y
CIBNOR, 139±172.
[9] SEMARNAT (2015) Registro de Emisiones y
Transferencia de Contaminantes. Secretaría de
Medio Ambiente y Recursos Naturales,
México, D.F.
[10] Manzini, F., Islas, J. and Macías, P. (2011)
Model for evaluating the environmental
sustainability of energy projects, Technol.
Forecast. Soc. Change, vol. 78, no. 6, 931±944.
[11] World Bank (2015), GDP per unit of energy
use (constant 2011 PPP $ per kg of oil
equivalent) | Data | Table, 2015. [Online].
Available:
http://data.worldbank.org/indicator/EG.GDP.P
USE.KO.PP.KD. [Accessed: 10-Sep-2015].
[12] OECD (2015) Greenhouse gas emissions.
[Online].
Available:
https://stats.oecd.org/Index.aspx?DataSetCode
=AIR_GHG. [Accessed: 10-Sep-2015].
[13] INEGI (2015) Encuesta Nacional de Ingresos y
Gastos de los Hogares (ENIGH). [Online].
Available:
http://www.inegi.org.mx/est/contenidos/proyec
tos/encuestas/hogares/regulares/enigh/default.a
spx. [Accessed: 10-Sep-2015].
[14] Cámara de Diputados (2003), Impacto en los
hogares Mexicanos por el incremento de las
tarifas eléctricas residenciales. Análisis por
deciles de ingresos.
[15] Rosas-Flores J., and Gálvez, D. (2010) What
goes up: Recent trends in Mexican residential
energy use, Energy, vol. 35, no. 6, 2596±2602.

barriers thus saving energy and achieving climate
change mitigation goals.
A more rational use of energy can be achieved
through tariffs, as was pointed from the overall
changes in consumption when electricity became
more expensive or when economy receded, but it
should not be the first neither the only policy
approach to use.
GHG emission savings from efficiency
standards need to be assessed and the pace of its
publication should not lag behind that of the
appearance of new devices: in BCS, energy related
emissions per capita increased from 1.7 tons CO 2EQ
2005 to 2.4 tons CO2EQ in 2013 [2, 9] and electricity
generation makes up 35.6% of the total emissions,
after transport, with 52%, so promoting the rational
use of energy through all its different forms, i.e.
efficiency standards, education, tariffs and
regulation should be a critical strategy for
mitigating GHG emissions.
The path towards energy sustainability
through demand side management has been steep in
these decades. Although some true achievements
have been made, and more changes are to be
expected from the new measures and policies,
population growth and the electrification of the
everyday life still seem to be outpacing the
accomplished advances. In the isolated and arid
BCS, fostering a change in the currently intensive
end-user behavior is crucial for achieving the real
sustainability of the energy system.
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ABSTRACT

Nitrate pollution from multiple point/non-point
sources has been recognized as a major problem in
surface water. This study evaluated the extent of
nitrate-N pollution in an ungauged streamflow
watershed using a load duration curve (LDC) with the
Soil and Water Assessment Tool (SWAT) in Texas
watersheds as a case study. Compared to the SWAT
2003 model, the SWAT 2009 showed an increase in
Nash-Sutcliffe efficiency values by approximately
0.2 at one USGS gage station. Nitrate-N
concentrations ranged from 0.14 to 21.4 mg-N/L in
these watersheds. The nitrate-N measurements
exceeded the water quality screening criteria (1.95
mg-N/L) of the Texas Commission on Environmental
Quality (TCEQ) by approximately 85±92% while
exceeding the maximum contaminant level (10 mgN/L) by 39±62%. The LDC results based on the
TCEQ-nitrate criteria indicated that the observed
nitrate loads in the study watersheds were potentially
associated with both point and nonpoint pollution
sources from both urban and rural areas.

KEYWORDS:
Daily flow, Nitrate-nitrogen, Nash-Sutcliffe Efficiency
(NSE), Load duration curve, SWAT

INTRODUCTION

Excessive nitrate-nitrogen (NO3-N) from natural
sources and anthropogenic point/nonpoint inputs has
been known as a major cause of poor water quality in

surface water bodies in Europe, the United States,
and Asian countries [1-5]. Surface water can be
impaired by chronically excessive nitrate levels
beyond the maximum contaminant level (MCL; e.g.,
10 mg-N/L; US EPA). This is a particular concern for
public health when public drinking water supplies
utilize surface water. Thus, the limiting nitrate input
to the water body must be controlled based on the
total maximum daily load (TMDL), which represents
the amount of maximum pollutant loads that a water
body can receive daily while satisfying water quality
criteria [6].
A TMDL for nitrate is developed using the load
duration curve (LDC) method to estimate the actual
and allowable pollutant loads based on the
cumulative frequency distribution of streamflow and
measured pollutant concentration data [7]. Long-term
and continuous daily streamflow data are required for
a period spanning multiple years along with historical
nitrate data. Streamflow data for a sufficient period
can mostly be acquired from U.S. Geological Survey
(USGS) streamflow gauging stations on numerous
creeks and rivers in the USA. However, it is
challenging to develop a TMDL for nitrate in surface
waters in areas where daily streamflow records are
not available.
In Carters creek and Burton Creek, there were
two USGS gauging stations that recorded flow data
within the watershed, but only from 1968 to 1970. In
the absence of USGS streamflow data, it is common
practice to use the streamflow records from a nearby
stream with a watershed featuring similar land use
and geological characteristics. However, there are no
gauge stations in sufficient proximity to
Carters/Burton Creek watershed to serve this purpose.
Thus, previous studies used the Soil and Water
Assessment Tool (SWAT) version 2003 [8] to
3030
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TABLE 1
List of six permitted wastewater treatment facilities (WWTFs).
Watershed

Facility
TCEQ/
Name
EPA Permit
Arkema
WQ0001393/ TX0108863
Burton
Burton
WQ0010426/ TX0022616
Creek WWTF
Texas A&M
WQ0004002/ TX0002747
Central Utility
Carters
WQ0010024-006/
Carters
Creek WWTF
TX0047163
Glen Oaks
WQ0012296/ TX0085456
MHP WWTF
Carter
WQ0013153/ TX0098663
Lake WWTF
MGD: Million Gallons per Day
* Daily average flow limit
** Annual average flow limit
simulate daily streamflow data for these watersheds
during a desired time period. The results were used to
develop a flow duration curve (FDC) and a TMDL
for a known fecal indicator bacteria, Escherichia coli
[9,10].
The objective of this study is to develop the
LDC for nitrate-N as a surface water pollutant in
ungauged streamflow watersheds near the city of
College Station, TX, based on an FDC developed
with SWAT. The simulated daily flows between
SWAT version 2009 and SWAT version 2003 [10]
were compared to evaluate the simulation results.
SWAT flow simulation is based on a daily water
budget and the variability of precipitation, surface
runoff,
evapotranspiration,
percolation,
and
groundwater return flow. Thus, these versions were
compared because their application to the watershed
could be subject to uncertainty and inaccuracy in the
reproduction of simulation results due to the
differences between models and different computer
capabilities. The results of simulated nitrate loading
in Carters and Burton Creeks would be useful for
developing an effective strategy to reduce the
impairment of surface waters with potential as source
of drinking water for nearby cities.

MATERIALS AND METHODS

Study area. Carters Creek and Burton Creek are
parts of the Navasota River watershed and are located
in the Brazos Basin in Texas. The Navasota River

Permitted Flow
Limit (MGD)
0.12*

Actual Avg. Flow (MGD)
(2008-2009)

8.0**

5.92

0.93*

0.18

9.5**

0.28

0.013*

4.50

0.0085*

0.008

drainage includes approximately 5,789 km2 and flows
200 km south to its confluence with the Brazos River
[11] (Figure 1). Carters Creek originates from
southeastern Brazos and is a perennial stream flowing
27 km before joining the Navasota River, while
Burton Creek is a tributary of Carters Creek. Carters
Creek and Burton Creek drain a watershed of 148
km2. This watershed experiences warm summers and
dry winters in a humid subtropical climate. The
normal daily average temperature is 20.3 °C and
ranges between a daily minimum of 14.3 °C and
normal daily maximum of 26.3 °C according to
records from a National Weather Service network
station in College Station (1971±2000). The normal
annual precipitation is 1007.6 mm [10]. The
watershed features 6 permitted wastewater treatment
facilities (WWTFs): 4 for domestic wastewater and 2
for industrial wastewater (Figure 1 and Table 1). The
continuous effluent discharge from these WWTFs is
expected to maintain the streamflow of Carters Creek
and Burton Creek during low flow/drought periods.
The LDC was develop using historical nitrate-N
data (1987±2010) for three water quality monitoring
stations (stations 11783, 11784, and 11785)
established by the Texas Commission on
Environmental Quality (TCEQ). This data was
obtained from the TCEQ Surface Water Quality
Monitoring Information System (SWQMIS) database.
Station 11783 is located immediately downstream of
the Burton Creek WWTF discharge, and station
11784 is located near the middle of Carters Creek
approximately two miles downstream from station
3031
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relative humidity) were obtained from the Weather
Generator tool in SWAT mode.
Model
validation.
Model
verification
(calibration and validation) was performed by
selecting model input parameters within literaturesuggested raQJHV RU OLPLWV SURYLGHG LQ WKH XVHU¶V
manual for the model. The model output was
compared with adjusted input parameters in the
calibration step with a separate set of measured
streamflow data. The Nash-Sutcliffe Efficiency Value
(ENS) based on equation 1 [15] was used as an
indicator of the SWAT model performance during the
validation process:
n

FIGURE 1
Carters/Burton Creeks watershed showing SWAT
in Texas, USA

ENS

1

¦(X

mi

 X pi ) 2

¦(X

mi

 X m )2

i 1
n

i 1

Soil and Water Assessment Tool (SWAT).
The ArcSWAT model was used to delineate
Carters/Burton creeks watershed based on a digital
elevation model (DEM) file with 10-meter resolution
in the spatial data transfer standard (SDTS) format
for Brazos County (Geo Community, 2008).
Accordingly, the original data files were converted
into ESRI grid files and mosaiced in ArcGIS for
ArcSWAT procedures. In the stream network within
the watershed, a subbasin outlet is the point that is
streamflow exit (i.e., the most downstream location
of the subbasin), as well as outlets at the location of
monitoring stations and other locations. An inlet is
defined as a point-source discharge (e.g., a WWTF
outfall). In SWAT, outlets for the Carters and Burton
Creek watershed are the 2 USGS flow stations, 6
regulated facilities outfalls, and 13 manually added
subbasin outlet points (Figure 1) [10].
After the watershed delineation, land use and
soil class combinations and their distributions were
determined based on each delineated subbasin, which
allows the SWAT model to set hydraulic and
hydrological parameters for each hydrologic response
unit (HRU). The inputs include the Soil Survey
Geographic (SSURGO) Database [12] and the USGS
2001 National Land Cover Database (NLCD) [13].
Climatic data from the nearest weather station -- a
National Weather Network station located in the City
of College Station -- provided the moisture and
energy inputs for the SWAT model. Daily
precipitation and maximum and minimum
temperatures were acquired from the National
Climatic Data Center [14]. Other necessary climatic
variables (e.g., solar radiation, wind speed, and

(equation 1)
where X mi is the measured flow at time i, X pi is
the corresponding predicted streamflow, and X m is
the average measured flow. Based on literature
recommendations, ENS > 0.5 was used as an
indication of satisfactory validation of a model for
daily streamflow data [16].
Due to the absence of long-term continuous
streamflow records for Carters Creek and Burton
Creek, the model calibration was done using two
independent sets of continuous daily streamflow
records from two USGS streamflow gauge stations
(Figure 1) over the relatively short period of
approximately 27 months (1968±1970): USGS
08111025 Burton Creek at Villa Maria Rd
(REACH1: urban area dominated; June 24, 1968 ±
September 10, 1970), and USGS 08111050 Hudson
Creek near Bryan (REACH2: rural area dominated:
July 9, 1968 ± September 11, 1970). The model
validation regarding nitrate loads was done using
about 20 instantaneous measurements acquired
periodically over multiple years (1987±2010) at each
water quality monitoring station.
Although the amount of streamflow data is not
optimal for model validation, the datasets constitute a
sufficient amount of data for a small watershed to test
SWAT at the level of performance required to
develop the FDCs. A calibration dataset with only
about 27 months of continuous daily streamflow data
is sufficient to allow quantitative evaluation of model
performance using ENS. In contrast, the limited
verification dataset provided neither adequate data
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points nor daily average streamflow data (the dataset
contained instantaneous streamflow measurements)
for the quantitative measurements. Therefore, visual
comparison of graphical results was used to
determine the acceptability of model verification.
Flow and load duration curves. The FDC and
LDC, as an extension of FDC for the evaluation of
water quality violations, are plots that represent the
percentage of time that flow (or a specific pollutant
load) is equal to or exceeds a certain value of interest.
The development procedures of the FDC and LDC
for nitrate are as follows [10]. For the FDC, 1) a rank
is assigned to each SWAT-simulated daily
streamflow data point for the location in descending
order; 2) the percent of days with excessive flow is
calculated by dividing each rank by the total number
of data points plus 1; and 3) the corresponding
streamflow data is plotted against the percentages of
excess. For the LDC,1) the SWAT-simulated
streamflow is multiplied by the TCEQ water quality
screening standard for 1.95 mg/L of nitrate-N [17]
and by a conversion factor; 2) the allowable nitrate-N
loading is plotted based on the water quality standard
against percentages of excess from the FDC; and 3)
the actual load is plotted over the allowable nitrate-N
load curve.

RESULTS AND DISCUSSION

The initial predicted streamflow at REACH1
had reasonable agreement with the USGS gauge
station data. However, there were large discrepancies
at REACH2 between the initial predicted streamflow
and the USGS gauge station records, probably due to
the location of the precipitation data at the weather
station. The agreement between the simulated flow
data and the actual measured data observed in both
subbasins was improved by reducing CN2 (initial
SCS runoff curve number for moisture condition II)
by 10% for both REACH1 and REACH2, followed
by adjusting GWQMN (threshold water depth in the
shallow aquifer required for return flow to occur) at
REACH1 and REACH2 to 2000 mm and 4300 mm,
respectively. Thus, a 10% reduction of CN2 was
applied to the entire watershed. The values of
GWQMN ranging from 0 mm for the most
downstream mainstream subbasins to 4300 mm for
the most upstream headwater subbasins were adjusted
differently depending on the location of each
subbasin.

(1)

REACH1

(2)

REACH2

FIGURE 2
Comparison between monthly measured and
model-simulated flows at REACH1 and REACH2

Visual comparison between predicted and
measured daily streamflow at the urban catchment
(REACH1) indicated good responsiveness of the
model predictions in precipitation events, and both
low flow and high flows are reasonably predicted
(Figure 2). Similar visual comparison at the rural
catchment (REACH2) indicated that the predicted
model was generally responsive to precipitation
events, although this model tends to over-predict
streamflow in response to small precipitation events
(Figure 2). Table 3 shows the ENS values for the
daily and monthly simulated flows at REACH1 and
REACH2 to compare between SWAT 2003 and
SWAT 2009 version. The ENS values at REACH1
between two SWAT versions were similar, while the
ENS values of SWAT 2009 at REACH2 were better
than those of SWAT 2003. The ENS values for the
daily flow simulation at REACH1 and monthly flow
simulations at both stations ranged from 0.6 to 0.8.
However, the ENS for the daily flow simulation at
REACH2 was 0.6, the lowest among the simulations.
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The ENS values of SWAT 2003 are not regarded as
satisfactorily calibrated, but the ENS values of
SWAT 2009 are accepted based on the criterion
presented by Moriasi et al. [16].
TABLE 3
Nash-Sutcliffe efficiency (NSE) values for the
model simulation.

ENS

SWAT Flow Time
version Scale
Daily Flow
2003 Monthly Avg.
Flow
2009

Subbasin
REACH1
0.68

REACH2
0.40

0.81

0.63

Daily Flow
0.68
Monthly Avg.
0.82
Flow

0.58

(1)

Station 11795

(2)

Station 11783

(3)

Station 11784

(4)

Station 11785

0.89

To validate the SWAT-predicted flows in recent
years, the measured streamflow data from the four
TCEQ water quality monitoring stations were
compared with the model outputs at each
corresponding subbasin outlet. About 20 measured
streamflow data at each station were available for
periods of different duration. SWAT was able to
closely simulate most moderate to low-flow
measurements, while the greatest discrepancies
occurred during high-flow measurements (Figure 3).
Although data limitations prevented rigorous
verification of the model, it is concluded that SWAT
adequately predicted the observed conditions at the
three monitoring stations and was acceptably robust
for the purpose of daily flow prediction needed to
develop the load duration curve. The simulation
period was selected as 26 years, including the 2-year
warming periods, from January 1, 1987 to December
31, 2010.
As shown in Figure 4, the FDCs at the three
TCEQ water quality monitoring stations showed the
anticipated increase in streamflow in the downstream
direction from station 11783 (near the outlet of
Burton Creek) to station 11784 (near the middle of
Carters Creek), and further to station 11785 (on
Carters Creek). These streams are expected to see
reductions of streamflow through evaporation and
seepage, which are included in SWAT. The
streamflow at station 11785 is predicted to be higher
under low flow conditions than the two upstream
stations, probably due to the discharge from the
Carters Creek WWTF.

FIGURE 3
Comparison between monthly measured and
model-simulated flows at four water quality
monitoring stations
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FIGURE 4
Flow duration curves at three water quality
monitoring stations
(a) Monitoring station 11783
Nitrate-N concentrations ranged from 0.14 to
21.4 mg-N/L and averaged between 8.4 and 11.2 mgN/L at the three monitoring stations 11783, 11784,
and 11875. Approximately 85±92% of the nitrate-N
measurements exceeded the TCEQ water quality
screening criteria of 1.95 mg/L. Approximately 39±
62% of the nitrate-N measurements in the watershed
exceeded the 10-mg-N/L criterion for surface waters
designated for drinking water in the United States. In
addition to this nitrate health standard, the Minnesota
Pollution Control Agency (MPCA) also proposed
draft nitrate-N water quality criteria for aquatic life
toxicity [18]. 41 mg-N/L is the maximum
concentration at any time for the acute standard, and
3.1±4.9 mg-N/L is the four-day average concentration
that should not be exceeded more than once in a
three-year period for the chronic standard. Since all
the nitrate-N measurements were less than 21.4 mgN/L, no acute toxicity of nitrate was expected.
However, chronic toxicity of nitrate could affect
aquatic life in these watersheds.
The LDC approach was used to compare the
measured nitrate-N concentrations with daily flow
data to the water quality screening standard of 1.95
mg-N/L under a range of flow conditions (Fig. 5).
Nitrate-N loads at stations 11783, 11784, and 11785
exceeded the LDC for 92%, 87%, and 92% of the
flows, respectively. The LDCs can be divided into 5
different flow conditions: high flow (0±10%), moist
flow (10±40%), mid-range flow (40±60%), dry flow
(60±90%), and low flow (90±100%) [19]. The
observed pollutant loads at high to moderate flows
are potentially associated with non-point sources,
including urban stormwater, agricultural runoff,
atmospheric deposition, and unknown sources,
whereas loads observed at low flows are potentially
associated with direct point sources.
The LDC results indicated that the observed nitrate
loads are potentially associated with both point and
nonpoint pollution sources. The land-use/land-cover

(a) Monitoring station 11784

(a) Monitoring station 11785
FIGURE 5
Load duration curves at three water
quality monitoring stations
data for the Carters/Burton Creek watershed obtained
from the National Land Cover Database (NLCD,
2001) indicates that the western portion of the
watershed is dominated by developed urban area
(43.9% for Carters Creek and 98.8% for Burton
Creek), and the eastern portion is rural area (56.1%
for Carters Creek and 1.2% for Burton Creek) (Table
2). This suggests that the nitrate values above LDC
are potentially associated with urban-related settings
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TABLE 2
Land-use/land-cover data for the Carters/Burton Creek Watershed (2001 National Land Cover
Database)
Land use/land cover classes
Urban

Rural

Residential
Commercial/industrial
Forest
Pasture/grassland
Shrubland
Cropland
Open Water/wetlands
Barren Land
Total

such as stormwater runoff and sanitary sewer
overflows (SSOs). SSOs are unauthorized discharges
of untreated or partially treated wastewater from a
combined sewer system that could be also a potential
source of elevated nitrate concentration in the study
watershed.
A total 248 SSO incidents have been reported
by the TCEQ for January 2005 through February
2010 in the Carters/Burton Creeks watershed,
resulting in the discharge of an estimated total
volume of 2,169,622 gallons. Thus, to reduce nitrate
loadings, SSOs in this area should be proactively
identified by the responsible party -- either the Texas
Pollutant Discharge Elimination System (TPDES)
permittee or the owner of the collection/transmission
system. In addition, the land-use/land-cover indicates
a notable amount of cultivated lands near the Carters
Creek watershed that is largely irrigated, meaning
that irrigation return flows could be a potential point
source of nitrate.

Carters Creek
Watershed
% (ha)
31.9
12
14.4
22.8
9.4
0.7
8.1
0.7
100 (12,964)

Burton Creek Watershed
% (ha)
68.3
30.5
0.6
0.2
0.3
0.03
100 (1,789)

mg-N/L was detected in the watersheds, which
indicated potential for chronic toxic effects of nitrate
on aquatic organisms, whereas no potential for acute
toxicity of nitrate on aquatic organisms was
suggested.
(3) The observed nitrate loads are potentially
associated with both point and nonpoint pollution
sources. SSO could be one major potential source of
nitrate pollution in this watershed.
Understanding
nitrate-nitrogen
loading
in
Carters/Burton Creek watersheds will provide useful
information for the development and evaluation of
nitrogen reduction strategies.
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ISOLATION, PARTIAL PURIFICATION AND
CHARACTERIZATION OF THERMOSTABLE XYLANASE
FROM THERMOPHILIC ANOXYBACILLUS SP. ISOLATED
FROM HOT SPRINGS
Bariú(QH]1, Sema Aguloglu Fincan1*
1

Department of Biology, Faculty of Science, Dicle University, 21280-Diyarbakir-Turkey

oxygen demands and have either rod, disc or
elliptic
morphologies.
Since
thermophilic
microorganisms are heat-resistant, they produce
some advantages [2]. Higher temperatures in
microbiological
fermentation
increase
the
resolution and diffusion capacity of many
compounds and decrease the viscosity of the
medium. If the temperature is high enough, some
volatile products are removed preventing cell
growth by evaporation [3]. Because of their natural
structure, thermostable enzymes are basically
isolated from the thermophilic organisms used in
many commercial areas [4]. For example, many
thermostable enzymes are used in industries which
involve the production of detergents, food, feed,
starch, textile, leather, paper and medicine etc.
Thermostable enzymes show high tolerance to
different denaturing conditions. Thermostable
enzymes also prevent the formation of
environmental pollutants which are biologically
hardly degradable and insoluble [5].
Xylanase (1,4-ȕ-D-xylan xylanohydrolase;
E.C. 3.2.1.8) is commercially used in the
fruitessence, paper, food and animal feed industries.
In the fruit and paper industries, xylanase enzymes
increase the whiteness of paper and decrease the
amount of compounds contained and chlorine in the
process [6]. Particularly in Western Europe and
North America, Xylanases are substantially used in
bark removal, paint removal of recycled fibers and
purification of cellulose for the preparation of paper
solutions. Many commercial xylanases are
produced by Bacillus, Trichoderma, Aspergillus,
Penicilium, Aureobasidium and Talaromyces spp
[7].
Members belonging to the Anoxybacillus
species were previously categorised under the
Bacillus species. This species was first described by
Pikuta et al [8]. It has been determined that all
anoxybacillus species defined are thermophile,
gram-positive, spore forming bacilli shape bacteria
[9].
Because of the thermophile properties of the
bacterium isolated from the hot spring in
Afyonkarahisar, the enzymes produced by
thermophiles have a longer shelf life and the

ABSTRACT
Isolation,
partial
purification
and
characterization of thermostable xylanase from
thermophilic Anoxybacillus isolated from hot
springs located in Afyonkarahisar were performed.
The bacterium was determined to be bacilli (rods)
shape, gram-positive and movable. Optimum
conditions for bacterial growth and enzyme
production were determined to be 55oC, pH 7.0 and
48 hours. Maximum anzyme activity was reached at
60oC and pH 7.0. Partial purification of xylanase
enzyme was performed with precipitation of 80%
ammonium sulfate and dialysis procedures (1.2-fold
and 35% recovery, respectively). The molecular
weight of xylanase was ~34 kDa, as estimated by
SDS-PAGE. Partially purified anzyme was
observed to maintain its stability after 2 hours in
50oC and 60oC and after 1 hour in 70oC
temperature. It was determined that enzyme activity
was maintained 100% at the end of the1-hour
period at pH 6.0, 7.0 and 8.0. A particularly strong
inhibition was observed with the SDS (83%) effect
caused by detergents used on enzyme inhibition.

KEYWORDS:
Anoxybacillus sp., xylanase, partial purification, isolation

INTRODUCTION
The interest in xylanolytic enzymes obtained
from microbial sources has increased considerably
in recent years. Xylan, base component of the
hemicellulosic part of cell walls, is a heteropolymer
IRUPHG
ZLWK
ȕ-1,4-D-xylopranosyl
or
oligosaccharides and monosaccharide.
Among
xylanolytic enzymes xylanases are the most
abundant ones. Many bacteria and fungi need
xylanases in order to digest xylan. Therefore
pathogens and saprophytes produce cell walldegrading enzymes [1].
Thermophilic bacteria have been identified as
capable of living at high temperature, can be
anaerobic or facultative anaerobic depending on
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catalyzing of biochemical reactions in high
temperatures well as the production, partial
purification and characterization of this bacterium
were all performed.

Effect of Temperature and pH on
Xylanase Activity. As enzyme while investigating
the effect of temperature and pH on xylanase
activity, the supernatant obtained by centrifuging
bacterial cultivation culture in NB cultivation
medium was used.
To determine the effects of temperature;
xylanase activity was measured at temperatures
from 35oC to 85oC byin 5oC increments and relative
enzyme activity was determined.
Xylan (0.5%) was prepared in 50 mM buffers
at different pHs. A citric acid buffer, Tris-HCl
buffer and carbonate/bicarbonate buffer were used
for
pH
4.0±6.0,
7.0±9.0,
and10.0±11.0,
respectively. Relative enzyme activity was
measured under standard assay conditions.

MATERIALS AND METHODS
Microorganisms and Culture conditions. In
this study, Anoxybacillus sp. isolated from a hot
spring in Afyonkarahisar was used. The organism
was identified by biochemical tests and 16S rRNA
sequence. The 16S rRNA sequence analyses of
isolates obtained were conducted by Ref-Gen
(METU Technocity/Ankara). Anoxybacillus sp was
produced in Nutrient Broth (NB; peptone 5.0, meat
extract 3.0) medium containing 120 rpm shaker at
pH 7.0, 55oC temperature and 0.5% xylan for 48
hours. Supernatant was used to measure xylanase
activity. Bacterial growth was measured to be 460
nm in the spectrophotometer.

Partial Purification of the Enzyme. 350 ml
NB cultivation medium (pH 7.0) prepared in
1000ml flasks and autoclaved. Then by the
cultivation of bacteria, they were incubated in the
temperature (55oC) optimum for bacteria growth.
At the end of 48 hours incubation, the cultivation
medium was centrifuged for 15 minutes at 10 000
rpm refrigerated centrifuge. In enzyme purification,
two subsequent procedures were performed. These
procedures are precipitation with ammonium
sulfate (80%) and dialysis.

Biochemical Tests of Anoxybacillus sp.
Isolated bacteria were produced in nutrient agar
containing 0.5% xylan and were tested
biochemically.
Determination
of
Protein
Amount.
Determination of Protein amount was made
according to the Lowry method [10].

Electrophoresis. The molecular weight of the
SXULILHG Į-amylase was estimated by sodium
dodecyl
sulphate-polyacrylamide
gel
electrophoresis (SDS±PAGE) according to the
method of Laemmli [12]. The purified enzyme was
loaded onto 1 mm thick 10% polyacrylamide gel
together with molecular size markers. After
completion of electrophoresis, the gel was stained
with Coomassie Brilliant Blue R-250.

Determination of Xylanase Activity.
Determination of xylanase enzyme activity was
performed according to the dinitrosalicylic acid
(DNS) method [11]. For activity determination,
enzyme solution and 0.5% xylan solution was
incubated at 55oC for 45 minutes. Then, in order to
stop the reaction, 3.5 DNS was added and it was
placed in boiling water for 5 minutes.
Spectrophotometric measurements were made at
535 nm.

The Effect of Temperature and pH on
Xylanase Stability. In order to determine the
temperature stability of xylanase enzyme,
incubation was performed between 15-120 minutes
by only using enzyme at 50oC, 60oC and 70oC.
After pre-incubation, to determine what level of
enzyme activity remained and enzyme substrate
mixture, the samples were left for incubation at the
optimum temperature where enzyme showed
activities. In order to determine the pH stability of
xylanase enzyme obtained from partial purification,
0.1 M citric acid, 0.1 M. Tris-HCI and 0.1 M
carbonate / bicarbonate were prepared. The enzyme
was left for pre-incubation for 180 minutes. After
pre-incubation,
the
remaining
activity
determination were measured under experimental
conditions by adding substrate.

Effect of temperature, pH and incubation
time on bacteria and xylanase production. By
preparing 25 ml culture media in a 100ml conical
flask, 2ml bacteria cultivation was performed. In
order to determine the optimum values of bacteria
and enzyme production between 25-80oC
temperature ranges, it was kept in a 120 rpm water
bath shaker and absorbance measurement was
performed in spectrophotometer.
In the prepared NB medium containing 0.5%
xylan, enzyme and bacteria production were
performed by increasing pH from 4.0 to 10.0 by 0.5
increments.
For the effect of incubation time on microbial
growth and enzyme production; bacteria is
produced in a NB cultivation medium (pH 7.0) and
55oC, absorbance measurements were performed by
taking samples every 4 hours.

The Effect of Detergents on Partially
Purified Enzyme Activity. In order to investigate
the effect of some detergents on purified enzyme
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TABLE 1
Morphological, Physological and Biochemical Tests
Characteristics

Anoxybacillus sp.

Aerobic growth
Gram painting
Spore forming
Cell form
Pigmentation
Temperature range (oC)
Optimum temperature (oC)
pH range
Optimum pH
Hemolysis
Motility
Hydrolysis of:
Starch
Caseine
Gelatine
Activity of:
Lipase
Urease
Catalase
-galactosidase
Indole
Phosphatase

+
+
+
rod shape
white
30-70
55
3.0-10.0
7
+
+
+
+
++
++
+
+

+, positive result or growth; ±, negative result or no growth.
activities, 0.5% SDS, Tween-40, Tween-80
and TritonX-100 were used. These detergents were
prepared in 0.1 M pH 7.0 Tris-HCI buffers.
Prepared detergents were left for pre-incubation
with the enzyme for 30 minutes. After this step, the
remaining enzyme activity determination was
obtained by adding substrate.

phylogenetic position of the rDNA sequences was
determined by the construction of a phylogenetic
tree (Fig. 1). The 16S rRNA sequence of this strain
(1418 nucleotid sequences) is given below
The Effect of Temperature, pH and
Incubation Time on Bacteria and Xylanase
Production. In order to investigate the effect of the
temperature on bacterial growth and enzyme
production, they were left for incubation in NB
cultivation media from 25oC to 80oC by 5oC
increment. Maximum bacterial growth and enzyme
production were determined to be at 55oC (Fig. 1).
At various pHs, it was left in order to examine
bacterial growth and enzyme production. At the end
of this process, maximum bacterial growth and
xylanase production were observed at pH 7.0 (Fig.
2). In order to determine the effect of various
incubation periods on enzyme productions and
bacterial growth, they were incubated between 2060 hours at 7.0 pH and 55oC. Maximum bacterial
growth and enzyme production after incubation
were determined to occur with at 48-hour periods
(Fig. 3).

RESULTS
Biochemical and Molecular Identification.
As a result of the biochemical tests performed,
features of isolates such as being Gram positive,
bacilli (rods) shape and produced xylanase enzyme
in xylan media were determined (Table 1).
The isolate from the spring water was
confirmed to be a member of the genus
Anoxybacillus. 16S rDNA gene product with
approximately 1418 bp was sequenced for the
isolated microorganism. As a result of 16S rRNA
analysis, a comparison of the 16S rDNA sequence
of this strain with other related bacteria shows that
the 16S rDNA sequence of this strain has a high
level of similarity with Anoxybacillus. The
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FIGURE 1
Effect of temperature on bacterial growth and enzyme activity

FIGURE 2
Effect of pH on bacterial growth and enzyme activity
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FIGURE 3
Effect of time on bacterial growth and enzyme production

Temperature and pH effect on Enzyme
Activity. From the top liquid obtained after 48
hours when the maximum xylanase secreted,
produced under optimum conditions, in the
temperature determination in 35-85oC, the
maximum temperature activities of the enzyme
were determined in 60oC (Fig. 4). In the same
environmental conditions, xylanase activity was
determined to be the maximum at pH 7.0 in the
analyzed performed between 4-11.0 pH (Fig. 5).

Detergent Effect on Xylanase Activity. All
applied detergents were determined to inhibit the
enzyme (Fig.8). When the effect of detergent on
partially purified enzyme was examined, the
remaining enzyme amounts of depending on control
were determined to be; 17% SDS, 73% Tween-80,
72% TritonX-100.
Partial purification of the xylanase. The
enzyme was purified using 80% ammonium sulfate
precipitation and dialysis, with a 1.2-fold and 35%
recovery.

pH and Temperature on Xylanase Stability.
Partially purified enzyme was observed to preserve
its stability at 50oC and 60oC after 2 hours. In 70oC
however, it was observed to preserve its activity
100% after 1 hour and lost its activity after 2 hours
(Fig. 6). While enzyme activity was determined to
be stable after an hour at pH 6.0, 7.0 and 8.0, it
preserved 78% at pH 6.0, 70% at pH 7.0 and 71%
at pH 8.0 (Fig. 7).

Molecular mass determination. The molecular
weight of partial purified from Anoxybacillus sp.
was ~34 kDa, as estimated by SDS-PAGE (Fig.9).
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FIGURE 4
Effect of temperature on xylanase activity

FIGURE 5
Effect of pH on xylanase activity

3043



© by PSP

Volume 25 ± No. 8/2016, pages 3038-3028

Fresenius Environmental Bulletin






FIGURE 6
Effect of temperature on xylanase stability

FIGURE 7
Effect of pH on xylanase stability
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FIGURE 8
Effect of detergents on xylanase activity

FIGURE 9
SDS-PAGE analysis of partial purified xylanase Anoxybacillus sp. Bovine serum albumine (66 000),
albumin egg (45 000), glyceraldehyde-phosphate dehydrogenase (36 000), carbonic anhydrase (29000),
trypsin inhibitor (20 100) (lane 1); xylanase crude extract (lane 2); dialyse (lane 3)
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kDa for Arthrobacter sp. MTCC 5214 [32],
38 kDa for Bacillus circulans BL53 [33].
This study describes the partial purification
xylanase produced by thermophilic Anoxybacillus
sp. Thermostabilization of a purified enzyme shows
that it is usable biotechnologically because it is
highly tolerant against diverse denaturing agents
within the medium.

DISCUSSION AND CONCLUSIONS
Many xylanases from the genus Bacillus had
been reported. For production of Anoxybacillus
amylolyticus sp isolated from Antarctica, the
optimum temperature, pH were determined to be
61oC and 5.6, respectively, for Bacillus pumilus
ASH production, optimum temperature was found
to be 55oC [9,13]. In previous studies, the highest
xylanase production in Bacillus circulans WL-2,
Bacillus thermoleovorans K-3d, Geobacillus
thermoleovorans was obtained at pH 7.0 [14-16]. It
was shown at the end of 96 hours period that
enzyme production reaches to its maximum at pH
8.0 and 37oC in Bacillus pumilus, pH 6.8 and 80oC
in Bacillus amyloliquefaciens, pH 6.5-7.0 in
Chaetomium thermophile NIBGE xylanase
[13,17,18]. Yuan et al. were found the maximum
enzyme activity at pH 7.0 and 50oC in their study
on Bacillus subtilis >@ 6D¶-Pereira et al. [20].
were determined the optimum temperature and pH
for xylanase enzyme obtained from Bacillus subtilis
as 60oC and 6.0, respectively. They have
determined the optimal temperature and pH level
for xylanase produced from Poorna and Prema [21]
Bacillus pumilus as 50oC and 6.5-7.0. Lv et al. [22].
reported that termostable xylanase obtained from
EMSD5 shows optimum activity at 50 oC and at 6.8
pH. The highest enzyme activity were measured
60oC and pH 7.0 in Bacillus circulans and 55oC and
pH 5.0 in Aspergillus niger US368 [23,24].
Although the xylanase from B. stearothermophilus
T-6 had good thermostability at 65oC, it showed
high activity within a relatively narrow range (more
than 80% of maximal activity at pH 5.5±pH 7.5)
[25].
It was reported that xylanase obtained from
Bacillus sp. kept its activities after 2 hours at 3050oC, lost its activity by 10% at 60oC, 11% at 70oC
and 29% at 100oC [26]. By contrast xylanase
isolated from Bacillus sp. SPS-0 was reported to be
stable for 4 hours at 70oC and pH 6.0 [27]. and
xylanase of Bacillus flavothermus LB3A stayed
stable for 2 hours at 70oC [15].
It was observed from previous studies that
SDS has an inhibitory effect on the production of
Bacillus circulans BL53, Bacillus pumilus, Bacillus
pumilus ASH xylanases [23, 21, 13]. Similarly, it
was shown that enzyme production was inhibited
by Tween 20 trHDWPHQW ,Q 6D\DUL¶V >@ ZRUN
while only 20%of the SDS effect of xylanase from
Aspergillus niger US368 was preserved, an increase
was observed with the amounts of 33.32% Tween80 and 26.64% TritonX-100.
Many xylanases produced by the Bacillus
genus are in the range of 22±45 kDa [28,29].
Molecular masses for different xylanase have been
reported: 38.8 kDa for Anoxybacillus sp. E2 [30];
45 kDa for Bacillus thermantarcticus [31], ~ 20
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EFFECTS OF TWO HYDROPONIC PLANTS AND
HERBIVOROUS SNAILS ON NUTRIENT VARIATIONS
COUPLED WITH ALKALINE PHOSPHATASE ACTIVITIES
IN EUTROPHIC WATER
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ABSTRACT

activity; Eutrophic water

The impacts of two hydroponic plants (Cyperus
alternifolius and Canna generalis) and the apple snail
(Pomacea canaliculata) on nutrient change behaviors
and kinetics of alkaline phosphatase in eutrophic
water were studied in this paper. A mesocosm
experiment contained six different treatment systems
was conducted from October to November 2014. The
total removal rates of C. alternifolius and C.
generalis for total nitrogen (TN), total phosphorous
(TP) and chlorophyll a (Chl-a) contents were 74.9%,
79.8%, 85.9% and 70.9%, 79.2%, 83.0%,
respectively, and the function of organic P hydrolysis
decreased as well, in terms of the lower velocity of
reaction (lower Vmax) in overlying water combined
with lower affinity for substrate (higher Km values)
in interstitial water and surface sediment. On the
contrary, the snails exhibited an activation on alkaline
phosphatase in water body (higher Vmax and lower Km
values), interstitial water (higher Vmax) and sediment
(higher Vmax), despite the high P concentrations in
these mesocosms. No obvious correlation was found
between orthophosphate (PO43--P) and alkaline
phosphatase activity (APA) in our study, indicated
that the ³LQGXFWLRQ-UHSUHVVLRQ´ PHFKDQLVP GLG QRW
work in hypereutrophic water. Additionally, a
remarkable feature is that snails coupled with plants
would aggravate eutrophication in water column, due
to the grazing of snails on plants as their food source.
Our study highlighted to investigate the enzymology
mechanism
of
macrophyte-snail-phytoplankton
systems and to give some implications on the
restoration of eutrophied water by using floating-bed
systems.
KEYWORDS:
Hydroponic plant; Snail; Nutrient; Alkaline phosphatase
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INTRODUCTION
Aquatic plants have been widely used for the
treatment of wastewater and restoration of eutrophic
water bodies, which are considered to have merits of
low cost and aesthetic value [1-3]. Much attention
has been paid to the effects of nutrient removal by
plants, in relation to constructed wetland systems
[4-6]. In those systems, plants are recognized as an
indispensable part to regulate biological structures
due to their essential chemical and physical
properties. Through plant growth, nutrients can be
assimilated continuously and eventually removed
from water bodies by harvest. Moreover, the plants
could provide a sizable surface area for attached
microorganisms to thrive, and reduce flow intensity
which would encourage particle settling and
entrapment of suspended matters [1,5]. However, in
terms of in site purification of hypereutrophic water,
planted floating-bed technology is more flexible than
traditional macrophyte-based constructed wetlands,
not only because of occupying no land area, but
because the improvement of nutrient uptake rate with
rooting in water column directly [7-10].
The utilization of the floating-bed has been also
found to be susceptible to ambient environmental
factors. The growth of aquatic plants can be
suppressed by some freshwater snail species which
can graze extensively on macrophyte tissues
according to some researches [11,12]. Nevertheless,
the relationship existed between herbivorous snails
and macrophytes seems to be complicated. Li et al.
[13] found that the relationship may be a mutualistic
one at low grazing pressure, whereas at high grazing
pressure the plant biomass would decline result from
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overgrazing. But anyway, snails could have important
influence on aquatic ecosystem by their metabolism.
Previous studies have mainly focused on either
the interactions between snails and aquatic plants or
the efficiency of nutrients removal by macrophytes in
waterbody. Few investigations have been carried out
to explore the macrophyte-snail-phytoplankon
systems from the perspective of enzymology
mechanism.
Microbial enzymatic activities are believed to
play a key role in the degradation of organic matter in
the nutrient cycles of freshwater ecosystems, among
which extracellular phosphatases are mostly studied
[14]. When soluble inorganic phosphorus
is scarce
in water column, phytoplankton can produce
extracellular phosphatase to hydrolyze organic
phosphorus into orthophosphate for the compensation
of phosphorus deficiency [15-17]. Thus it is not
enough to focus on the nutrient variations without
investigating the effects of snails and macrophytes on
alkaline phosphatase activity (APA) in aquatic
ecosystems. In order to achieve this objective, we
conducted a mesocosm experiment of the response of
two hydroponic plants and herbivorous snails on
nutrient change behaviors coupled with the kinetics
of alkaline phosphatase in eutrophic water.

concentration remains at a high level in water column
during the bloom [21]. After a long period of
eutrophication, macrobenthos can hardly exist except
apple snails due to their strong adaptability and
competitiveness
for
food
resources
[22].
P.canaliculata was collected from Lake Dianchi, then
rinsed with deionized water and kept without food for
one day before being placed into the mesocosms.
Mesocosm structure and experimental design.
The mesocosm experiment was performed outdoors
by using circular polyethylene plastic tanks (top
diameter=45 cm, bottom diameter=30 cm, height=45
cm), consisting of sediments and water column. The
sediments were sampled from the north of Lake
Dianchi (Fig.1), before being introduced into each
tank, the sediments needed to be sieved (mesh size
= 1mm) to wipe out macrofauna and then kept at -20Ԩ
for one week to ensure that no animals would be alive
[23]. A 10-cm thick layer of homogenized sediments
were added to these tanks and the upper part of tanks
was subsequently filled with eutrophic lake water
carefully that getting from the same sampling site of
sediments. All the mesocosms were under a shed of
glass roof to receive natural sunlight as well as to
avoid the dilution by rainfalls. After equilibration for
two weeks, nutrient and Chl-a concentrations in these
tanks were:
TN=6.89±0.15mgL-1,TP=0.226±0.010mgL-1,PO43--P
=0.011±0.008mgL-1,Chl-a
concentration =24.32±0.28ug L-1.

MATERIALS AND METHODS
Material preparation. C.alternifolius and
C.generalis were two of the most common plant
species that used in constructed wetland and floating
bed systems in many parts of China [5,18].
C.alternifolius and C.generalis were selected for
uniformity in growth state (average root length = 30
± 1cm) from planted floating-bed in Lake Dianchi
(24°40'-25°03'N,102°37'-102°48'E),
a
typical
eutrophic lake located in Southwest China [19], then
cleaned with a soft brush and washed with deionized
water to get rid of periphyton and acclimated in tap
water for four days. When the experiment started, the
plants were transplanted into polyethylene foam
plates with small holes, through which the roots
could completely immerse into water of the
mesocosms.
P. canaliculata, as an invasive species, was
found to be widely distributed around South China,
including Lake Dianchi watershed in Yunnan
Province [20]. And Since 1980s, Lake Dianchi has
attracted the attention of the whole world for its
severe cyanobacterial blooms, the chlorophyll

Then the six treatments were set as follows:
1. No plants and snails added (as control systems),
hereafter CON;
2. C. alternifolius (wet weight=550±10g, per tank)
added, hereafter CA;
3. C. generalis (wet weight=840±10g, per tank)
added, hereafter CG;
4. P. canaliculata (wet weight=106.2±0.6g, per tank)
added, hereafter PC;
5. C. alternifolius (wet weight=550±10g, per tank) +
P. canaliculata (wet weight=105.5±0.6 g,per
tank)added, hereafter AP;
6. C. generalis (wet weight=840±10g, per tank) + P.
canaliculata (wet weight=105.9±1.3 g, per tank)
added, hereafter GP.
All treatments were carried out in triplicate.
During the period of experiment, dead snails were
cleaned out and replaced by living ones with similar
size immediately.
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FIGURE 1
Map of sampling site in Lake Dianchi
Sampling and analysis. Sampling continued
approximately six weeks from 1 October to 16
November 2014. Water and surface sediment samples
were taken from each tank every week at
8:00-9:00a.m. 100 ml of water was collected at 15cm
depth with a siphon pipe for the analysis of water
quality parameters and alkaline phosphatase activity
(APA). And in order to maintain the water level,
appropriate amount of deionized water was added to
each tank after sampling every week.
Total nitrogen (TN), total phosphorous (TP) and
orthophosphate (PO43--P) were detected with an
automatic continuous flow analyzer (San++, Skalar,
Netherlands).
Chl-a
was
determined
spectrophotometrically after extraction with ethanol
which described by Jespersen et al. [24].
APA assays used a modification of the method
described by Sayler et al. [25]. The actual procedures
were as follows: Sediment samples were slurried by
Tris buffer (pH=8.6), then eight concentrations of
p-nitro-phenylphosphate (pNPP) substrate were
added, which ranged between 0.01 and 3.0mmol l -1.
The samples were incubated at 37Ԩ for 1 h, 1.6 ml of
slurry was centrifuged at 3000rpm and 1 ml of the
supernatant was mixed with 4 ml of 0.1 M NaOH to
stop the reaction. Absorption was measured at 410 nm.
pNPP was added to reagent blanks after the reaction
had been stopped. APA was converted to absolute
units using a standard curve of p-nitrophenol (pNP).
&RPSXWHUSURJUDPPHµ*UDSK3DG3ULDP¶ ZDVXVHG
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for the calculation of the kinetics parameters (Vmax and
Km values) and the values were estimated by fitting
Michaelis-Menten equations. All samples were run in
triplicate.
APA in unfiltered overlying water and
interstitial water (obtained by centrifugation at 3000
rpm for 30 min from the sediment samples ) was also
determined with a procedure modified from the
method described by Berman et al. [26].
Statistical analysis was performed using SPSS
16.0 for windows and the diagrams were drawn by
using Origin 8.0.

RESULTS
Effects of different treatments on water
column. Variation of nutrient concentrations in
overlying water. Fig.2a showed the variations of TN
concentrations in the overlying water of different
treatment systems. TN concentrations of all systems
tended to decrease significantly over time
(RM-ANOVAs, time effect, p<0.05), from an
average initial concentration of 6.89mg L-1 to less
than 3.0mg L-1 by the end of the trial. The total
removal rate of TN in a decreasing order is CA, CG,
PC, AP, CON and GP (Table 1). In comparison with
the CON system, all treatment systems had better
performances on the removal of TN except GP
system. Among these systems, CA was the best
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decreased sharply during the first 4 weeks and then
reached a steady state with a final TN concentration
less than 1.8 mg L-1 in CA system.
Unlike TN, TP concentrations presented various
trends (Fig.2b). TP concentrations of these treatment
systems (PC, AP and GP) which added with snails
took on a fluctuant increasing process and were
higher than CON system (except the first week). The
removal rates of TP concentration in AP, GP and
CON systems were 79.8%, 79.2% and 52.7%,
respectively (Table 1). Compared with other
treatment systems, PC had the largest increase of TP
concentration from 0.226 mg L-1 to 0.343 mg L-1.
However, in CA and CG systems, TP concentration
showed a consistent decrease over time and there was
no
significant
difference
between
them
(RM-ANOVAs, treatment effect, p>0.05).
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FIGURE 3
Variation of chlorophyll a contents in water
columns of different treatment systems



PO43--P concentrations in all systems only
accounted for few portion of TP throughout the
experiment, for example, the proportion of initial
PO43--P concentrations of all mesocosms were less
than 5% (4.87%) of TP concentrations (Fig.2c).
PO43--P concentrations were fluctuating with time in.














Time (d)

FIGURE 2
Variations of TN(a), TP(b) and PO 43--P(c)
concentrations in water columns of different
treatment systems
system to removal TN, with total removal rate of 74.9%
and it was significantly different from other treatments
(RM-ANOVAs, treatment effect, p<0.05). TN

TABLE 1
Nutrient removal rates or variation ranges of different treatment systems

a

CON

CA

CG

PC

TN

63.2%

74.9%

70.9%

69.7%

66.0%

58.7%

TP

52.7%

79.8%

79.2%

-51.7%a

-18.8%a

-13.8%a

PO43--Pb

0.002~0.012

0.004~0.018

0.000~0.023

0.002~0.018

0.002~0.053

0.003~0.063

the minus indicates an increase of TP concentration,b the unit is mg L-1
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all systems, AP and CA systems were significant
different with CON system˄RM-ANOVAs, treatment
effect, p<0.05˅, while other treatment systems had no
significant difference with CON system˄p>0.05˅
Variation of Chl-a contents in overlying
water.Fig.3 showed the time course of Chl-a
concentrations in all systems, Chl-a concentrations
were lower in the two plant treatments systems (CA
and CG ) than in CON system, while in the three
snail treatment systems (PC, AP and GP) were higher.
The removal rates of Chl-a concentrations in CA and
CG systems were 85.9% and 83.0%. Chl-a
concentration in PC system was rapidly increasing
during the first four weeks and subsequently declined.
By contrast, the similar decrease appeared after the
fifth week in AP and GP systems.

CON
CA
CG
PC
AP
GP

Variation of Vmax and Km values of alkaline
phosphatase in interstitial water. The Vmax values
were less than 75noml L-1min-1 in interstitial water
after the first week, the PC system had the highest
Vmax values among all the treatment systems. CA and
GP¶9max values were always higher than CG and AP,
UHVSHFWLYHO\ 2Q WKH FRQWUDU\ &$¶ .m values were
ORZHUWKDQ&* H[FHSWWKHIRXUWKZHHN DQG*3¶. m
values were lower than AP (after the second week).


CON
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AP
GP







Km umol L -1

Km umol L -1
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increased at the first four weeks and then began to
decrease, while a similar pattern was observed in AP
and GP systems, the Vmax values increased at the first
five weeks and subsequently declined, which lagged
behind PC system. The Km values in CON system
remained fluctuant and were significant higher than
in PC system (p<0.05), the other treatment systems
were lower than CON system except the first week.
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FIGURE 4
Variation in Km (a) and Vmax (b) values of total
alkaline phosphatase in different systems in
overlying water during study period

FIGURE 5
Variation in Km (a) and Vmax (b) values of total
alkaline phosphatase in different systems in
interstitial water during study period

Effects of different treatments on kinetics of
alkaline phosphatase in the mesocosms. Variation
of Vmax and Km values of alkaline phosphatase in
overlying water. Fig.4 reflected the changes of
kinetic parameters (Vmax and Km) of APA in
overlying water, Vmax values in CA and CG systems
were always significantly lower than other treatment
systems with a range from 24.77 to 73.10nmol
L-1min-1. Vmax values in PC system was gradually

Variation of Vmax and Km values of alkaline
phosphatase in surface sediments. All treatment
systems had little effect on the Vmax values in surface
sediments which fluctuated within a narrow range
from 3.356 to 9.837umol g-1h-1, the Vmax values were
significant higher in the plant treatment systems (CA
and CG) than in CON system, and similarly in the
snail added systems (PC, AP and GP) which were
3052
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higher than in CON system (apart from the first
week). In terms of Km values, CA and CG systems
were always higher than surface sediments of CON
system, GP system was higher than AP system in
general.

alternifolius and C. generalis might have certain
allelopathic effect on algae growth.
Moreover, the obvious lower Vmax values of
APA in overlying water of these two systems could
also be partly explained by the inhibition of algal
growth, algae were demonstrated as the major
producers of alkaline phosphatase in surface water of
àXNQDMQR /DNH (Poland) during the phytoplankton
blooms, while APA in bacterial size fraction only
accounted 9.6% of the total activity [31]. Thus, the
rate of enzymatic release of inorganic phosphate
decreased with the decreasing of algae biomass,
however, the two macrophytes seemed to elevate the
substrate affinity of phosphatase in their overlying
water (the lower Km values than the control systems),
this might differ from the results obtained by Zhou et
al. [32] who investigated the impacts of two kinds of
submerged macrophytes on phosphatase activity in
Lake Donghu, a shallow freshwater lake in China.
The APA in filtered and unfiltered water, which
sampled from the macrophyte covered zone, were
both inactivated with a expression of lower Vmax
and higher Km values. One possible explanation is
that the DOP in natural waters mainly consisted of a
high molecular weight fraction which was against to
hydrolysis by alkaline phosphatase [33]. Whereas the
organic phosphorus compounds in phytoplankton was
more likely to hydrolysed. After decomposition of
dead algal cells which could be attributed to plant
inhibition in our study, easy-hydrolysable DOP
would be released into water bodies, as a result,
improved the enzymatic affinity to the substrate
[34].On the other hand, unlike the dynamic real lake
investigations, our experiments were conducted under
a relative static state, this might also have some effect
on the final conclusion.
As to the overlying water, the V max values of
CA and CG systems varied over time in interstitial
water, and the Km values were higher than the
control systems, nevertheless, the V max and Km
values in surface sediments were both higher than the
control systems. Since the growth of plant roots could
smooth water fluctuation and reduce the total
suspended substance (TSS) effectively [35], Zhao et
al. [36] found that 41% and 54% of TSS can be
removed from water column, monitored in integrated
floating island systems on June 16 and October 18,
respectively.
The particulates, especially organic particulates
and decaying algae would accumulate on surface
sediment by sedimentation, and the growth of
bacteria could be stimulated by decomposition of the
organic compounds. Meanwhile, bacteria was
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FIGURE 6
Variation in Km (a) and Vmax (b) values of total
alkaline phosphatase in different systems in
surface sediments during study period
DISCUSSION
It was observed that C. alternifolius and C.
generalis both had good removal effects of TN, TP
and Chl-a during the simulated experiment, while the
former plant was slightly better. This result was in
accordance with previous study made by Bu et al.
[27], who found that using floating beds vegetated
with Canna indica have better removal performance
of COD, TN, TP and Chla than that with C.
alternifolius, and more than 60% TN and TP were
considered to be removed by sedimentation in the
floating bed systems. Besides, many macrophytes
species such as M. verticillatum [28] and C.
globularis var. globularis [29] were reported to affect
algae growth through allelopathic effects. Zhao et
al.[30] confirmed that the growth of C. pyrenoidosa
and M. aeruginosa could be strongly depressed by
the culture solution of H. sibthorpioides, and culture
solutions of macropytes were superior to their extract
solutions for the control of algal blooms in eutrophic
water. The lower level of Chl-a concentrations in CA
and CG systems (Fig. 3) suggested that C.
3053
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regarded as the main producer of alkaline
phosphatase in the benthic layer [37]. So the Vmax
values were observed higher in surface sediment of
CA and CG systems in our study, the result could
also be supported by the observation in Kiel Bight,
where an response in enzymatic activity was
suddenly emerged through the input of organic matter
into the sediments [38]. And in the presence of
macrophytes (CA and CG systems), the alkaline
phosphatase seemed to be more difficult to utilize the
substrate in sediment as well as in interstitial water,
in terms of higher Km values. It probably associated
with the high molecular-weight humic compounds
generated by macrophyte debris, APA could be
inactivated by means of humic-enzyme complexation,
abiotic mechanism related to iron and humic
materials demonstrated to be involved with
phosphorus availability under certain conditions [39].
In general, the lower velocity of reaction (lower Vmax
values) in overlying water combined with lower
affinity for substrate (higher Km values) in interstitial
water and sediment of CA and CG systems, indicated
that APA in eutrophic water could be effectively
suppressed by C. alternifolius and C. generalis.
The results of snail treatment system in our
experiment suggested that snails could remove TN to
some extent, but would increase TP concentrations.
Carlsson et al. [40] found that the invasion of
Pomacea in tropical wetland ecosystems led to
elevation of nutrients, however, nitrogen and
phosphorous concentrations remained low and even
showed a slight temporal decrease when P.
canaliculata was used to examine the impact on
wetland biodiversity and function [41]. Freshwater
snails facilitated nutrient cycling and microbial
growth through some manners, such as bioturbation
and feeding on organic detritus [42,43], dissolved N
and P would be excreted into surrounding water
through the metabolism of snails. And despite the
respiration of snails, the oxygen demand of mollusks
was demonstrated less than that of bacteria in
eutrophic aquatic systems [44]. Bacterial metabolism
along with the respiration of snails consumed so
much of the oxygen in water body that resulted in an
anoxic state in sediment, causing sediment-bound
phosphorus to release and inhibiting diffusion of
soluble inorganic nitrogen [45], and the
denitrification process was also be enhanced under an
anoxic condition These might be regarded as the
reasons why TN not increased as TP concentrations
in the snail treatment system in our study. The
macrophytes could promote aerobic degradation of
organic matter and nitrification by transferring
3054

oxygen to rhizosphere [1]. Thus, the removal
efficiency of TN and the increase range of TP
concentration decreased when plants added (AP and
GP system).
Chl-a, recognized as an important index of the
primary productivity and phytoplankton community,
was detected firstly increase and then descend in PC
systems. This was not completely consistent with the
study conducted by Fang et al. [41], who observed an
increase of Chl-a concentration caused by grazing of
P. canaliculata during an enclosure experiment.
Snails and bivalves had the ability to ingest algae,
submerged macrophytes and organic detritus via their
food chain [46]. Snails seemed not prior to feed on
phytoplankton under the condition of sufficient food
in the early stage of PC systems, because of its
mobility and buoyancy [47]. But snails strengthened
their feeding ability on phytoplankton biomass when
there was inadequate food in the later stage, led to a
decline of Chl-a.
Significant phosphatase activities were recorded
in overlying water of PC systems (Fig.4), the Vmax
values in PC systems were higher than in control
systems and the Km values were lowest among all
the treatment systems. This might because of the
growth of microorganism was accelerated by
metabolism and bioturbation of snails, taking into
account the high phytoplankton biomass (high Chl-a),
the APA associated with phytoplankton community
seemed to dominate that of bacterial community [48],
and the strong positive relationship (R2=0.84)
between Chl-a concentrations (Fig.3) and the V max
values of APA (Fig. 4b) in overlying water provided
an evidence for the explanation. Similarly, the snails
displayed a stronger ability to degrade organic P in
interstitial water and sediment in terms of higher V max
values as well, although there was no obvious trend
of change in Km values. Based on former research,
the sediments were found to be the primary site for
the hydrolysis of phosphomonoester compounds by
phosphatase, playing an important part in nutrient
regeneration processes after the summer algal bloom
[49]. The oxygen depletion resulted from respiration
of snails followed by anaerobic bacteria proliferation,
concomitantly, bacteria, attached to organic matter in
sediment, enhanced their APA to release soluble
reactive phosphorous into overlying water [50].
Generally speaking, snails would stimulate APA in
water body, interstitial water and surface sediment.
A notable feature observed in Chl-a contents
(Fig.3) and APA (Fig.4b) in water column was that
there appeared a hysteretic effect of variation in AP
and GP systems compared to PC system. A possible
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reason for this phenomenon was that the addition of
macrophytes extended the scope of snail food source,
so the durations of Chl-a and APA increase lasted
longer than the sole snail treatment systems. P.
canaliculata preferred submerged or floating
freshwater macrophytes, and grazing by the snails
evoked not only the loss of aquatic plants but an
increase in phytoplankton biomass
[40,51,52]. We
did found the roots of C. alternifolius and C.
generalis were grazed by snails at the end of our
experiment, and the C. generalis suffered more
serious grazing pressure from the snails (Fig.7),
furthermore, the higher peak values of Chl-a and
APA curves in later stage of AP and GP systems
illustrated that the macrophytes lost their important
role as inhibitions to algal bloom, when they were
treated as food source of snails. More orthophosphate
would be released into water column by hydrolysis of
the activated phosphatase, and the phosphorous cycle
would also be accelerated. Another feature to stress
out was that there had no obvious relationship
between PO43--P and APA in overlying water in our
VWXG\ZKLFKLQGLFDWHGWKDWWKH³LQGXFWLRQ-UHSUHVVLRQ´
mechanism was swamped when come to the
eutrophic waters [14,17]. ELFA-positive dots or
structures indicated that attached bacteria or
heterotrophic microorganism played a major role in
hydrolysis of organophosphoric compounds by
releasing extracellular phosphatases into eutrophic
lakes, in order to supplement as an organic carbon
source, and this process led to high phosphatase
activity [17]. It was indicated that phosphatase
activity was not inhibited in eutrophic station.
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FIGURE 7
Initial and final root lengths of plants and the
variation of root growth rate in different
treatment systems
A notable feature observed in Chl-a contents
(Fig.3) and APA (Fig.4b) in water column was that
there appeared a hysteretic effect of variation in AP
and GP systems compared to PC system. A possible

reason for this phenomenon was that the addition of
macrophytes extended the scope of snail food source,
so the durations of Chl-a and APA increase lasted
longer than the sole snail treatment systems. P.
canaliculata preferred submerged or floating
freshwater macrophytes, and grazing by the snails
evoked not only the loss of aquatic plants but an
increase in phytoplankton biomass
[40,51,52]. We
did found the roots of C. alternifolius and C.
generalis were grazed by snails at the end of our
experiment, and the C. generalis suffered more
serious grazing pressure from the snails (Fig.7),
furthermore, the higher peak values of Chl-a and
APA curves in later stage of AP and GP systems
illustrated that the macrophytes lost their important
role as inhibitions to algal bloom, when they were
treated as food source of snails. More orthophosphate
would be released into water column by hydrolysis of
the activated phosphatase, and the phosphorous cycle
would also be accelerated. Another feature to stress
out was that there had no obvious relationship
between PO43--P and APA in overlying water in our
VWXG\ZKLFKLQGLFDWHGWKDWWKH³LQGXFWLRQ-UHSUHVVLRQ´
mechanism was swamped when come to the
eutrophic waters [14,17]. ELFA-positive dots or
structures indicated that attached bacteria or
heterotrophic microorganism played a major role in
hydrolysis of organophosphoric compounds by
releasing extracellular phosphatases into eutrophic
lakes, in order to supplement as an organic carbon
source, and this process led to high phosphatase
activity [17]. It was indicated that phosphatase
activity was not inhibited in eutrophic station.
Our study may provide some implications for
the restoration of eutrophic water bodies, through our
experiment, C. alternifolius and C. generalis are
demonstrated effective on nutrient removal and APA
inhabitation, they are appropriate choice for floating
bed system construction. Nonetheless, floating bed
system should be used with caution when apple snails
or other herbivorous snails invade, since their
potential grazing on macrophytes can increase the
trophic state of water bodies by activating APA.
Limited by the scale and the high density of snails
(1486 g m-2)used in this trial, further studies are
needed to carry out under a larger scale with natural
density of snails.
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[2]. Other species like i e A. iwofii, A. junii, A.
calcoaceticus, A. radioresistens, A. haemolyticus
[3] were regarded as true commensals and not
harmful to immuno-competent humans and animals
[4], but are now being implicated in infection in
immunocompetent [1, , 5].
Resistance to antibiotics, serves as a major
setback in the treatment of Acinetobacter infections
[6]. The bacteria exhibit resistance to a wide range
RI DQWLELRWLFV IURP ȕ-lactams including several
antibiotics within the cephalosporin and
carbapenem groups and to aminoglycosides and
quinolones [7]. Zarakolu et al. [8] reported an
incidence of 67% multiple antibiotic resistant A.
baumannii strains, which will result in therapeutic
failures [9].
Acinetobacter species may acquire novel
resistance genes from possibly distantly related
species; thus positioning them as important
candidates for the evaluation of reservoirs of
antibiotic resistance in the environment or even in
human subjects [10].
The diverse uses of
tetracycline have encouraged extensive studies into
the resistance mechanisms. Several reports which
encompass efflux- and ribosome-based resistance
mechanisms relates also to first- and secondgeneration tetracyclines [11]. The acquisition of
new genes has been recognized as a factor
responsible for the emergence of the resistances,
which have also been observed in isolates from
aquatic sources, vegetables, sewage, and the
hospital environment [2, 12-14].
Five tetracycline resistance genes have been
identified in Acinetobacter; tetA, tetB, tetH, tet39
and tetM. Resistance to tetracycline, cephalosporins
and some other antibiotics are enzyme mediated,
where the production of extended-VSHFWUXP ȕlactamases (ESBLs) is one group. ESBLs are
known for their indispensable mechanism of
resistance to several different types of antibiotics,
HVSHFLDOO\ WKH ȕ-lactam,
broad
spectrum
cephalosporins and carbapenem antibiotics in
Gram-negative bacteria. Naas et al. [15] reported
the presence of PER-1 type ESBLs in A. baumannii
and Nagano et al. [28] the occurrence of CTX-M-2

ABSTRACT
The antibiogram of Acinetobacter isolates
from freshwater and soil samples in Alice and Fort
Beaufort towns in Nkonkobe Municipality, South
Africa were assessed for their extended betalactamase
(ESBL)
spectrum.
Eighty-six
Acinetobacter isolates were obtained from the 50
samples of soil and 50 samples of water (25 in each
location) analysed. The resistance of the
Acinetobacter isolates ranged between 30-100%
against penicillin G, ceftriazone, nitrofurantoin,
erythromycin and augmentin, while 9% showed
intermediate response to minocycline, and 10%
were resistant to oxytetracycline. Both Tet B and
Tet 39 were detected in 66.7 % of the tetracycline
resistant Acinetobacter isolates and in 44.4 % of the
intermediately tetracycline resistant Acinetobacter
isolates. An observation of 9.3% phenotypic
expression of ESBLs was made while 3.5% were
carrying the blaCTX-M-1 gene; all of which were
susceptible to the fluoroquinolone. The multiple
antibiotic resistance (MAR) index of > 0.2 indicates
that the isolates emerged from high-risk sources, in
line with conventional standards. Commensal
Acinetobacter spp in the environment have proven
to be one of reservoirs for antibiotic resistance
genes.
KEYWORDS:
Acinetobacter, Commensal Antibiogram, TetB, Tet39,
ESBLs, opportunistic infection

INTRODUCTION
Acinetobacter species have been isolated from
waterbodies, soil, sewage, fast foods and hospital
fomites and are commensals in humans and animals
[1, 2]. More than 30 species are known, but
Acinetobacter baumannii is the most common and
is of high clinical and sub-clinical importance [1].
A. baumannii are part of the normal bacterial skin
flora but can cause various types of opportunistic
infections among immunocompromised individuals
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type ESBLs. The presence of CTX-M ESBLs
makes the bacteria resistant to cefotaxime and
sometimes to ceftazidime. The enzyme, of CTX-M
ESBLs enhances the ability of the bacteria to resist
high profile extended spectrum antibiotics like
carbapenem [16]. The CTX-0 ȕ-lactamases are
plasmid-borne. Also, VEB-1 type ESBLs has been
found in A. baumannii where it is chromosomally
borne on integron1 similar to those in Pseudomonas
aeruginosa [32]. The integron determines the
source and methods of dissemination among A.
baumannii. [32, 33]. VEB-1 type ESBLs has been
reported in many isolates from hospital
environments including France, Belgium and
Argentina.
This study evaluates the antibiogram
characteristics of environmental Acinetobacter
strains isolated from the Nkonkobe Municipality as
well as the presence of tetA, tetB, tetH, tetM and
tet39 genes in their genomes and their ESBLs status

Primary Isolation. Primary isolation was
done following Culbreath et al. [38] with
modification as follow. Five mL aliquots of water
and the prepared soil suspensions respectively were
inoculated into 10 mL sterile double strength
nutrient broth and incubated at 37 oC for 24 hours.
Thereafter the broth cultures were aseptically
VWUHDNHG RQWR &+520DJDU $FLQHWREDFWHU
(Chromagar, Paris, France) for initial isolation of
Acinetobacter sp. colonies which appears as large
red colonies while other Gram-negative bacteria,
Gram-positive bacteria and yeasts are inhibited.
Occasionally, Stenotrophomonas maltophilia may
grow on this medium, but with much smaller
colonies than Acinetobacter species.
Characterization of the isolates. The
presumptive Acinetobacter colonies from the
&+520DJDU SODWHV ZHUH UDQGRPO\ VXE-cultured
on fresh plates, purified on nutrient agar plates and
Gram stained. The Gram-negative rods were further
characterized for oxidase production, using the
oxidase test kit (Sigma-Aldrich, Germany). Oxidase
negative isolates was analysed with API 20 NE
%LR¶0HULHX[  0XOWLSOH[ 3&5 EDVHG RQ VSHFLHVspecific gyrB primers of Higgin et al. , was used to
confirm the identification (Table 1).

MATERIALS AND METHODS
Study Location and samples collection.
Nkonkobe Municipality is a highly populated black
settlements of the Eastern Cape Province, South
Africa, with a population of about 128 658 where
only about 20% resides in urban settlements, mostly
in Alice and Fort Beaufort towns. Twenty-five
samples each of soil and water in Alice and another
twenty-five samples each of water and soil samples
were collected from Fort Beaufort. Sand-loamy soil
samples of about 15 g from the surface to a depth of
20 cm [36] were collected aseptically into sample
bottles while about 1 litre of surface water per
sampling point was collected and transported to the
laboratory under ice. A measure of 10% (w/v) soil
suspension was made and shaken for 15 min on a
rotary shaker [17] in preparation of 1 g soil in 10 L
of sterile distilled water for preliminary isolation.

Antibiotic Susceptibility Test (AST). The
phenotypic antibiotic testing was done according to
CLSI guidelines [40, 41]. Thirteen standard
antibiotics (MAST Diagnostics, Merseyside, United
Kingdom) were employed in this assay including
penicillin G (11U), imipenem (30 μg), meropenem
(30 μg), amoxicillin - clavulanic acid (20 μg
+16μg), trimethoprim - sulphamethoxazole (1.25
μg + 23.75 μg), nalidixic acid (5 μg), ofloxacin (5
μg), ciprofloxacin (5 μg), levofloxacin (5 μg),

TABLE 1
Multiplex PCR based on species-specific gyrB primers
Amplicon size
(bps)

Primer
gyrB-2

6HTXHQFH ƍ-ƍ
CTTACGACGCGTCATTTCAC

D14
D19
D16
D8
Sp2F
Sp4F

GACAACAGTTATAAGGTTTCAGGTG
CCGCTATCTGTATCCGCAGTA
GATAACAGCTATAAAGTTTCAGGTGGT
CAAAAACGTACAGTTGTACCACTGC
GTTCCTGATCCGAAATTCTCG
CACGCCGTAAGAGTGCATTA

Sp4R

AACGGAGCTTGTCAGGGTTA
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Species
A. calcoaceticus and GS3 reverse
sequencing primer
A. calcoaceticus
428
A. calcoaceticus
428
GS3
194
GS3
194
A. baumannii
1,194
A. baumannii and
1,194
GS13TU
A. baumannii and
GS13TU
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clavulanate disc was placed at the center and
the four 3rd generation cephalosporins which
includes ceftazidime, cefotaxime, ceftriaxone,
cefpodoxime (30 μg each) were placed at distance
of 15 mm from the centre and incubated for 24
hours at 37 oC. The observation of synergistic
inhibition zone between cluvulanic acid bearing
disc and any of the third generation cephalosporins
was interpreted as positive. Those without such
synergy were interpreted as negative.

ceftriaxone (30 μg), cefotaxime (30 μg), augmentin
(30 μg), erythromycin (10 μg), chloramphenicol
(30 μg), minocycline (10 ȝg), oxytetracycline (10
ȝg) and test strips (Oxoid Diagnostics, England).
Multiple Antibiotic Resistance Index
(MARI). The MARI was calculated as the ratio of
the number of the antibiotics to which resistance
occurred by the isolates (a) to the total number of
antibiotics to which the isolates were exposed (b),
i.e:
MARI= a/b

PCR-based Assessment of Tetracycline
Resistance and ESBLs genes. Extended spectrum
ȕ-ODFWDPDVHV¶ JHQHV DQG WHWUDF\FOLQH UHVLVWDQFH
genes were assessed using the primers in Tab 2 and
3 at the appropriate PCR conditions stated in the
respective tables.

Phenotypic Extended Spectrum BetaLactamase (ESBLs) activity. The double disc
synergy test (DDST) for phenotypic assessment of
ESBLs production was employed in line with the
protocol of Bradford [43]. An amoxicillin-

TABLE 2
Primers for detection of CTX-M 1 VEB Extended spectrum beta-lactamase genes in Acinetobacter spp
Primer

Primer
Sequence

PCR conditions

Size
bp

Target
genes

CTXM-1f

¶
GACGATGTC
ACTGGCTGA
GC -¶

initial denaturation at 94°C for 3 min,
followed by 35 cycles of denaturation at
94°C for 45 s, annealing at 60°C and
extension at 72°C for 1 min, and a final
extension at 72°C for 3 min

490

tetA

CTXM-1r

¶AGCCGCCGA
CGCTAATAC
A -¶

VEB-f

)¶ACGGTAATT
TAACCAGAT
AGG-¶
5¶ACCCGCCAT
TGCCTATGA
GCC-¶
ATACTGCTG
ATCACCGTA
TAGATG

VEB-r

tetH-1

tetH-2

TCCCAATAA
GCGACGC

tetM-1

GTTAAATAG
TGTTCTTGG
AG

tetM-2

CTAAGATAT
GGCTCTAAC
AA

denaturation at 95oC for 15 min,
followed by 35 cycles of denaturation at
94oC for 1 min, annealing at 46oC for 1
min and extension at 72oC followed by a
further extension at 72oC for 10 min

tetB

Prim
er
name
tetA-1

Sequence
¶ĺ¶

PCR conditions

GTAATT
CTGAGC
ACTGTC
GC

tetA-2

CTGCCT
GGACAA
CATTGC
TT

Denaturation for 3 min at
94°C followed by 25 cycles
of 1 min at 94°C, 1 min at
57°C and 1 min at 72°C.
This was concluded with a
final extension within 10
min at 72°C

tetB-1

CTCAGT
ATTCCA
AGCCTT
TG

970

tetB-2

initial denaturation at 94°C for 5 mins,
which was followed by 30 cycles
consisting of 94°C for 30 s, annealing at
65oC for 30 s, and extension at 72°C for
30 s; with a final extension at 72°C for 7
min

1175

initial denaturation at 94°C for 5 mins,
which was followed by 30 cycles
consisting of 94°C for 30 s, annealing at
64oC for 30 s, and extension at 72°C for
30 s. It was concluded with a final
extension at 72°C for 7 min.

700

tet39

tet391

tet392

ACTCCC
CTGAGC
TTGAGG
GG
CTCCTTC
TCTATT
GTGGCT
A
CACTAA
TACCTC
TGGACA
TCA

Initial denaturation of 3 min
at 94°C, followed by 30
cycles of 1 min at 94°C, 1
min at 52°C and 1 min at
72°C followed by final
extension of 10 mins at
72°C

Initial denaturation of 3
mins at 94°C followed by 35
cycles of 1 min at 94°C, 1
min at 52°C and 1 min at
72°C followed by final
extension of 10 mins at
72°C.

TABLE 3
Results of Acinetobacter isolates identified (N=sample size)
Location/
Species
A. calcoaceticus
A. haemolyticus
Total

Alice (N=50)
No (%)
32 (41.0)
32

Fort Beaufort(N=50)
No (%)
46 (59.0)
8 (100)
54
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Total
78
8
86

size
(bp)
957

415

701
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the remaining 15% were Acinetobacter
haemolyticus (Table 3).
Very high resistance were observed to
penicillin G (100 %), nitrofurantoin (90 %),
ceftriaxone (44.4%), erythromycin (20 %),
imipenem (20 %), meropenem (10%). Similarly, 9
isolates were resistant to oxytetracycline, out of
which 8 were intermediate in response to
minocycline (Table 4). All the bacterial isolates
showed high level MAR index (>0.2) ranging from
0.22-0.67 (Figure 1).

RESULTS
After identification API and PCR primers in
Tab 1), eighty-six Acinetobacter isolates were
further assessed. All isolates from Alice town
samples
belonged
to
the
Acinetobacter
calcoaceticus complex, which in turn formed 41 %
of the total Acinetobacter isolates in this study.
About 85 % (59 % of total) of the Fort Beaufort
isolates were Acinetobacter calcoaceticus, while

TABLE 4
Antibiogram Characteristics of the Acinetobacter isolates (N=86)
Antibiotics
Penicillin G
Ceftriazone
Meropenem
Imipenem
Nalidixic Acid
Ciprofloxacin
Ofloxacin
Levofloxacin
Erythromycin
Chloramphenicol
Augmentin
Nitrofurantoin
Cotrimoxazole
Minocycline
Oxytetracycline.

S (%)
0
56.6
80
70
85
100
100
100
50
80
70
10
80
91
90

I (%)
0
0
10
10
5
0
0
0
20
10
0
0
0
9
0

R (%)
100
44.4
10
20
10
0
0
0
30
10
30
90
20
0
10

WĞƌĐĞŶƚĂŐĞ

Ϭ͕ϮϮ
Ϭ͕ϯϯ
Ϭ͕ϰϰ
Ϭ͕ϱ
Ϭ͕ϱϲ
Ϭ͕ϲϳ
DƵůƚŝƉůĞŶƚŝďŝŽƚŝĐZĞƐŝƐƚĂŶĐĞ/ŶĚĞǆ

FIGURE 1
Multiple Antibiotic Resistant Index and the corresponding percentage of Acinetobacter Isolates
TABLE 5
Occurrence of tetracycline resistance genes in the phenotypically resistant isolates.
S/N

1
2
3
4
5

Tetracycline Resistance Genes
(from resistant isolates to oxytetracycline + intermeditate
resistant isolates to minocycline)
TetA
TetB
TetH
TetM
Tet39

ey: - (absent); + (present).
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Detection of genes

_
+
_
_
+

Percentage
of
the
resistant isolates with genes
0
66.7
0
0
44.4
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Acinetobacter species [26]. Tet39 positive
Acinetobacter isolates has earlier been reported
from water samples and is usually spread by
horizontal transmission of plasmids [27], while
TetB has been reported from clinical isolates of A.
baumannii [28]. TetB genes are specifically
important in conferring resistance to tetracycline
and minocycline [11]. The tet gene mobility
depends on where they reside, for example Tet
efflux genes of some Gram-negative reside on
transposons that are inserted into plasmids
originated from mostly conjugative incompatibility
groups [27].
These identified determinants are not only of
concern in the Acinetobacter. Their gene transfer by
any method to other bacteria are of great concern to
human health. This emphasizes the need to adhere
to strict rules of personal and general hygiene to
reduce the risk of opportunistic infection by such
difficult to control bacteria [9]. Cases of
Acinetobacter infection have been traced to
environment due to poor hygiene, especially hand
hygiene.
The results of this study showed that the
commensal Acinetobacter species present in the soil
and water environment of Nkonkobe municipality,
South Africa, were resistant to many conventional
antibiotics. High MAR index and production of
extended spectrum beta lactamase suggest their
sources to be of potential threat to public health
while the presence of tetracycline resistance genes
and the blaCTX-M-1 genes among the bacteria showed
them as reservoirs for resistance genes transferable
to other bacteria in the environment.

The tetracycline resistance genes were all
assessed on genomic DNA, where six isolates were
positive to TetB. The observed phenotypic
expression reveals that 66.7 % (55/81) were
positive for the gene. Similarly, the presence of
recently described novel tetracycline genes, Tet39
in 44.4 % (26/81) of the phenotypically resistant
was observed (Table 5). Also, 12 of the isolates
showed phenotypic extended spectrum betalactamases (ESBLs) activity. When the 12
phenotypic ESBLs positive isolates were assessed,
three were positive for blaCTX-M-1 genes, while none
was positive for blaVEB-1 gene. No difference was
observed between the resistance in soil isolates and
water isolates.

DISCUSSION AND CONCLUSIONS
Acinetobacter baumannii and Acinetobacter
haemolyticus have been implicated in nosocomial
infection [2] DQG KDYH EHHQ QLFNQDPHG ³*UDPQHJDWLYH056$´>@7KHZLGHUDQJHRIUHVLVWDQFH
as demonstrated in this study and elsewhere is a
cause for concern. The high incidence of resistance
WR ȕ-lactam antibiotics (Table 5) from
environmental samples corroborates with findings
from the hospital environment [19]. High
susceptibility of 91 % to minocycline by the
isolates is justified because it has been reported as
an effective alternative against strains resistant to
doxycycline, tetracycline and imipenem [20, 21].
This is further corroborated by Bishburg and
Bishburg [51] who reported that Acinetobacter
baumanni exhibited 86.9% susceptibility to
minocycline and 81% susceptibility to imipenem.
The resistance of the Acinetobacter species to
WKHȕ-lactam antibiotics used in this study, including
the cephalosporins and the carbapenems, might be
due to the presence of Extended Spectrum BetaLactamase (ESBLs). Some blaCTX-M alleles are of
special concern when their distribution in various
geographical regions is considered. CTX-M-2 for
instance is found in many places like Argentina in
South America and Japan in Asia [23]. In most of
these places, there were concomitant reports of
fluoroquinolone resistance [24]. However, in this
study, high fluoroquinolone susceptibility by the
Acinetobacter isolates including the ESBLs
producers
were
observed.
This
makes
fluoroquinolone a drug of choice in clinical
situations involving these isolates. An MAR index
> 0.2 implies that isolates are from high-risk
sources [25] which was the case in this study,
probably from the wastewater leading to high
antibiotic resistance selective pressure [25].
The observed isolates with TetB and Tet39
justify the resistance observed. he TetB gene and
Tet39 gene code for resistance to tetracycline and
its derivatives have been demonstrated in
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EFFECTS OF TRAFFIC BASED POLLUTION ON
NITROGEN USE PROFICIENCY, CARBON CONTENT AND
LITTER C:N RATIO IN PRUNUS PERSICA (L.) BATSCH
(PEACH) LEAVES
Neslihan Karavin1*, Cengiz Yildirim2, Arzu Cansaran2
1

Amasya University, Faculty of Arts and Science, Department of Biology, Amasya-Turkey,
2
Amasya University, Education Faculty, Amasya- Turkey

N is the major essential element for plant
growth and one of the most limiting elements to
primary productivity in terrestrial ecosystems [3].
In order not to be over dependent to the nutrients in
soil, plants should efficiently use nutrients. By
means of resorption, reabsorption of nutrients from
senescent leaves to durable tissues; plants can reuse
nutrients and reduce the nutrient loss by litter [4].
Leaf resorption is calculated by nutrient efficiency
or proficiency. Nutrient efficiency expressed as the
percentage reduction of nutrients between green
and senesced leaves [5]. Nutrient proficiency may
be defined as residual nutrient amount in senescent
leaves. Killingbeck [6] indicated that nutrient
proficiency is more useful than nutrient efficiency
because it is not dependent to temporal variation
and sampling date [7].
In the current study, the effects of trafficbased pollution on N use proficiency in P. persica
aimed to determine in Amasya, Central Black Sea
Region, Turkey. Amasya is a famous city with its
fruits such as apple, peach and cherry. Fruit
growing is very common and these crops may be
imported to other countries. P. persica is more
economically important tree species in the Amasya.
There is only one study [8], examined the
effect of Pb on nutrient resorption, directly related
with the current study. It is hoped that this study
may provide important information for future
studies on agriculture and ecology.

ABSTRACT
Traffic based pollution negatively affects
plants and causes damages in structure and
physiological processes. From this point of view, it
was aimed to examine the effects of traffic based
pollution on nitrogen use proficiency, carbon
content and litter C:N ratio in Prunus persica (L.)
Batsch (peach) leaves. For this purpose, senescent
P. persica leaves were collected in 0-100-200-300400 m distance from the highway. N and C
concentrations were determined, C:N ratios were
calculated for both washed and unwashed leaves
according to distance. Significant differences were
found in element concentrations among sampling
localities from 0 to 400 m. However, N
FRQFHQWUDWLRQV GLGQ¶W LQFUHDVH RU decrease in
relation to distance from the road in proportion. C
concentrations increased as long as becoming
distant from the road. It is clear that traffic based
pollution was effective on C accumulation in leaves
in P. persica. Minimum N concentration and C:N
ratio were determined in 100 m. This may be
because of particle movement from 0 to 100 m due
to the wind effect of vehicles. Strong negative
relationships were found between N concentrations
and C:N ratios.
KEYWORDS:
Carbon, C:N ratio, nitrogen, nutrient use proficiency,
Prunus persica, resorption, traffic based pollution

MATERIALS AND METHOD
INTRODUCTION
The study area was a peach field near the
Amasya-Suluova highway in Central Black Sea
Region, Turkey. The highway links Middle East to
northern countries. Hgvs used in transport are very
common and range on highway, because of this
traffic pollution is inevitable. The locality of the
study area is important because various fruit
growing is in progress through the highway,
especially peach. The study material was senescent
peach leaves. The leaf samples were collected in 0-

Traffic based pollution is one of the mean
problems in urban areas. It may be effective
directly by respiration and contacting the air and
indirectly by nutrition, and causes damages in
organisms. Because the fields near the roadsides are
exposed to exhaust gases, traffic pollution affects
yield and crop quality. High concentrations of
heavy metals lead to decrease in crops, deformity in
organs, defect in physiological processes [1, 2].
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TABLE 1
Mean N, P and K concentrations of washed and unwashed P. persica leaves according to the distance.
Leaf

Washed leaves
Unwashed leaves
0
41.004 ± 1.005 Aa
39.800 ± 0.443 Ba
100
41.904 ± 0.320 Aa
40.536 ± 0.502 Ba
200
42.380 ± 0.661 Aa
41.168 ± 0.324 Ba
C%
300
42.328 ± 0.456 Aa
41.484 ± 0.620 Ba
400
41.920 ± 1.273 Aa
44.035 ± 2.126 Ab
F
2.251
11.812
P
0.100
0.000
0
1.311 ± 0.082 Aa
1.138 ± 0.156 Aa
100
1.025 ± 0.026 Ab
0.755 ± 0.036 Bb
N%
200
1.225 ± 0.069 Aa
1.178 ± 0.026 Aa
300
1.470 ± 0.027 Ac
1.187 ± 0.116 Ba
400
1.189 ± 0.114 Aa
1.273 ± 0.050 Aa
F
25.879
24.323
P
0.000
0.000
0
31.346 ± 1.341 Aab
35.547 ±5.145 Aa
100
40.889 ± 1.209 Ad
53.760 ± 2.687 Bb
200
34.668 ± 1.772 Abc
34.955 ± 0.837 Aa
C:N %
300
28.792 ± 0.463 Aa
35.190 ±3.176 Ba
400
35.544 ± 4.015 Ac
34.635 ± 1.886 Aa
F
23.135
36.374
P
0.000
0.000
* Big letters indicate differences in means between washed and unwashed leaves.
Small letters indicate differences in means among distance.
100-200-300-400 m distances from the highway. In
each distance, five individual trees were selected
and senescent leaves were collected as freshly
fallen leaf litters under the trees in November. High
numbers of leaf samples were collected to represent
the variations and minimize the error.
The undamaged leaf samples were selected
and half of them were washed with at first tap water
than distilled water and, others ZHUHQ¶W washed in
order to determine the amount of deposits on the
leaf surface. Then, leaf samples were put into
drying oven and dried at 70 °C. Dry leaf samples
were milled and put into plastic bags until analyze.
The N concentrations were determined by standard
Kjeldahl method. C analyses were carried out by
using dry compostion method.
The statistical analyses were done by using
SPSS (Version 20). The Tukey post-hoc test was
used to test for differences when the ANOVA was
significant at the 0.05 level of probability. The
effects of traffic based pollution on nutrient use
proficiency, C content and C:N ratio in P. persica
were tested by one way analysis of variance
(ANOVA). Differences between washed and
unwashed leaves were analysed by independent
sample T-test. Relationships between elements
were determined by Pearson correlation.

P
0.040
0.001
0.006
0.040
0.093

2.202
13.710
1.420
5.342
-1.500

0.059
0.000
0.193
0.001
0.172

-1.767
-9.767
-0.328
-4.458
0.458

0.143
0.000
0.752
0.002
0.659

RESULTS AND DISCUSSION
Mean C, N and C:N concentrations, standard
deviations and differences between means were
indicated in Table 1. In the previous studies, N
concentrations in P. persica leaves were reported as
3.04-3.84 % by Sanz et al. [9], 2.35-2.62 % by
Blanco et al. [10] and 2.6-2.8 % by Zarrouk et al. in
growth period. [11]. Additionally, C concentrations
were determined as 45.3 % for P. persica leaves
[12]. N concentrations mentioned above were
determined in green leaves. In comparison with
results of the current study, N concentrations of P.
persica leaves reported by the previous studies
were high. This situation may indicates that about
50 % of the N was withdrawn from the senescent
leaves. It is known that although it varies by plant
species, about 50 % of N in senescent leaves is
resorbed [13].
On the basis of traffic pollution, there were
significant differences in element concentrations
among sampling localities from 0 to 400. However,
1 FRQFHQWUDWLRQV GLGQ¶W LQFUHDVH RU decrease in
relation to distance from the road in proportion.
However, C concentrations increased as long as
becoming distant from the road. It is clear that
traffic based pollution was effective on C
accumulation of leaves in P. persica.
It was suggested that C quality of leaf litter is
closely related with litter decomposition than other
features such as nutrient concentrations, and high C
content leads to fast decomposition [14, 15]. In P.
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leaf surface. This may causes reduction in
percentage of elements in the leaf mass.
Minimum N concentrations were found in
both washed and unwashed leaves collected from
the 100 m from the highway. Less element
concentrations indicate that elements were used
more proficiently. Nutrient use proficiency
indicates residual nutrient amount in senescent
leaves. Thus, N proficiency values were N
concentrations in senescent leaves. N use
proficiency was ranged from 1.025 % to 1.470 % in
washed leaves and from 0.755 % to 1.273 % in
unwashed leaves. Yuan et al. [18] reported the
average N content in senescent leaves as 11.5 mg g1
. In the previous studies, N use proficiency was
reported as 10.21 mg g-1 for deciduous trees and
shrubs [13], 12.6 mg g-1 for Prunus armeniaca and
10.3 mg g-1 for Prunus padus [18]. In addition,
Tagliavini et al. [19] reported the amounts of N
withdrawn from senescent leaves of P. persica var.
nectarina as 594 mg N tree-1 for low-N trees and
700 mg N tree-1 for high-N trees. For N, most
proficiently usages were found in 100 m both in
washed and unwashed leaves. This may be because
of particle movement from 0 to 100 m due to the
wind effect of vehicles. High N proficiency enables
plants to reduce N loss by abscission and reusage of
N in next leaf development. Thus, N use
proficiency is important for less dependence of
plants to new resources and determination of litter
quality.

persica leaves nearly half of the leaf dry mass was
C. It may be indicates that rapid decomposition
may be discussed for P. persica leaf litter.
Significant differences were determined in N
and C concentrations between washed and
unwashed leaves. N and C concentrations usually
tend to decrease in unwashed leaves against washed
leaves. It was thought that this was caused by
amount of material deposited on the leaf surface.
However, in remote areas from the highway (i.e.
400 m), concentrations of N and C in unwashed
leaves were higher than washed leaves. The reason
may be the lack of deposited material on leaf
surface due to being away from the road.
In nutrient proficiency studies, washing
procedure is not required for leaves. Differences
between washed and unwashed leaves in element
concentrations
indicate
deposited
material.
Deposition of aerial materials may cause mistake in
calculation of nutrient concentrations. In order to
assess differences resulted from deposition, both
washed and unwashed leaves were examined.
However, washing procedure may causes
nutrient loss. Ward et al. [16] told that element
contents of washed plants decreased about 10 to
30% in comparison with unwashed plants [17]. In
contrast, element concentrations of washed leaves
generally tended to increase in the current study.
Element concentrations were low in unwashed
leaves by the reason of the fact that accumulation of
other non-examined materials or elements on the

TABLE 2
Relationships between elements
Washed Leaves

Unwashed Leaves
0m
N
C
C:N
N
C
C:N
**
N
1
0.857 -0.961 1
-0.465 -0.996**
C
0.857 1
-0.683 -0.465 1
0.518
100 m
N
1
-0.591 -0.975** 1
0.012 -0.963**
C
-0.591 1
0.756 0.012 1
0.257
200 m
N
1
0.460 -0.966** 1
-0.107 -0.945*
C
0.460 1
-0.217 -0.107 1
0.426
300 m
N
1
0.483 -0.809 1
0.132 -0.975**
C
0.483 1
0.124 0.132 1
0.084
400 m
N
1
-0.617 -0.976** 1
0.185 -0.543
C
-0.617 1
0.758 0.185 1
0.725
*
Correlation is significant at the 0.05 level
**
Correlation is significant at the 0.01 level
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[2] Asri, F.Ö. and Sönmez, S. (2006). The
effects of heavy metal oxidation on plant
metabolism. Derim 23(2), 36-45.
[3] Chapin, F.S. III (1980). The mineral nutrition of
wild plants. Annual Review of Ecology and
Systematics 11, 233-260.
[4] Distel, R.A., Moretto, A.S. and Didone, G.
(2003). Nutrient resorption from senescing
leaves in two Stipa species native to central
Argentina. Austral Ecology 28, 210±215.
[5] [emminga, M.A., Marba, N. and Stapel, J.
(1999). Leaf nutrient resorption, leaf lifespan
and the retention of nutrients in seagrass
systems. Aquatic Botany 65(1), 141-158.
[6] Killingbeck, K.T., (1996). Nutrients in
senecensed leaves: Keys to the search for
potential resorption and resorption proficiency.
Ecology 77(6), 1716-1727.
[7] Kobe, R.K., Lepczyk, C.A. and Iyer, M. (2005).
Resorption HIILFLHQF\GHFUHDVHVZLWKÕQFUHDVLQJ
green leaf nutrients in a global data set.
Ecology 86, 2780-2792.
[8] Killingbeck, K.T. (2008). Can zinc influence
nutrient resorption? A test with the droughtdeciduous desert shrub Fouquieria splendens
(ocotillo). Plant and Soil 304(1-2), 145-155.
[9] Sanz, M., Heras, L. and Montañés, L. (1991).
Foliar diagnosis in peach tree: reference
nutrient contents throughout the season. Anales
de la Estacion Experimental de Aula Dei
(Espana). 20(3-4), 67-73
[10] Blanco, A., Monge, E. and Val, J. (2002).
Effects of paclobutrazol and crop-load on
mineral element concentration in different
RUJDQV RI ³&DWKHULQH´ SHDFK WUHHV Journal of
plant nutrition 25(8), 1667-1683.
[11] Zarrouk, O., Gogorcena, Y., Gómez-Aparisi,
J., Betrán, J.A. and Moreno, M.A. (2005).
Influence of almond x peach hybrids rootstocks
on flower and leaf mineral concentration, yield
and vigour of two peach cultivars. Scientia
Horticulturae 106(4), 502-514.
[12] Grossman, Y.L. and DeJong, T.M. (1994).
Peach: a simulation model of reproductive and
vegetative growth in peach trees. Tree
Physiology 14(4), 329-345.
[13] Aerts, R. (1996). Nutrient resorption from
senescing leaves of perennials: are there
general patterns? Journal of Ecology 84, 597608.
[14] Vivanco, L. and Austin, A.T. (2008). Tree
species
identity
alters
forest
litter
decomposition through longǦterm plant and soil
interactions in Patagonia, Argentina. Journal of
Ecology 96(4), 727-736.
[15] Limpens, J. and Berendse, F. (2003). How
litter quality affects mass loss from
decomposing Sphagnum. Oikos 103, 537-547.

C and N are essential for plants to perform
fundamental cellular activities, so proportions of C
and N in plant tissues are important for plant
growth [20]. Similar with N concentrations, C:N
UDWLR GLGQ¶W vary in relation to distance from the
road in proportion. The minimum C:N ratio was
determined in 100 m in keeping with N content.
C:N ratio is important for decomposing litter
because decomposer organisms need C in order to
produce energy and N for protein synthesis.
Proportion between C and N specifies
decomposition rate and products. C:N ratio of
nearly 30-35 is the most useful degree. In this
context, results of the current study indicated that
C:N ratio is useful for decomposer organisms and
leaf litter quality of P. persica is considerably good
(Table 1).
According to correlation analyses, there were
strong negative relationships between N and C:N
ratios (Table 2). This means that the determinant
factor for C:N ratio is N concentration in P. persica
leaves.

CONCLUSIONS
One of the most important problems is traffic
pollution in such ecosystems especially in
agricultural fields and determination of effects of
traffic based pollution is required for both fitness of
organisms and sustainability of ecosystems. With
this conscious, the effects of traffic based pollution
on nitrogen use proficiency, carbon content and
litter C:N ratio in P. persica leaves were examined.
According to the results, traffic based pollution
affected the nitrogen use proficiency, carbon
content and litter C:N ratio. N concentrations and
&1 UDWLR GLGQ¶W vary in relation to distance from
the road in proportion. This may be because of
particle movement from 0 to 100 m due to the wind
effect of vehicles or unknown other factors. In
order to clarify the effects, more large-scale studies
are required.
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ASSESSMENT THE IMPACTS OF LAND SURFACE
CHANGE ON THE HYDROLOGICAL PROCESS BASED ON
SIMILAR HYDRO-METEOROLOGICAL CONDITIONS
WITH SWAT
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2

Furthermore, process models are powerful tools,
but the settings of parameters values are tough. It
was often assumed that there are no or few impacts
of human activities that induce abrupt change.
Much of the recent research on extreme of runoff is
based on comparative [4-6] and modeling results
[7]. Zhang et al. [8] investigated the impact of
climate change and land surface change in the
Huifa river basin using SWAT modeling. While
these methods have suffered from several potential
problems, there are large differences in the theory
and parameters between these methods. To
understand the impact of climate change and land
surface change on the extreme of runoff and to
decrease the uncertainty in the selection of model
parameters and increase the efficiency of the model,
we must choose the historical time period, where
the climate and precipitation conditions are similar.
A new method is introduced to estimate the impact
of human activities on the extreme of runoff under
the similar weather conditions [9, 10]. These are
two or more periods with similar precipitation and
evapotranspiration but different runoff. The
objectives of this study are to assess the impact of
land surface change on hydrological responses
employing the similar hydro-meteorological
condition method with SWAT modeling approach.

ABSTRACT
The impacts of land surface changes on the
hydrological responses for Dongwan Basin, China,
have been examined with the soil and water
assessment tool (SWAT), which is calibrated and
validated for the pre-change period 1961-1985, and
then used to reconstruct the runoff without
considering land surface changes from 1986-2011.
The results indicate that both land surface change
and climate decrease runoff 45.08% and 54.92%
respectively. Modeling results improve the
understanding the similar hydro-meteorological
condition method. We found seven pair period for
1-year interval and six set of paired period for an
interval of 3-years. The impacts of land surface
changes varied in paired years, matched the results
of the pre-change period and post-change period,
and land use change analysis. The similar hydrometeorological conditions could be applied
combining with traditional methods in hydrological
research at different time scale.
KEYWORDS:
SWAT model; Land surface change; Hydro metrological
conditions; Hydrological process

INTRODUCTION
MATERIALS AND METHODS
The response of river hydrology to land
surface change is a vital role in hydrological
sciences, water resource management, and
watershed system. However, it has proven
problematic to achieve a thorough understanding of
nonlinear mechanisms of any distinct hydroclimatic process [1] with current methodological
approaches remaining unresolved and requiring
further exploration [2], even before considering the
added complexity provided by the impacts of
human activities. Zhang et al. [3] pointed out that
land use and land cover changes contributed to 50%
of the reduction in runoff in 8 out of 11 catchments.

Study area. Dongwan catchment is one of the
sub-catchment of Yellow River. The runoff gauge
used in this study is located at the outlet of
Dongwan catchment and has a drainage area 2856
km2 (Figure 1). Dongwan catchment lies between
longitude 111o to 112o E and latitude 33.5o to 34.5o
N. It has a mean annual precipitation 765.43mm.
The precipitation is highly variable in space and
time. Precipitation mainly occurs in summer and
autumn. Annual runoff variations with the seasons,
June to September flood time and October to May
are the dry season. About 63% of the precipitation
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FIGURE 1
Location of the Dongwan Basin, China
Chinese Academy of Sciences (RESDC):
(http//www.resdc.cn). The daily climate dataset
prepared for SWAT model setup include eight
stations and meteorological data from one station
near the study area over the period of 1961-2011.
Daily precipitation and streamflow data from 1961
to 2011 at the Yihe river basin were collected from
the Yellow River Conservancy Commission. Daily
meteorological data were obtained from China
Meteorological Data Sharing Service System,
which contains maximum and minimum
temperature, solar radiation, humidity and wind
speed data. The missing precipitation data were
filled in using of Weather Generator in the SWAT
model. The outlet streamflow gauge data was used
to model calibration and validation.

falls during the rainy months of July to September.
Recent 50 years, under the population increasing,
many projects, such as soil and water conservation,
afforestation and vegetation restoration and
construction of a small reservoir for irrigation
purpose have been constructed. In recent years,
large-scale tourism projects have been implemented
in the upstream reaches of the study basin.
Data. Data used in this study include a 90 by
90 m DEM (Digital Elevation Model), LUCC
(1:100,000) and soil type (1:00,000). The DEM
data was obtained from the global topography
database. Soil data is provided by an institute of soil
sciences Chinese Academy of Sciences. Land use
data used in this study are obtained from Data
Center for Resources and Environmental Sciences,

TABLE 1
Statistics for runoff, precipitation and potential evapotranspiration for the Dongwan Basin (1961-2011).

Mean
Range
Minimum(year)
Maximum(year)
CV

Runoff
(mm)
219.14
579.35
83.26(1999)
662.62(1964)
0.53

Precipitation
(mm)
765.43
696.97
532.57(1986)
1229.54(1964)
0.19
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ETo
(mm)
1000.26
505.09
795.73(1989)
1300.82(1977)
0.09

Runoff Co-efficient
0.27
0.41
0.13(1999)
0.54(1964)
0.34
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periods; the first one represents the natural period
with significant land surface change impact and the
second one represents runoff change period
connected with significant land surface change. In
the first step, the model was calibrated to match
annual and monthly runoff for the period 19641975. Next, the runoff for 1976-1985 was used for
validation analysis. The model simulation
performance is assessed in addition to Nash-Sutcliff
co-efficient (Ens) [16] and co-efficient of
determination R2 and Ens defined as:

Breakpoint analysis. The Pettit¶s test [11] is
one of the most important non-parametric statistical
indicators widely applied to detect the abrupt
changes in hydrological responses to climate
change and land surface change. The test statistics
of Pettit method can be calculated from the
following formula
௧



ܷ௧ǡ ൌ    ݊݃ݏ൫ݔ௧ െ ݔ ൯݂݅ ݐൌ ʹǡ ǥ ǥ Ǥ ݊ሺ͵ሻ
ୀଵ ୀଵ

Where the sgn function is similar to MK test. The
change point is defined to be when |U t, n| reaches its
maximum value, Kn = max |Ut,n|. The significance
level associated with maximum value Kn is
estimated approximately by:

(QV 
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where i is the time step; n = a total number of
simulated time steps; obsi and simi are the observed
and simulated runoff respectively, and obsmy is
mean of observation for the simulated time period.
The range for Ens is 0-1, and the larger the Ens the
better is simulation results. The natural runoff
during the change stage is simulated by changing
only metrological input without changing the
calibrated model parameters. By comparing
simulated runoff with observed runoff, runoff
change by land surface change is possible to be
determined.

െሺܭ ሻଶ
 ൌ  ቆ ଷ
ቇሺͶሻ
݊  ݊ଶ

5H

Modeling Process. The Soil and Water
Assessment Tool (SWAT), which is a watershed
scale, physical based hydrological model developed
to the impact of land surface changes on
hydrological responses of complex watersheds with
heterogeneous soils and land use conditions was
applied in this study. The SWAT simulated
hydrological cycle was founded on the following
water balance equation [12]:
ܹܵ௧  ൌ  ܹܵ  σ௧ୀଵሺܴௗ௬ െܳ௦௨ െ ܧ െ
ܹ௦ െ ܳ௪ ሻ ǥ ǥ ǥ Ǥ Ǥ ሺͷሻ

Similar hydro-meteorological conditions
analysis.Precipitation
(P)
and
potential
evapotranspiration (ET) conditions are the most
active meteorological factors in the study area for
the hydrological process. Paired periods with
similar hydro-meteorological conditions were
selected to simplify the analysis. To define the
water balance of paired period of the catchment
with similar hydro-meteorological conditions
(SHMC) the following assumptions were applied (1)
the paired year should have annual precipitation
that difference less than 2% (2) the potential
evapotranspiration should difference by less than 2%
(3) Two years should be separated more than five
years (4) the monthly distribution of paired years
should be similar.
In Figure 2, W and X denote values of
precipitation (P) and evapotranspiration (ET) of PPs
(paired period) that are very similar respectively.
While Y and Z denote the process of monthly
precipitation and evapotranspiration of PPs. the
overlapping denotes the PPs with similar values,
and hydrological process and S is final PPs. The
SHMC set is established on observed data and
thresholds the relative cross region (S¶) comprising
(S), resulting in more effective.

where SWt is the final soil water content (mm
H2O); SWo is the initial soil water content on the
day i ; t is the time (days); Rday is the amount of
precipitation on day i (mm H2O); Qsurf is the
amount of precipitation on day i (mm H2O); Ea is
the amount of evapotranspiration on day i (mm
H2O); Wseep is the amount of water entering the
vadose zone from the soil profile on day i (mm H2O)
and Qgw is the amount of return flow on day i (mm
H2O).
The Hargreaves method [13] was chosen to
estimate evaporation from bare soil and
evapotranspiration (ET) in the study. SWAT
provides the water routing methods; Muskingum
method was selected in this research. As there are
many studies involving the SWAT model, an
additional detail of all the components in SWAT
can be documented in the literature [14, 15].
In this study, impacts of land surface change
on the runoff change comprising water
consumption increasing, agriculture development
and industrial development. In order to estimate the
impact of land surface change on the hydrological
process, a method of reconstructing natural runoff
was applied. The study period of 1961-2011 at
Dongwan station outlet was first divided into two
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FIGURE 2
The framework of similar hydro-meteorological conditions and process

LULC Change Analysis. The areas of each
classification of the maps are computed by the
geographic information system to determine the
land use change process in the study area. LULC
maps were used to show changes in LULC, and
thus human activities in the catchment, for the
study period.

point representing the impact of precipitation and
land surface change on runoff. The greatest decline
in runoff is identified in flood seasons (July, august,
and September) (Figure 4). The slightly increasing
precipitation and consistent largely decreased
runoff happens in July (Figure 3). The reduction in
runoff during 1986-2011 might be due to land
surface change. Similar findings were also
identified in some previous studies [17, 18]. Figure
5 shows a correlation comparison of precipitation
and runoff for the two periods. The correlation
between precipitation and runoff for the pre-change
period (R= 0.84) is stronger than that for land
surface change period (R= 0.78). This again
indicates that runoff should be affected by the land
surface change in this region after 1985. Gao et al.
[19] identified the change point in 1985 in middle
reaches of the Yellow river.

RESULTS

Precipitation(mm)

Change point analysis. The change point in
1985 has only been identified in runoff series.
Figure 6 presents the double cumulative curve is a
nearly straight line but with different gradient
before and after 1985, which may indicate that the
process of runoff production change. Hence,
combining the results of the change point test and
double cumulative curve, 1985 could be the change
180
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FIGURE 3
Monthly precipitation for the pre-change period and post-change period
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FIGURE 4
Monthly runoff for the pre-change period and post-change period
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FIGURE 5
Correlation between precipitation and runoff for pre-change period and post-change period
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FIGURE 6
Double mass curve of annual precipitation and runoff
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FIGURE 7
Calibration and validation model results of Dongwan Basin
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FIGURE 8
Observed and reconstructed runoff in the Dongwan basin

SWAT Model. Figure (7) presented the
evaluation of the simulated and observed monthly
flow for both calibration (1964-1975) and
validation (1976-1985) phases. For the calibration
period, Ens [20] are all greater than 80%, the
coefficient of determination (R2) [21] are 0.91 at
annual scale. Ens is 0.89 at Dongwan station on
annual scale respectively. The model was then
validated during the period 1975-1985 at Dongwan
station, yielding Ens and R2value are all greater than
80% at monthly scale. The model performance for
the monthly runoff was not as good as annual,
based on the criteria given by [22]. It is, therefore,
reliable to extend the simulation for a longer period
reconstruct of natural runoff during the post-change
period. Comparison of the observed and
reconstructed annual natural runoff was increasing,
as time went on (Figure 8). The impact of land
surface and climate change is 45.08% and 54.92%
respectively. The runoff decline due to land surface
change and climate but recently land surface
change impact on runoff is increasing in the recent
period [23]. Similar results also found in other
studies [8]. Bao et al. [24] investigated that impact
of climate and land surface changes decreased the
runoff of the Haihe river basin.

Impact of Land surface change on Runoff
within paired period. The seven pair of single
years based on similar hydro-meteorological
conditions (Table 3) range from 1963 to the 2008s,
and the number of years of difference between each
pair varies from 6 to 32. The difference in
precipitation and ETo ranged between -2.9-9.3 mm
and -18.41-11.98 mm from the absolute value of the
paired years. The process of selecting paired years
(e.g. Pair 6) which had a single distinct peak of
precipitation in July of both years (Figure 9A).
Monthly ETo was significant, suggesting that
distribution of ETo is not a sensitive factor in
selecting of paired years. The difference of runoff
between the paired years ranged within -34.83160.49 mm. The impact of land surface change can
be distinguished when comparing the difference in
runoff between paired years. Runoff of Year-2 in
Pairs 3, 6 and 7 were 28.5, 34.8 and 18.1 mm less
than Year-1, representing declines of 21.4%, 21.9%,
and 9.9 % respectively. Runoff for Year-2 in Pair 1,
2, 4 and 5 increased by 9% (24.7 mm), 15% (16.6
mm) and 100 % (160.49 mm) compared to Year-1,
respectively. Results also show that land surface
changes can be estimated if we combine the paired
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TABLE 2
Runoff changes within paired years (1-year)
Parameter
Year 1
Year2
Year 1
Year2
Differ.
(%)
Year 1
Year2
Differ.
(%)
Year 1
Year2
Differ.
(%)

Annual P

Annual ET

Annual R

1
1963
1982
812.76
809.87
-2.89
-0.36
993.39
1002.63
9.24
0.93
263.97
288.63
24.66
9.34

2
1966
1995
595.74
601.84
6.10
1.02
1173.25
1156.21
-17.04
-1.45
110.59
127.20
16.60
15.01

3
1974
2002
703.84
704.61
0.77
0.11
1045.43
1057.41
11.98
1.15
132.96
104.50
-28.46
-21.40

4
1974
2006
703.84
702.85
-0.99
-0.14
1045.43
1051.55
6.12
0.59
132.96
138.86
5.89
4.42

5
1979
1985
784.56
787.41
2.85
0.36
976.79
961.71
-15.08
-1.54
159.52
320.02
160.49
100.6

6
1987
2008
742.92
735.53
-7.39
-0.99
1008.87
990.46
-18.41
-1.83
159.38
124.54
-34.83
-21.85

TABLE 3
Runoff changes within paired periods (3-years)
Pair

Year

1

1973-75
2001-03
Difference
(%)
1975-77
1998-2000
Difference
(%)
1977-79
1995-97
Difference
(%)
1979-81
2005-07
Difference
(%)
1980-82
2005-07
Difference
(%)
1983-85
2009-11
Difference
(%)

2

3

4

5

6

Precipitation
(mm)
808.68
793.93
-14.75
-1.86
763.46
776.50
13.04
1.68
680.78
693.10
12.32
1.81
744.94
753.32
8.38
1.11
753.38
753.32
0.06
0.00
929.91
938.64
8.73
0.93
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ETo
(mm)
992.01
1001.92
9.91
0.99
1053.52
1060.24
6.72
0.63
1101.11
1117.39
16.28
1.48
950.94
960.94
10.0
1.05
959.55
960.94
1.39
0.15
890.08
885.89
-4.19
-0.47

Runoff
(mm)
249.85
202.43
-47.42
-18.99
238.71
201.03
-37.68
-15.78
128.42
183.30
54.88
42.73
169.37
213.23
43.86
25.90
212.41
213.23
0.82
0.39
378.24
315.16
-63.08
-16.68

7
1988
2007
699.38
708.72
9.34
1.34
877.14
888.69
11.55
1.32
183.80
165.70
-18.10
-9.85
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TABLE 4
land use change of the Dongwan Basin from 1990 to 2010

Period
1990
1995
2000
2005
2010

Forest
(%)
31.11
32.48
31.10
31.23
31.23

Grass
(%)
17.19
21.83
16.56
17.20
17.31

Water
(%)
1.42
1.72
1.75
1.82
1.82

Agriculture
(%)
45.95
40.55
45.82
44.94
44.21

Others
(%)
0.07
0.32
0.21
0.21
0.17

change data from 1990 to 2010 to further confirm
the applicability of the SHMC method to analyzing
the impact of land surface change on runoff and
compared with SWAT model. After 1990, Land
surface change pointed out in Dongwan basin. The
main land cover types of the study area include
agriculture, forest, urban, water body, grassland and
other types (saline, wetland, barren). The
agriculture land, grassland, and forest land are
predominant land use types in this study area. From
1990 to 2010, there had been land changes in the
basin, such as an increase in urban land, water body
and other types (barren, saline, wetland) of land and
decrease in agriculture land. The area of agriculture
decreased from 45.9% to 44.2%, while other uses
of land increased from 0.07% to 0.17%. From 1990
to 2000, urban land increases from 4.26% to 5.26%.
Meanwhile other use of land type and water body
also increased. During the period of 2000-2010, the
area of urban land increased from 4.57% to 5.26%,
while it was only 4.2% in the period of 1990-2000.
The agriculture land decreased from 45.95% to
45.82% in the first period. Meanwhile urban land
increased by 4.26% to 5.26% in the whole study
period (Fig 10). The land surface change in basin
suggested that agriculture land has decreased in the
21st century, accompanying with the fast
urbanization process and serious desertification.

years in the same decades, e.g. Pair 3 and 4 for the
1970s and 2000s, and Pair 6 and 7 for the 1980s
and 2000s which showed a decline in runoff except
Pair 4.
To investigate the changes over longer periods,
we combine three years period (Figure 9). There
were six sets of paired 3-years periods with similar
hydro-meteorological conditions (Table 4). There
were 3 sets (Pairs 1, 2 and 6) of paired periods
which exhibited that runoff decreased e.g. 16.68
mm less runoff in the period 2009-11 than in 198385 (Figure 9), which can be assigned to land surface
change. There was one set (Pair 5) that show
similar runoff. Mean annual runoff 2001-03 were
less runoff than in 1973-75 (Pair 6) but runoff in the
period 1995-97 was greater than 1977-79 (Pair 3).
Impact of land surface change on runoff
(an example). Land surface change is one of the
most sensitive human factors affecting runoff of the
Dongwan Basin. The forest and grassland are
providing much soil and water conservation
functions [25]. As an example, the land surface
changes in Pair 6 (Table 4) could be explained
through land surface change (Table 5).
Because
precipitation
and
potential
evapotranspiration are similar for paired years, the
impact on runoff can be assigned as secondary to
land surface change. We applied the land surface

method does not use the change points for
hydrological series to divide the study period into
the pre-change period and post-change period. The
technique could avoid the hypothesis of ³no or few
impacts of human activities´ or mainly for intensive
land surface changes that induce abrupt change [26].
If we compare it with the double mass curve to
detect the ³pre-change period´ [27], the advantages
are also clear. We found a good pre-change period
from the double mass curve of precipitation and
runoff of the Dongwan Basin (Figure 6) and to
analyzed its large variation in the study period, but
there were many points and below the regression
line. Furthermore, if we analyzed the change of
relation between accumulative precipitation and
runoff, which showed the strong relation between
precipitation and runoff from the beginning years
that it should be taken as a pre-change period. It
would be tough to judge what period will be the

DISCUSSION AND CONCLUSIONS
In this paper, the model simulation was
compared with the similar weather conditions
analysis to analyze the impact of land surface
change on the extreme of the hydrological process.
There were many difficulties in isolating the
impacts of land surface change on extremes of the
hydrological process. Based on the water balance
equation and physical conditions of watershed, the
difference between paired periods with similar
conditions should be considered as the integrated
impacts of land surface change. In this way, we
confirmed the relative uniformity for precipitation,
which produces the runoff, but also improved the
objectivity and accuracy of the data analysis.
Compared with the modeling method, SHMC
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FIGURE 10
Land surface change of the study area from1990, 2000 and 2010
change declined runoff 54.92% and 45.08% during
the post-change period respectively.
Seven pairs of years were selected ranging
from the 1961-2011 using similar hydrometeorological conditions method. All paired years
identified the runoff decline in these of seven pairs.
The three paired years compared the pre-change
period and post-change period while there are six
sets of paired periods (3-years) showing the same
declining trends for the pre-change period and postchange period. The declining trends in paired
periods (1-year and 3-year) matched the results
estimated in modeling method. Hence, it is
concluded that similar hydro-meteorological
conditions method presented for assessing the
impact of land surface change on hydrological
responses is simple and concise, compared with
modeling method. This approach is feasible in most
areas and could be applied when adequate data is
available.

good baseline period for determining the land
surface change as we found the change point in
hydrological time series in 1985. We identified
different change points with various change point
tests [28, 17].
In general, both of the SHMC and modeling
methods have their own advantages. The SHMC
analysis is comparatively simple with fewer inputs
while modeling can simulate the hydrological
process with higher spatial and temporal resolution.
The climate and land surface change assumed as
two independent variables, which will also
introduce uncertainty because these two factors
interact with each other. Furthermore, more
accurate results could have been obtained by
considering additional similar weather data. If we
have more detailed data such as sub-daily
meteorological data, then it is possible to assess in
more detail.
The impacts of land surface change on runoff
have been examined with SWAT model. The
results direct that rainfall-runoff relationship has
been changed during the flood season and
capability of runoff generation has become decline.
The impact of climate change and land surface
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rapid electron-holes recombination brings about
the poor photodegradation performance of
NiFe2O4. When we focus on not only the
magnetic recovery properties but also the
photocatalytic performance, the modification
(coupling and doping) on NiFe 2O4 is
indispensable.
Wang
etc.
reported
NiFe2O4/MWCNT
and
NiFe2O4-graphene
hybrids with enhanced photocatalytic capacity,
since photo-induced electrons could be easily
transferred from the excited NiFe2O4 to
graphene and MWCNTs [13,14]; Recently,
NiFe2O4/Bi2O3 composites were reported to
degrade 90.78% of tetracycline under visible
light irradiation [15]. The heterostructure
between two materials played a vital role in
redistributing the photoinduced electron-holes
pairs. Besides lanthanide elements such as Nd
was used to substitute Fe in NiFe 2O4, which
narrowed the band gap of NiFe2O4 achieving
high visible light activity [16]. In our last work
g-C3N4/NiFe2O4 composites were prepared for
MB photolysis, and the synergistic interaction
in the composite accelerated the photo-Fenton
reaction [17]. Therefore, high efficient
photocatalyst can be employed to construct the
semiconductor-NiFe2O4 junction for better
photocatalytic activity to realize the adequate
conversion from solar energy to chemical
energy.
In the last decade, BiOBr was found to be
a superior photocatalyst with band gap energy
of ~2.7 eV and the number of pertinent
literatures is increasing day by day [18]. BiOX
(X = Cl, Br, I) family is comprised of a
tetragonal matlockite structure, in which the
repeated layer unites form the open crystalline
structures. According to literatures, lots of
semiconductors have been used to decorate
BiOBr such as Bi2O3 [19], CdS [20], BiPO4
[21], g-C3N4 [22,23] and Bi2WO6 [24], etc.
Recently, a series of magnetically recoverable
core-shell type BiOBr hybrid materials have

ABSTRACT
Designing a semiconductor±semiconductor
junction as photocatalyst to reduce the
recombination efficiency of photogenerated charges
for enhanced photocatalytic activity has become an
effective method. Here, magnetic BiOBr-NiFe2O4
hybrids were prepared by a facile chemisorption
method and characterized by XRD, TEM, XPS and
DRS. BiOBr nanosheet is distributed on NiFe2O4
phase with identical morphology constructing a
firm heterojunction. Compared with the pure
NiFe2O4, 25% BiOBr-NiFe2O4 composite exhibits
excellent photocatalytic performance for RhB
degradation under visible light illumination, which
is owing to the fast separation of electron-hole pairs
in the heterojunction interface. The magnetic
quality of composites can be a great advantage over
other non-magnetic materials for catalyst recycling.
KEYWORDS:
BiOBr-NiFe2O4, heterojunction, photocatalytic
performance, magnetism

INTRODUCTION
Photocatalytic technology, an exceptional
clean technology utilizing solar energy and
photocatalyst to decompose pollutants, produce
hydrogen, synthesize organic transformations,
and reduce CO2 has become a new trend in the
energy and environmental field [1-4]. As a kind
of novel photocatalyst, magnetic materials have
drawn attention of researchers, particularly for
ferrite species (CoFe 2O4, CuFe2O4, NiFe2O4,
ZnFe2O4 and MgFe2O4, etc.) [5-10]. Magnetic
nickel ferrite is capable of producing H 2 from
water with the help of scavenger, but it hardly
exhibits photocatalytic ability for dyes and
chemicals despite a relatively narrow band gap
(1.98 eV) [11,12]. This may be because the
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obtained via a facile solvothermal method [31].
1 mmol of [C16mim]Br were dissolved in 20
mL mannitol solution (0.1 M) under continuous
stirring for 30 min. Afterwards, 1 mmol of
Bi(NO3)3+2O were added into the transparent
solution followed by 30 min of magnetic
stirring. Subsequently, a canary yellow
precipitation appeared rapidly and turned into
white gradually. Finally the white suspension
was transferred into a Teflon-lined autoclave
with a capacity of 20 mL, then sealed and
heated at 140 Ԩ for 24 h. After the autoclave
cooled down at room temperature, the products
were centrifuged and rinsed with distilled water,
ethanol five times respectively. A following
sample drying at 60 Ԩ in air for 12 h was
needed for later use.

been
fabricated:
mesoporous
Fe3O4 @mSiO2 @BiOBr
[25]
and
BiOBr@SiO2 @Fe3O4 [26,27]. The introduction
of SiO2 interlayer can not only improve the
adsorption ability of catalyst but also suppress
the
recombination
of
photogenerated
electron-hole
pairs.
More
importantly,
endowing the BiOBr composites with magnetic
feature can avert waste and secondary pollution
of catalyst. Sohn explored the photocatalytic
performance of CoFe 2O4/BiOX (X=Cl, Br and
I) microflowers for a variety of dyes and a
mixed dye (MO+RhB+MB) under UV and
visible light irradiation [28]. Photocatalysts
exhibited obvious difference in the adsorption
and degradation efficiency of the mixed dye.
The high photocatalytic activity of BiOBr
hybrids may be caused by the matching band
alignment of two materials [29]. So combining
BiOBr with magnetic nickel ferrite to establish
a visible light driven BiOBr-NiFe2O4 composite
can be an innovative idea. Recently Pu etc.
reported NiFe2O4/BiOBr composites with
improving photocatalytic performance [30], and
here we designed BiOBr-NiFe2O4 composites in
a different way and proposed a diverse band
alignment.
In this work, we take advantage of the
wonderful magnetic character of NiFe 2O4 and
the admirable adsorption ability of BiOBr to
construct the recoverable BiOBr-NiFe2O4
composites. During the photocatalytic reaction,
25% BiOBr-NiFe2O4 degrades 89% of RhB in 3
h under visible light illumination benefiting
from the heterostructure between BiOBr and
NiFe2O4. In the section of photocatalytic
activity we discuss the relation of adsorption to
degradation rate. Moreover, h+ and O2 - are
proved the oxidative species by the trapping
experiment, which confirms that the charge
transportation and redistribution on the
heterostructure can enhance the photocatalytic
ability of pure NiFe2O4.

Fabrication
of
BiOBr-NiFe2O4
composites. A simple chemisorption approach
was utilized to fabricate the BiOBr-NiFe2O4
composites. In a typical synthesis of 25%
BiOBr-NiFe2O4, 40 mg of BiOBr powder were
added into a dried beaker containing 20 mL of
absolute ethanol. Then ultrasonic treatment for
10 min and magnetic stirring for 20 min on the
BiOBr mixture were carried out. After that 120
mg of NiFe2O4 powder were added into the
above beaker and stirred magnetically for
another 10 h at room temperature. Lastly the
suspension was placed in a 100 Ԩ drying oven
for 12 h without other operations. 10%
BiOBr-NiFe2O4, 15% BiOBr-NiFe2O4, 20%
BiOBr-NiFe2O4, 25% BiOBr-NiFe2O4, 35%
BiOBr-NiFe2O4 and 50% BiOBr-NiFe2O4
composites were prepared using the same
procedure and the percentage represents the
mass fraction of BiOBr.
Characterization. Transmission electron
microscopy (TEM) micrographs were taken
with a JEOL-JEM-2010 (JEOL, Japan) operated
at 200 kV. XRD patterns of the samples were
collected on the X-ray diffractometer (Bruker
'  ZLWK &X .Į UDGLDWLRQ Ȝ  c  LQ WKH
UDQJH RI ș -80°. The UV-vis diffuse
reflectance spectra (DRS) of the samples were
conducted on a UV-vis spectrophotometer
(UV-2450, Shimadzu Corporation, Japan) using
BaSO4
as
the
reference.
Elemental
compositions were detected by X-ray
photoelectron spectroscopy (XPS) which was
performed on a VG MultiLab 2000 system
XVLQJ WKH 0J .Į UDGLDWLRQ 7KH PDJQHWLF
property of NiFe2O4 and BiOBr/NiFe2O4
composites was measured in a vibrating sample
magnetometer (VSM) (Quantum Design
Corporation, USA) with a maximum applied

EXPERIMENTAL
Material and sample preparation. All
chemicals were analytical grade and used
without further purification. The ionic liquid
[C16mim]Br (1-hexadecyl-3-methylimidazolium
bromide) (99%) was purchased from Shanghai
Chengjie Chemical Co. Ltd. Magnetic NiFe 2O4
was synthesized by the solvothermal route
according to our previous work [17].
Synthesis of BiOBr. BiOBr nanosheet was
3084




© by PSP

Volume 25 ± No. 8/2016, pages 3083-3091

Fresenius Environmental Bulletin

field of ± 2 T at 300 K.

RESULTS AND DISCUSSION

Photocatalytic activity measurement.
The photocatalytic activity of samples was
evaluated by the RhB degradation under visible
light irradiation. Pyrex photocatalytic reactors
containing 30 mg catalyst and 60 mL RhB
solution (10 mg/L) were laid in the
photocatalytic reaction system which consisted
of a 300 W Xe lamp, an air pump, a circulating
ZDWHUV\VWHPWZR89FXWRIIILOWHUV ȜQP 
and two magnetic agitation devices. Before the
Xe lamp was turned on, the mixture of catalyst
and dye was stirred for 30 min to achieve the
absorption-desorption equilibrium. In addition,
the air pump would provide the reaction with
oxygen and help to blend the suspension as well.
During irradiation, the reaction was kept at
30 Ԩ by the circulating water and 4 mL of
suspension were extracted at regular intervals.
Then the sample was tested with a UV-vis
spectrophotometer
(TU-1810,
Persee
Corporation, China) after centrifuge at the
wavelength of 553 nm.

Morphology analysis. As we all known
the morphology always decides the surface
property and the specific area of the catalyst,
which would further influence the separation
and reaction of excited charges. Fig. 1a depicts
two different shapes of pure NiFe 2O4: the
polygon plates (about 100 nm) and the
nanoscale particles (about 8 nm). In Fig. 1b
BiOBr exhibits the stacking irregular and
square nanosheets with the thickness of ~10 nm.
In Fig. 1c and d the thin, stacking and large
square sheets (~150 nm) marked with the red
pattern might belong to BiOBr; The other small
BiOBr sheets are mixed in the NiFe 2O4 group
which seems a whole. Although it can be very
difficult to distinguish between the similar
morphology of BiOBr and NiFe2O4, the
identical sheet morphology might facilitate the
adhering of BiOBr onto NiFe 2O4. During the
uninterrupted magnetically stirring for 10 h the
BiOBr nanosheet and NiFe2O4 phase disperse
adequately in absolute ethanol forming a
homogeneous suspension where BiOBr is
integrated onto the surface of NiFe2O4. Then the
adhesion between two materials becomes much
firmer after the heat

FIGURE 1
TEM images of (a) NiFe2O4, (b) BiOBr, (c), (d) 25% BiOBr-NiFe2O4.
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treatment at 100 Ԩ for 12 h, which can be
proved by the stable photocatalytic activity of
25% BiOBr-NiFe2O4 in the cycling experiment.

photocatalytic
ability.
Obviously,
BiOBr-NiFe2O4 composite exhibits stronger
light absorption in the whole solar spectrum
than pure BiOBr and NiFe2O4, especially in
350-550 nm. It is because the optical property
of composite is not only related to the wide
band gap of BiOBr (high absorption in UV light
region), but also the color of catalyst (brown
NiFe2O4). More importantly, the optical band
gap can be deduced by the position of
absorption edge according to the classic Tauc
approach. The relation between Dhv and Eg
follows the equation (1):
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(Dhv)1/n = A(hv-Eg)


(1)

ZKHUH Į LV WKH DEVRUSWLRQ FRHIILFLHQW Kv is the
energy of incident photons and Ǽg is the band
gap energy of the semiconductor [32]. For
direct band gap semiconductor the value of n is
1/2 and for indirect band gap semiconductor n
is 2. The result suggests that Eg of BiOBr and
NiFe2O4 is 2.77, 1.98 eV respectively which is
in agreement with our previous work [33].
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FIGURE 2
XRD patterns of (a) NiFe2O4, (b) 10%
BiOBr-NiFe2O4, (c) 15% BiOBr-NiFe2O4, (d)
20% BiOBr-NiFe2O4, (e) 25%
BiOBr-NiFe2O4, (f) 35% BiOBr-NiFe2O4 (g)
50% BiOBr-NiFe2O4 (h) BiOBr.
XRD analysis. The XRD patterns of
prepared samples are shown in Fig. 2, i DQG Ƅ
represent crystal planes of BiOBr and NiFe2O4
respectively. The diffraction peaks at 18.4°, 30.3°,
35.7°, 37.3°, 43.3°, 53.8°, 57.3°, 63.0° and 74.5°
can correspond to the (111), (220), (311), (222),
(400), (422), (511), (440) and (533) lattice planes of
NiFe2O4 (JCPDS 54-0964). The lattice planes of
BiOBr (JCPDS 73-2061) are matching with the
reported papers as well, indicating both products
are pure. Furthermore, with the content of BiOBr
increasing, peaks of BiOBr at 10.9°, 31.6°, 32.2°
and 39.3° appear and grow gradually for
BiOBr-NiFe2O4 composites. It is worth noting that
the peaks of BiOBr and NiFe 2O4 around 53.4° and
57.1° stand closely, but no plane shift happens,
which indicates BiOBr just sticks to the surface of
NiFe2O4 instead of doping into the crystal lattice.
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0.8

25% BiOBr-NiFe2O4
BiOBr
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FIGURE 3
UV-vis diffuse reflectance spectra of NiFe2O4,
25% BiOBr-NiFe2O4 and BiOBr;
XPS analysis. Fig. 4 shows the XPS
spectra of 25% BiOBr-NiFe2O4, and the
wide-scan (Fig. 4a) proves the existence of Bi,
O, Br, Ni, Fe and C elements. The binding
energy of Fe 1s is consistent with the reported
work in which the trivalent state of Fe ion is
verified when the satellite peak (718.7 eV) at
8.0 eV above the principal peak (Fe 2p 3/2) is
found [34]. For BiOBr component, peaks at
164.6 and

UV-vis analysis. As shown in Fig. 3, pure
BiOBr exhibits an inconspicuous visible light
absorption with an absorption edge at 400 nm,
which makes the outstanding photocatalytic
ability of BiOBr seem incredible in visible light
region. For NiFe2O4, it has higher absorption
strength in the visible light region despite the
weak photocatalytic performance under visible
light irradiation. Therefore higher light
absorption does not always mean better
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Magnetic property. Fig. 5 shows the
magnetization curves of pure NiFe 2O4 and 25%
BiOBr-NiFe2O4. As the external applied field
increases, the magnetization (M) of samples
rises rapidly at first and then reaches the
magnetic saturation (Ms) slowly. It can be
estimated that Ms of NiFe2O4 and 25%
BiOBr-NiFe2O4 is about 45, 35 emu/g
respectively. In addition, there is an amplified
plot of the hysteresis loop with a tiny coercivity
on the top left of Fig. 6, which implies the
superparamagnetic behavior of samples [36].
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Photocatalytic degradation of RhB. RhB
is selected as a typical contaminant to evaluate
the photolytic performance of BiOBr-NiFe2O4
composites under visible light irradiation and
the results are presented in Fig. 6a. It can be
observed that pure NiFe 2O4 scarcely exhibits
photocatalytic activity for RhB and the weak
self-photolysis of RhB can be negligible.
BiOBr-NiFe2O4 composites show enhanced
activity obviously and as the content of BiOBr
increases, higher degradation efficiency is
achieved. 89%, 98% and 99% of RhB can be
removed by 25% BiOBr-NiFe2O4, 35%
BiOBr-NiFe2O4 and 50% BiOBr-NiFe2O4
composite respectively under visible light
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159.3 eV can be attributed to Bi 4f 5/2 and
Bi 4f 7/2 respectively; The binding energy of Br
3d is located at 68.4 eV which is the
characteristic peak of Br ± [35]. Therefore, the
XPS test further confirms the coexistence of
BiOBr and NiFe2O4, which is consonant with
the XRD characterization.
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FIGURE 4
XPS spectra of 25% BiOBr-NiFe2O4
composite (a) survey spectrum, (b) Fe 2p, (c)
Bi 4f, (d) Br 3d
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FIGURE 5
Magnetization curves of NiFe2O4 and 25%
BiOBr-NiFe2O4.
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attributed to the heterostructure between BiOBr
and NiFe2O4. As shown in Fig. 7a, after 3 h
irradiation 25% BiOBr-NiFe2O4 composite
exhibits higher photolysis efficiency than the
25% mechanically mixed sample.
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FIGURE 6
(a)Photocatalytic degradation of RhB over
different photocatalysts: a. NiFe2O4, b. RhB
self-degradation, c. 10% BiOBr-NiFe2O4, d. 15%
BiOBr-NiFe2O4, e. 20% BiOBr-NiFe2O4, f. 25%
BiOBr-NiFe2O4, g. 35% BiOBr-NiFe2O4, h. 50%
BiOBr-NiFe2O4; (b) pseudo-first-order kinetic
constant and R2 for RhB degradation.

(b)

irradiation
for
3
h.
Furthermore,
pseudo-first-order kinetics is used to fit the
photolysis of RhB over different samples and
the fitting result is illustrated in Fig. 6b.
It can be observed that 35% BiOBr-NiFe2O4
and 50% BiOBr-NiFe2O4 have the largest rate
constant, but their corresponding R2 is 0.94187
and 0.90987 respectively (table in Fig. 6b),
which suggests that excessive adsorption of dye
on the surface of catalysts may disturb the
photodecomposition
rate.
Because
the
immoderate adsorption of 35% and 50%
BiOBr-NiFe2O4 composites will cause an
incomplete decomposition of RhB adsorbed on
catalyst surface and a difficult desorption of
excess RhB. The optimal ratio should be 25%
BiOBr-NiFe2O4 composite that combines good
photocatalytic ability and mild adsorption
capacity. For BiOBr-NiFe2O4 composites, the
enhanced photodegradation efficiency can be



















5HF\FOHWLPHV

(c)
FIGURE 7
(a) Activity comparison between 25%
BiOBr-NiFe2O4 and 25% mechanically mixed
sample; (b) Cycling runs of 25% BiOBr-NiFe2O4
photocatalyst for RhB degradation; (c) Scheme
of photoinduced charges separation and transfer
on BiOBr-NiFe2O4 composite.
The stability and reusability of catalysts
can be judged from the recycling reactions,
especially for magnetic materials. Here, five
runs of RhB photodegradation over 25%
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composite for RhB degradation can be contributed
to the excellent adsorption capability of catalyst and
the
improved
separation
efficiency
of
photogenerated electron-hole pairs. As a whole
more research on designing and synthesizing the
magnetic catalyst for photo-driven reactions will be
an meaningful work.

BiOBr-NiFe2O4 are done and the activity
decreases moderately in Fig. 7b. The
phenomenon can be explained by the
troublesome desorption of remaining RhB and
photolysis products on the catalysts surface. On
the whole BiOBr-NiFe2O4 composites can keep
high photocatalytic performance and stability in
the recycling reactions due to the marvelous
magnetic property.
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INFLUENCE OF LAND USE CHANGE ON TOTAL
NITROGEN EXPORT IN NAOLI RIVER WATERSHED FROM
1954 TO 2010
Xiaomin Yin, Xianguo Lu*, Xingtu Liu, Zhenshan Xue
Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Changchun 130102, China

estuaries and coastal waters [1-2]. Land use change
in the watershed is often considered to affect
significantly on nitrogen export to stream water.
After land use change, soil physical and chemical
status and the nutrient flux will be altered and more
exogenous source nitrogen was usually taken into
soil due to fertilizer application and some other
human activities, resulting in excess nitrogen in
soils and its export to downstream water [2].
Moreover, landscape alteration of the watershed
also changed the hydrology of the river and thus the
nutrients export [3]. Studies conducted in the past
in many parts of the world have found that
changing natural forest, grassland and wetland into
cropland and urban land use generally increases
nitrogen loading into the aquatic environment in the
watershed [4-5]. Evaluation of the influence of land
use change on nutrient export into the river can give
us useful knowledge on both land and water
resource planning and management of the
watershed [2]. However, there are still inconsistent
conclusions on the effect of paddy field on nutrients
export in temperate watersheds. Some studies found
that paddy field acted as a type of cropland
regarding the effect on nitrogen export (e.g.[6]),
while others proposed that as a cultivated wetland,
paddy field can have the function of purification of
nitrogen pollution of river water[7]. So it is crucial
to sort the paddy field as an independent land use in
the study of its effect on nitrogen export.
In the past few decades, many numerical
models, ranging from simple statistical and
empirical model such as export coefficient models,
to complex mechanistic models such as AGNPS,
HSPF and SWAT[8-10], have been developed for
estimation of the influence of land use on nutrient
export in the watershed. And some of them have
been successfully applied in the quantification of
the pollutant loads and identification of nutrient
sources in a watershed (e.g. [8]). Selection of the
method is dependent on the purpose of the study
and the availability of the data. As decision tools
for watershed planners and managers, use of the
complicated physical models is often limited by the
difficulty of satisfying high data input requirements.
Alternatively, the export coefficient modeling
approach, originally developed in North America

ABSTRACT
Evaluation of the influence of land use change
on total nitrogen (TN) export to the stream water
can give us useful knowledge on both land and
water resource planning and management of the
watershed. The present study was conducted in
Naoli River watershed, northeast China, where
there experienced vast area of wetland reclamation
in the past few decades, using the export coefficient
approach to evaluate impact of land use change on
TN export in the watershed from 1954 to 2010. The
results showed that in an annual average scale, the
highest rate of TN export is from the residential
area, followed by the upland, water body and forest.
The paddy field in Naoli River watershed has a
relatively low TN export coefficient, acting more
like a type of treatment wetland rather than the crop
land regarding the TN pollution. Land use change
in Naoli River watershed in the past few decades
has dramatically altered the nitrogen discharge into
river water. TN export experienced an increase
from 2627 t to 3821 t over the period of 1954-1995
as a result of the wetland reclamation into upland
and then decreased to 3666 t in 2010 due to the
µXSODQGFRQYHUVLRQinWRSDGG\ILHOG¶in 1995-2010.
The uncertainty analysis and the results of the
export efficient model estimation suggested that
reduction of the upland area in Naoli River
watershed would be an effective way to reduce TN
pollution.

KEYWORDS:
Land use, Naoli River. Wetland, paddy field, nitrogen
export

INTRODUCTION
Overloading of nitrogen in river water has
received increasing concern throughout the world
over recent decades, as it can cause a wide range of
environmental problems, from degradation of
riverine ecosystems to decrease water quality and
even the eutrophication and hypoxia in downstream
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and adopted by OECD to predict nutrients input to
lakes and rivers [11], is a simple and logical method.
The limited data input requirements make it useful
for watershed assessments and management,
especially in the long-term nutrient source pollution
load simulation. The approach has been
successfully applied in modeling nutrient pollution
in a wide range of environmental studies (e.g. [7]).
The Naoli River watershed is located in the
northeast of Sanjiang Plain, northeast China, where
vast area of wetland has been distributed in this
region. As the foundation of PR China in 1949,
large area of wetland was converted to crop land.
Before 1990s, the wetlands were mainly changed
into upland crop planting, such as corn, wheat and
soybean. After 1990s, large part of upland areas
were changed into paddy filed due to the national
food demand. Now it is a national grain base in
China [12]. Studies in the past have found that
wetland reclamation in Naoli River watershed has
deteriorated water quality and the paddy field has
similar effect on water quality as that of natural
wetland [13]. However, little is known about the
effect of land use change on total nitrogen (TN)
export in the past few decades, which will hinder
useful management of the watershed.
The purpose of the present study was to assess
the influence of land use change on TN export in
Naoli River watershed from 1954 to 2010.
Specifically, the Export Coefficient Model intended
to evaluate the TN export in this watershed would
be developed and also used in conjunction with the
land use data to evaluate the influence of land use
change on TN export in the past few decades.
:KDW¶V PRUH effect of the change of
µwetland-upland¶ EHIRUH V DQG µXSODQG-paddy
ILHOG¶ DIWHU V on TN export in the watershed
would also be quantified.

MATERIALS AND METHODS
The study watershed. The Naoli River
watershed is located in northeast Sanjiang Plain,
Heilongjiang Province, northeast China. It is
situated in between 45°43ƍ DQG 47°45ƍ 1 DQG
between 131°31ƍand 134°10ƍ(DQG covers an area
of 2.36×104 km2 (Fig. 1). The Naoli River
watershed lies in a temperate zone with a
continental monsoon climate. Mean annual
temperature is 1.6 Ԩ, with the average for January
is -21.6 Ԩ (minimum) and for July 21.4 Ԩ
(maximum). Mean annual precipitation is 565 mm,
approximately 72% of the total rainfall occurs
between June and September (1981-2001 average).
Different types of soil developed along a gradient
from highland to lowland associating with different
hydrogeomorphological conditions, with bog soil in
the low floodplain, meadow boggy soil in the high
floodplain, brown soil in the terrain and Albic soil
in the mound.
The upper steep mountainous terrain was
mainly covered by forest, and wetland was
prevalent in the lower part of the watershed before.
However, after the foundation of PR China in 1949,
intensive land use change occurred in the watershed
with vast area of wetland has been severely
modified by agricultural drainage. From field
survey and results of remote sensing imagery
interpretation, the land area in Naoli River
watershed was dominantly covered by forest and
cropland in 2010, and there was no large-scale
industry in the watershed till May of 2011.
Pollutants discharged into the Naoli River were
mainly from non-point sources due to the
environmental characteristic of the watershed [23].
So the TN loading evaluation in the present study
was mainly concentrated on non-point source
export from each land use addressed.


FIGURE 1
Location of the study watershed and distribution of the monitoring sites

3093


© by PSP

Volume 25 ± No. 8/2016, pages 3092-3104

Fresenius Environmental Bulletin


Concentrations of TN in 31

Runoff of the

sub-watersheds during 2010

sub-watersheds during

RS imagery

2010 and 2011

interpretation in 2010

to 2011

Total

nitrogen

export

Land use of the

from the sub-watersheds

sub-watersheds

during 2010-2011

TN concentration and stream
flow data collection in two

Export coefficient estimation

calibration watersheds

of the study watershed

Measured river TN loads

Calculated river TN loads

No
Accuracy of +/- 10%

Yes
Finalize the export
coefficients

FIGURE 2
Procedure used to determine the export coefficient

monitored during 2010 and 2011. Distribution of
the monitoring sites was displayed in Fig.1.
Measurements were undertaken during base flow
conditions seasonally from July in 2010 to May in
2011. The precipitation and sampling time during
the measuring period were shown in Fig.3.
Concentrations of TN (mg/L) were analyzed in Key
Laboratory of Wetland Ecology and Environment,
Chinese Academy of Sciences by element analyzer
(San++ SKALAR, Netherlands). Runoff data of the
watershed during June of 2010 and May of 2011
was obtained from the hydrologic monitoring
station shown in Fig.1. Runoff for each
sub-watershed during the monitoring period was
calculated following the interpolation method
described by Quilbé et al. (2006) [15]. Results of
the calculation were illustrated in Fig. 4.

Determination of the TN export coefficient
and the development of the Export Coefficient
Model. The basic export coefficient equation
applied is:
L = σ୬୧ୀଵሺ  כሻ
(1)
where L represents the load of total nitrogen
exported (kg/yr); Ai represents area of the ith land
use (ha); Xi represents the export coefficient of the
ith land use (kg/ha/yr); and n represents the number
of land uses.
Multiple regression techniques described by
Hodge and Armstrong [14] were used to develop
the TN export coefficient for the study watershed in
the present study. Procedure used to produce the
TN export coefficients of each land use was given
in Fig.2.
In order to meet the needs of multiple
regression analysis, 31 sub-watersheds were
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FIGURE 3
Sampling time and precipitation and runoff of
the study watershed during the sampling period


FIGURE 4
Runoff of the monitoring watersheds during the
sampling period


FIGURE 5
Percentage of the area of each land use in the 31
sub-watersheds in 2010
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Land use of the study watershed in 2010 was
obtained through remote sensing imagery (Landsat
Thematic Mapper images, 30 m resolution)
interpretation using the software ENVI (Version
4.7). According to the purpose of the study and the
characteristics of the study watershed, land use in
the study area was classified into 7 types: wetland,
upland, paddy field, forest, grassland, water body
and residential area. Drainage area above each
monitoring site was obtained from the hydrology
analysis of the watershed through the function of
ArcGIS (Version 9.3) using the Digital Elevation
Model data from USGS (90 m resolution). Land use
in each sub-watershed was obtained by overlaying
the land use map of the study watershed in 2010
and the boundary of the drainage area above each
monitoring site. Percentage of each land use in each
monitoring watershed in 2010 was shown in Fig. 5.
Since there were more sampling sites than
land use types (more equations than unknowns), a
multiple-regression model was constructed to
develop the TN export coefficients for the land uses
in the study watershed. The dependent variable was
the annual average nutrient loading at each
monitoring site on a per hectare basis, while the
independent variables were the area of the land use
in the drainage area above each site. The export
coefficients estimated from the multiple regression
model represent the quantity of nutrients generated
per unit area per unit time in the estimated period
and are expressed in units of kilograms per hectare
per year (kg/ha/yr). A best-fit method was used to
derive the export coefficients of the land use from
the multiple regression models based on the
procedures described by Hodge and Armstrong [14].
All multiple regression models were developed
using a forced zero intercept, thus, giving a loading
of zero when all independent variables equal zero
[16].
Since the drainage area above the monitoring
site in Baomi River (a tributary of the Raoli River,
site No.4) is the only site representing 100 percent
forest, the TN export coefficient for forest was
calculated based on the area-weighted TN loadings
for site Baomi River. On an annual average scale,
the TN loadings for site Baomi River produced
forest export coefficient of 1.16 kg/ha/yr. The
negative coefficient value from the multiple
regression model associated with wetland for TN
was considered unacceptable as a nutrient export
coefficient as some positive loading was expected
from this land use. Based on some other studies of
wetland in Sanjiang Plain [17-18], to estimate a
positive export coefficient for TN for wetland in the
study watershed, TN loading of two ³OHDVWLPSDFWHG´
sites (Site No. 16 and No. 26) with high percentage
of wetland and forest in the monitoring watersheds
were averaged. The TN export coefficient based on
the two sites was 0.8 kg/ha/yr. Data of the other 28
sites was used to derive the TN export coefficient
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Fig.6 suggested that land use change from
1954 to 2010 in the study watershed was mainly
concentrated on wetland, upland and paddy field.
Before 1995, wetland decreased dramatically and
upland increased fast, and wetlands were mainly
changed into upland. However, after 1995, upland
began to decrease and paddy field increased faster.
So the land use information during 1954 and 2010
indicated that 1995 represents a turning point of
µZHWODQG-upland-SDGG\ ILHOG¶ FRQYHUVLRQ 7KH
transition matrixes of land use from 1954 to 1995
(wetland-upland) and from 1995 to 2010
(upland-paddy field) (shown in Table 1 and Table
2)
were established through the function of the
software ArcGIS (Version 9.3) using the land use
data of the watershed in 1954, 1995 and 2010.
Combination with the export coefficient model
developed, TN export transition matrix in the study
watershed was also established. And the TN export
variationV
GXULQJ
µZHWODQG-XSODQG¶
DQG
µXSODQG-SDGG\ ILHOG¶ SHULRG ZHUH TXDQWLILHG
respectively from the transition matrix.
The results of the TN export coefficient
estimates for land uses in Naoli River watershed are
summarized in Table 4.

of residential area, upland, paddy field, water body
and grassland. To minimize the effects of
multi-collinearity of the land uses, principal
component regression analysis was used to get the
regression model of land use and TN load, based on
the calculating processes provided by Liu et al.
(2003)[19]. To statistically test the validity of the
regression models, the F-test was applied.
Calibration of the export coefficient equation
was taken in two drainage areas with various land
uses above Baoqing Station and Caizuizi Station,
respectively, by comparing the predicted and
observed load of TN in 2010. A Monte Carlo
Technique was utilized to investigate the
knowledge uncertainty associated with the
evaluation of nutrient loading contribution by
source and of total estimated loadings following the
procedure described by McFarland and Hauck [16].
Contribution of each land use on TN export in
Naoli River watershed in 2010 was calculated by
multiplying of the obtained export coefficients by
area of each land use in 2010.
Collection of land use data in 1954-2005
and different land use change period division.
Land use data of the study watershed in 1954, 1980,
1995, 2000 and 2005 was obtained from the Data
Base of Wetland in Northeast China from the Key
Laboratory of Wetland Ecology and Environment,
Chinese Academy of Sciences. Land use of the
study watershed from 1954 to 2010 was shown in
Fig. 6.

RESULTS
Export Coefficients of the land use in the
study watershed. Statistical parameters from the
regression models for estimating the TN export
coefficients of grassland, water body, residential
area, paddy field and upland are summarized in
Table 3. Table 3 suggested that the confidence level
is better than 95% for TN, indicating that there is a
relationship between land use and TN load.
However, the R2 does show that just about 30% of
the variability in the monitoring data is due to land
use.


FIGURE 6
Land use of the study watershed from 1954 to
2010
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Compare calculated export coefficient to
literature values.
Values of TN export
coefficients for a variety of land use from a number
of studies have been reviewed and compiled by
references [20-22]. Compiled with some other
studies of the paddy field export coefficient in
China [23-24], general review of measured TN
export coefficients for various land uses in previous
studies are summarized in Table 5. Tables 4 and 5
suggested that the paddy filed export coefficient of
the study watershed was lower than that in other
areas in China, while others all fit well within the
range of literature values for the estimated land
uses.
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TABLE 1
Transfer matrix of land use in Naoli River watershed from 1954 to 1995 (ha)
1995
1954

Forest

Water
body

Grassland

Residential
area

Wetland

Paddy field

Forest
704386
0
0
8548
0
Grassland
0
41301
0
4444
4802
Water body
0
0
5340
0
8081
Residential
0
0
0
6900
0
area
Wetland
0
27794
0
11770
354865
Paddy field
0
0
0
0
0
Upland
0
0
0
8696
0
Elements along the leading diagonal (top-left to bottom right) indicate areas of
indicate areas of change from one type to another.

Upland

0
3504
1374

100001
96087
4149

0

0

31295
606497
8691
567
2190
310485
persistence, while others

TABLE 2
Transfer matrix of land use in Naoli River watershed from 1995 to 2010 (ha)

1995

Forest

Grassland

Forest
Grassland
Water body

634414
0
0

5851
32636
0

Water
body
0
0
4308

Residential area

0

0

0

2010
Residential
area
1919
623
0

0
10464
219

Paddy
field
0
2901
157

39242

153

989

0

Wetland

Upland
62971
22516
662

Wetland

0

0

0

451

300007

32034

35001

Paddy field

0

0

0

396

0

35262

11437

Upland

0

0

0

19984

0

280606

818134

Elements along the leading diagonal (top-left to bottom right) indicate areas of persistence, while others indicate areas
of change from one type to another.

TABLE 3
Summary of statistical parameters of the multiple regression model
Variables

Degrees of Freedom

R2

F-value

Confidence Level

5

22

0.302

2.655

>95%

Results of calibration of the Export
Coefficient Model constructed. Results of the
calibration of the Export Coefficient model were
shown in Fig. 7. Fig.7 showed that the errors
between measured and modeled TN loads are 9.47%
and 6.86% in the drainage areas above Baoqing
Station and Caizuizi Station, respectively, which is
in an acceptable range of error for export
coefficient model estimation [16]. Based on the
procedure shown in Fig.2, the export coefficients
produced from the multiple regression model
(Table 4) can be used to evaluate the influence of
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land use change on TN export in Naoli River
watershed.
The highest rate of TN export in Naoli River
watershed is from the residential area, with an
export coefficient of 3.65 kg/ha/yr, followed by the
upland (2.21 kg/ha/yr), water body (1.82 kg/ha/yr)
and forest (1.16 kg/ha/yr). The paddy field of the
study watershed showed a low rate of TN
export(0.92 kg/ha/yr), comparatively to that of
wetland, indicating that paddy field in the study
watershed performed more like a type of wetland
rather than of crop land regarding the TN pollution.
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TABLE 4
Total Nitrogen Export Coefficient estimates for land uses in Naoli River Watershed
Land Use

TN (kg/ha/yr)

p-Value

Grassland

0.53±0.28

0.621

Water body

1.82±0.68

0.019

Residential area

3.65±1.29

0.011

Paddy field

0.92±0.32

0.479

Upland

2.21±1.08

0.003

Forest

1.16

Wetland

0.8

p-value represents the probability in the multiple regression model between TN load and grassland, water
body, residential area, paddy field and upland.

TABLE 5
Ranges of measured TN Export Coefficient of various land uses in previous studies
Land use

TN Export Coefficient
(kg/ha/yr)

Number of sources

Source

Forest
Grassland
Residential area
Wetland
Paddy field

0-13
0.05-30
2.1-7.3
0.55-3.8
16.8-21.5

8
9
5
3
3

[25-29]
[25, 30-32]
[26-27, 33]
[34]
[23-24, 35]

Upland

2.00-120

7

[30-31, 36]


FIGURE 7
Result of the calibration of the export coefficient
model constructed in Naoli River watershed
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TN export to watercourses and its sources
in 2010.
Results of the calculation of the
contribution of TN discharge by each land use are
displayed in Fig.8. Fig.8 suggested that contribution
of upland is highest to the TN loadings in 2010,
being higher than other land use sources together. It
is associated with the relatively high export
coefficient and the largest area of upland in the
study watershed (Fig.9). Wetland reclamation into
upland in the past few decades in Naoli River
watershed has dramatically impacted on the TN
export. TN discharge from forest also occupied a
large part of TN pollution in the study watershed,
associated with the large area of forest in the
watershed. TN load contributions from other land
uses were all less than 10% in 2010. Although
paddy field occupied an area of 15.03% in the
watershed (Fig. 9), it contributed only 6.43% of the
TN export in 2010 (Fig. 8).
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FIGURE 8
Percentage contribution of total nitrogen
loadings by each land use in Naoli River
watershed in 2010

FIGURE 9
Percentage of each land use in Naoli River
watershed in 2010

TABLE 6
Simulated contribution to TN export by each land use in Naoli River watershed on an annual basis in
2010, using Monte Carlo Techniques

Forest
Grassland
Water body
Residential area
Wetland
Paddy field
Upland

Forest
Grassland
Water body
Residential area
Wetland
Paddy field
Upland

Mean (kg/yr)
869850.50
11864.87
102261.75
180157.35
108749.72
237502.94
2178697.58

Standard error(kg/yr)
296225.71
1127.70
10270.63
26649.96
13392.84
67771.12
911144.80

Mean of the contribution
(percentage)

Standard Error of the contribution
(percentage)

19.61
0.37
3.04
5.08
3.41
6.58
61.91

18.58
0.21
2.22
3.63
2.50
3.48
16.30

increase from 2627 t to 3821 t over the period of
1954 to 1995 and then decreased to 3666 t in 2010.
$V D UHVXOW RI WKH µFRQYHUVLRQ RI XSODQG WR SDGG\
ILHOG¶TN has decreased by 10.35 t/year from 1995
to 2010.

Uncertainty of the source contribution to
TN loading. Results of the uncertainty estimation
from Monte Carlo Technique were shown in Table
6. The range in TN loadings for the land-use sectors
was highly variable. The largest uncertainty in
loadings was associated with upland, while the
largest uncertainty in percent contribution by source
was related to the forest.

TN export associated with the transition of
µZHWODQG-XSODQG¶
before
1995
and
µXSODQG-SDGG\ ILHOG¶ after 1995. Based on the
analysis of land use change in 1954 to 1995 and
1995 to 2010 (Table 1 and Table 2) and the export
coefficient model constructed, influence of the
FRQYHUVLRQ RI ¶ZHWODQG-XSODQG¶ before 1995 and
µXSODQG-SDGG\ ILHOG¶ DIWHU  was estimated.

Influence of land use change on TN export
in Naoli River watershed from 1954 to 2010.
The constructed export coefficient model was run
for 1954 to 2010. The results were shown in Fig. 10.
Fig.10 suggested that TN export experienced an
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Results of the estimation were summarized in Table
7 and Table 8. The positive values in the tables
represent the increase of TN export, and the
negative values represent the decrease of the TN
export during the evaluation period. Table 7
suggested that from 1954 to 1995, conversion of
forest, grassland and wetland into upland has
increased TN load by 105001 kg, 161425 kg and
855161 kg, respectively. Reclamation of wetland
into upland has significantly increased the TN
export from 1954 to 1995. Increase of residential
area from 1954 to 1995 also contributes almost of
81217 kg TN export to the aquatic ecosystems.


FIGURE 10
Total nitrogen export in Naoli River watershed
from 1954 to 2010

TABLE 7
Transition matrix of contribution of total nitrogen from each land use in Naoli River watershed from 1954
to 1995 (kg)

1954

1995
Residential
area
21285

Wetland
0

Paddy
field
0

Forest

Grassland

Forest

0

0

Water
body
0

Grassland

0

0

0

13865

1297

1367

161425

Water body
Residential
area
Wetland

0

0

0

0

-8243

1237

1618

0

0

0

0

0

0

0

0

-7504

0

33545

0

3775

855161

Paddy field

0

0

0

0

0

0

732

Upland

0

0

0

12522

0

-2826

0

Upland
105001

The positive values represent the increase of TN export, and the negative values represent the decrease of the TN export
during the evaluation period.

TABLE 8
Transition matrix of contribution of total nitrogen from each land use in Naoli River watershed from 1995
to 2010 (kg)

1995
Forest
Grassland
Water body
Residential
area
Wetland
Paddy field
Upland

Forest

Grassland

0
0
0

-3686
0
0

Water
body
0
0
0

0

0

0

0
0
0

0
0
0

0
0
0

2010
Residential
area
4778
1944
0

0
2825
-223

Paddy
field
0
1131
-141

0

-436

-2700

0

1285
1081
28777

0
0
0

3844
0
-361982

49351
14754
0

Wetland

Upland
66120
37827
258

The positive values represent the increase of TN export, and the negative values represent the decrease of the TN export
during the evaluation period.
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indicating that classification of the land use is a
crucial step when using the export coefficient
approach, as indicated by some previous studies
(e.g. [8]). The coefficients estimated represent the
rate of nutrients generated from the land use
addressed. The lower TN export coefficient of the
paddy field in the study watershed suggested that
the rate of TN from paddy field was lower than that
in other parts of China reported before (eg. [23,
35]), which may be associated with the specific
environment conditions and agricultural practices
of the study watershed. The Naoli River watershed
is located in an area with a relatively low annual
average temperature than that in other paddy field
areas, such as the southern part paddy field area of
China. Low temperature usually results in low
mineralization rate of nitrogen in the soil and its
export to river water. WKDW¶VPRUHWKHLQWHQVLW\RI
agricultural activity in this region is lower than that
in the southern part of China, which may associate
with less excess nitrogen in the soil and its export to
river water [37]. Although paddy field occupied an
area of 15.03% in the watershed (Fig. 9), it
contributed only 6.43% of the TN export in 2010
(Fig. 8). ,W LV UHODWHG WR WKH µWUHDWPHQW ZHWODQG¶
characteristic of the paddy field of the study
watershed in terms of TN pollution, which is
indicated by the low export coefficient of paddy
field. So wetland conversion into upland would
have more positive effect on TN export than that
into paddy field in Naoli River watershed.
Nutrient concentration of the stream water
usually
correlates
significantly
with
the
hydrological conditions of the river. Some studies
have proposed that an increase in discharge lead to
a higher nutrient load [9], while others found that
many solutes are most concentrated during base
flow conditions [15]. Base flow chemistry of the
nutrient of the watershed in temperate areas can
represent the surface geology, recent climate and
land use, and the water samples taken during base
flow conditions in an annual scale can be utilized to
evaluate the influence of land use change on river
water quality [38].The water samples for measuring
the concentration of TN in the present study were
undertaken under base flow conditions. The model
calibration results showed that the error was in the
acceptable range of the export coefficient model
development, indicating that the water samples
undertaken in the present study can be used to
evaluate the influence of land use change on TN
export. However, the export coefficient model
operates on the annual average time step, so the
seasonal or storm event patterns of TN export
cannot be documented in the method, which can be
regarded as a limitation of the export coefficient
approach.

Table 8 showed that from 1995 to 2010,
µFRQYHUVLRQRIXSODQGWRSDGG\ILHOG¶in Naoli River
watershed has reduced the aquatic pollution of TN,
with a decrease of TN export by 361982 kg, 9.47%
of the TN export in 1995. Besides, increase of
residential area in 1995 to 2010 also contributed
significantly to TN load, with a net increase of
34581 kg TN export to the river water.

DISCUSSION
Export Coefficient of the land use in Naoli
River watershed. Several methods have been
utilized in the past studies to derive the export
coefficients. The multiple regression approach
provides export coefficients representing the
average of conditions and practices of each land use
in the watershed, as opposed to export coefficients
produced from the more limited practices and
conditions of small, single land-use drainage areas
[20]. The present study used one-year monitoring
data of 31 sub-watersheds with various land use to
derive the TN export coefficients in the study
watershed. From the results of the validation of the
multiple regression model (Table 3), the R2 is
relatively low, indicating that besides land use,
some other factors (e.g. slope, soil and the bedrock)
may be related to TN export. However, the results
of the F-test showed that there exists a relationship
between land use and TN export, and the
calibration results of the model also suggested that
the error was in an acceptable range of that of the
export coefficient approach, indicating that the
export coefficients developed can be used to
represent the rate of TN export in the specific
conditions of geoclimate and influence of human
activities in the study watershed, which has also
been shown in some other studies (e.g.[24]).
The residential area has the highest TN export
coefficient, indicating the significant impact of
human activities on TN discharge in the study
watershed. :KDW¶V PRUH increase of residential
area from 1954 to 1995 also contributes almost of
81217 kg TN export to river water due to the
significant increase of TN export rate from
residential area although the area of residential area
is small in 1995, compared with other land use,
such as forest and wetland.
The relatively low export coefficient of
wetland can be related to the purification function
of nitrogen of wetland, which has been reported in
some other studies (eg. [4]). Agricultural land is
usually regarded as the dominant source of nutrient
export to river waters [2]. The present study
split-up the crop land into paddy field and upland
when deriving the TN export coefficient for each
land use in the study watershed. The results showed
that the TN export coefficient of upland is
significantly higher than that of paddy field,

Influence of land use change on TN export
in 1954-2010. Results of the quantification of the
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influence of land use change on TN export in 1954
to 2010 showed that anthropogenic land use change
in Naoli River watershed has caused a generally
increase of TN export, although it decreased after
1990s (Fig. 10), indicating that mass balance of the
nitrogen of river water has been dramatically
changed by human activities in the watershed, as
reported in some other temperate watersheds in
previous studies (e.g.[5]). :KDW¶V PRUH it can be
concluded from the transition matrix of TN export
as a result of µZHWODQG-upland-SDGG\ ILHOG¶ change
in the watershed (Table 7 and 8) that except for
upland, residential area also contributed an
important part in the net increase of TN export in
the past few decades, due to the high rate of TN
from this land use, although it occupies a relatively
small area in the watershed, indicating the dramatic
effect of human activities on nutrient export in the
watershed.
Results of uncertainty analysis suggested that
the largest uncertainty in percent contribution by
source was related to the forest, which is associated
with the relatively high standard deviation set for
the forest in Monte Carlo modeling, as indicated by
some other studies (e.g.[16]). The largest area
percentage of the watershed and relatively large
uncertainty in TN discharge of upland indicate that
focusing TN management practices on this land use
could have a significant impact on reducing TN
discharge to the Naoli River watershed.
The export coefficient in the present study was
developed based on the monitoring data of Naoli
River watershed during 2010 and 2011. It was then
used conjunction with the land use data to evaluate
the TN discharge in the past few decades, which is
logical in the use of the export coefficient approach
[8]. However, results of the estimation caQ¶W EH
calibrated in 1954 to 2005 due to the lack of the
observed data of this watershed in that period.
Studies in the past have reported different amounts
of nitrogen fertilizer application in different years
in this area (Fig. 11) [37], which may result in the
variation of the TN export coefficient of the same
crop land among different years [20]. So more
accurate rate of the nitrogen export from the crop
land in each year in the past few decades needs to
be given in this watershed in future studies.
The present study utilized the export
coefficient approach to evaluate the influence of
land use change in the past few decades. The export
coefficient was obtained from the multiple
regression analysis, and the knowledge of the
mechanism of the change of TN export has not
been documented, which will hinder the
understanding of the influence of land use change
on TN export systematically. So some more studies
aimed to illustrate the mechanisms of the TN export
associated with the land use change in the study
watershed in the past few decades need to be
conducted in future researches.


FIGURE 11
Variation of the amount of nitrogen fertilizer in
the farms in Heilongjiang Province from 1970 to
1980 (Data source: [37])

CONCLUSION
Previously, influence of land use change on
TN export has been concentrated on the watersheds
experienced deforestation or reclamation of wetland
into upland, and conclusions on the effect of paddy
field on TN export in temperate watersheds are still
inconsistent. The present study was conducted in
Naoli River watershed where there experienced
typical
land
use
change
process
of
µZHWODQG-upland-SDGG\ ILHOG¶ LQ QRUWKHDVW China in
the past few decades.
Based on the Export Coefficient Model
developed we concluded that the highest rate of TN
export in Naoli River watershed is from the
residential area, with an export coefficient of 3.65
kg/ha/yr, followed by the upland (2.21 kg/ha/yr),
water body (1.82 kg/ha/yr) and forest (1.16
kg/ha/yr). Paddy field in Naoli River watershed
acted more like a type of treatment wetland rather
than that of the crop land regarding the TN
discharge into river waters. TN export experienced
an increase from 2627 t to 3821 t over the period of
1954 to 1995 and then decreased to 3666 t in 2010.
From 1954 to 1995, conversion of forest, grassland
and wetland into upland has increased TN load by
105001 kg, 161425 kg and 855161 kg, respectively.
Reclamation of wetland into upland has increased
the TN export significantly from 1954 to 1995.
)URPWRµFRQYHUVLRQRIXSODQGWRSDGG\
ILHOG¶ LQ 1DROL 5LYHU ZDWHUVKHG KDV UHGXFHG WKH
aquatic pollution of TN, with a decrease of TN
export by 361982 kg, 9.47% of the TN export in
1995. The uncertainty analysis and the results of the
export efficient model estimation in the past few
decades suggested that reduction of the upland area
in Naoli River watershed would be an effective way
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to reduce the TN pollution.
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ECO- FRIENDLY SYNTHESIS OF CADMIUM OXIDE
NANOPARTICLES USING SALVIA OFFICINALIS PLANT
AND INVESTIGATE ITS ANTI-FUNGAL BIOFILM EFFECTS,
IN SINGLE FORM AND IN COMBINATION WITH
FLUCONAZOLE AGAINST CANDIDA ALBICANS
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reduce toxic effects of nanomaterials and also
create compatible invivo ways for usage of
nanotechnology.
Salvia officinalis is a
phytoestrogen evergreen plant which is used in Iran
as a pharmaceutical composition since ancient
times. This plant is grown in the northwestern Iran
including East Azerbaijan province. Researches
approved the antibiotic and anti-fungal effects of
this subshrub (Figure1) [1]. In this research we tried
to product CdO Nps by using of this plant.
Biofilms are a part of the life cycle in
microorganisms. Nowadays, these structures have
high importance in medical studies because they are
one of the major causes in chronic bacterial and
also fungal infections, especially in people who are
immunocompromised. Many microorganisms are

ABSTRACT
In this research, cadmium oxide nanoparticles
(CdO Nps) were synthesized from Salvia officinalis
and their anti-fungal biofilm effects were evaluated
in single form and also in combination with
fluconazole. The physicochemical properties of the
synthesized CdO Nps were investigated by using
Scanning Electron Microscopy (SEM), doublebeam ultraviolet-visible spectrophotometer (UVVis), energy-dispersive X-ray spectroscopy (EDX)
and Particle Size Analyzer (PSA). Results of this
research showed that found CdO Nps possesses
quantum effects and their size is in the range of 10 70 nm. These nanoparticles have good anti-fungal
biofilm properties (P value   FRPSDUHG WR
fluconazole antibiotic (P value = 0.00) and control
group. Synthesized CdO Nps reduced 80.86% of
the biofilm and 31.92% of the fluconazole antibiotic
compared to control group. The mixture of these
nanoparticles and fluconazole has desirable antifungal biofilm effects and in fact it reduced 91.49 %
of the biofilm, compared to the single concentration
and control group. Time-kill study of combined
concentration showed a significant reduction in the
number of yeast cells DWWKHOHYHORI 3 
KEYWORDS:
Eco- Friendly synthesis of cadmium oxide nanoparticles,
Fluconazole, anti-fungal biofilm effects

FIGURE 1
Salvia officinalis plant.
able to participate in biofilm structures; the fungal
ELRILOP KDV PRUH LPSRUWDQFH WKDQ EDFWHULD¶V
biofilm, because it creates different behaviors to
become more resistant against antibiotic and
antifungal drugs. Candida albicans is the fourth
leading cause of chronic fungal infection that

INTRODUCTION
Green nanomaterials are the name attributed to
some materials and Eco- Friendly synthesis is the
name attributed to their product method. The aims
of this new technology are protect the environment,
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several hours the reaction led to sediment at
the bottom of the flask. After removal of the
colloidal solution in the flask, the created sediment
containing CdO nanoparticles was centrifuged at
14,000 rpm for 5 min [5]. Finally the obtained
sediment was washed by deionized water and dried
to find ready state for next steps.

infects the mucus and deep tissues by biofilm
formation. The formation of biofilm structure create
problem for treatment of these infections [2].
Fluconazole is an antifungal triazole with antifungal
effect that acts through inhibition of cytochrome
P450. Currently it is one of the most common drugs
that used to treatment of Candida infections [3].
This \HDVW¶V ability to form biofilm and the
increasing consumption of antibiotic has led to
antimicrobial resistance in the treatment of its
infections. One of the approaches to reduce drug
resistance is a combination of antibiotics and other
antimicrobial agents. Recently, several studies had
been done about usage of nanoparticles in mixture
with antibiotics. [4]. Here, CdO Npswere
synthesized from Salvia officinalis and their antibiofilm effects investigated in single form and in
combination with fluconazole antibiotic against
Candida albicans.

UV -Vis Spectroscopy method for CdO Nps.
For this purpose, 0.2 ml of suspension containing
CdO Nps was brought to a volume of 2 ml by
deionized water. The spectrometry was performed
at a wavelength of 300 to 600 nm at room
temperature [6].
Determination size and distribution method
for CdO Nps. Determination of the size and
distribution of CdO Nps was performed by PSA
unit. First, 1 ml of suspension containing
nanoparticles and plant extract was reached to 10
ml using deionized water and it was analyzed using
PSA after being transferred into the cuvette [7].

MATERIALS AND METHODS

Evaluation anti-biofilm effect. Preparation
of fluconazole suspension, CdO Npsand
fluconazole + CdO Nps. To prepare the
fluconazole suspension, first 0.0128 g of
fluconazole antibiotic powder dissolved in 10 ml of
deionized water in 37 °C to obtain 1280 μgml-1
concentration. Then, by using concentration range
0.03125- ȝJ   PO target concentration of 37
μgml-1 in was calculated and prepared sterile
culture media (pH = 7) and SDB. Concentration of
0.37 × 108 Particles ml-1 was used to evaluate the
anti-biofilm effects of CdO Npsand intended
concentrations were combined with each other to
evaluate the combined properties. After preparation
of the desired concentrations, the resulting
suspension was sterilized for subsequent processing
using 0.22 ȝP0LOOLSRUHILOWHUand stored at -20 ° C
[6, 8].

Materials. The materials that used in the
biosynthesis of CdO Nps such as cadmium
chloride, deionized water and culture media such as
sabouraud dextrose agar (SDA) and sabouraud
dextrose broth (SDB) purchased from Merck.
Salvia officinalis plant was purchased from the
Agriculture Research Center of Shiraz. Standard
strain of Candida albicans (ATCC 14053) was
purchased from the Center of Scientific and
Industrial Research of Iran. All other used materials
provided by Reliable companies with high quality
and Purity.
Apparatus. Properties of CdO Nps and other
study sections were investigated by using of a
double-beam UV-Vis spectrophotometer (UV2700- Shimadzu- Japan), EDX spectroscopy device
(Shimadzu EDX-7000- Japan), SEM (ZeissGermany), Optical microscope (Olympus-USA)
and PSA (Shimadzu- Japan) devices. ELISA reader
(ELx800-BioTek-China).

Evaluation of the anti-biofilm effects of CdO
Nps and fluconazole. Here, the effect of CdO Nps
in single form and in combination with fluconazole
to prevent biofilm formation evaluated against
pathogenic Candida albicans. The CdO Nps and
fluconazole dose in this study are equal to 0.37 ×
108 Particles ml-1 and 37 μgml-1 respectively. The
test was performed in a 96-well microplate. For this
purpose, 100 μl of Candida albicans yeast
suspension with concentration of 1x 107 cellml-1
was added to the wells. For the development of
biofilm formation stages, first, microplates was
placed in a shaking incubator for 90 min at 37 °C in
order to connect the cells to the bottom of the
microplate wells. Then wells were washed three
times with phosphate buffer- saline (pH = 7.4) to
isolate not connected cells. After adding 100 ml of
SDB medium to microplate wells, it was placed in a

Biosynthesis of CdO Nps. CdO Nps were
synthesized from aqueous extract of mentioned
plant; To prepare the aqueous extract of it, 25 g of
dried flowers, after being washed with double
distilled water and then dried in shadow, in the next
step was grinded and poured into Erlenmeyer flasks
and was brought to a volume of 100 ml. Boiling
state was performed for 15 minutes. The obtained
extract was filtered by a 0.45 μm Millipore filter
after cooling. The archived extract was stored at 4 °
C for the next steps. Then, 25 ml of this extract was
added to 25 ml of cadmium chloride solution 10
mM. Then, the flask containing the extract of Salvia
officinalis and cadmium chloride solution was
considered for reaction at room temperature. After
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with cadmium chloride solution and
discoloration reaction of yellow color to brown
color confirms the biosynthesis of CdO Nps; This
color change is the result of reaction of biological
molecules in herb extracts with cadmium chloride
solution which indicates a reduction of cadmium
ions by biological molecules. The color change
related to reaction mixture during the synthesis of
CdO Nps shown at figure 2.

shaking incubator at 75 rpm for 48 h. After this
time, the wells were drained and rinsed with
phosphate buffer. Then, 100 μl of suspension of
CdO Nps, fluconazole and mixed concentration of
fluconazole and CdO Nps with 100 μl of sterile
medium were added to the wells and they were
incubated for 24 h. The biofilm in wells was
assessed using vital tetrazolium dye (MTT). For
this purpose, 50 μl of the tetrazolium salt was
mixed with 50 ml of suspension in each well and
also 50 ml of medium. Then the microplate was
kept at 37 ° C for 4 h. After this time the contents of
the wells were rinsed with phosphate buffer saline
afresh. Then 0.5% of Dimethyl Sulfoxide solution
was added to the wells and kept for 15 min at 37 °
C. Finally, microplate absorption was measured at
wavelength of 490 nm by ELISA reader [9].
Microscopic observation was done in the presence
of fluconazole (37 μgml-1), CdO Nps (0.37 × 108
Particles ml-1) and the combination of fluconazole
and CdO Nps after 24 h. For this work, yeast cells
were mixed with the anti-biofilm mentioned agents
and incubated for 24 h. Then they were spread on
sterile slides and dried in ambient temperature; then
prepared slides were examined under an optical
microscope [6].

SEM and EDX investigation. Figure 3,
shows SEM image of biosynthesized CdO Nps.
These nanoparticles with spherical morphology
have uniform distribution, but as can be seen in this
image, they do not have a uniform size and this is
one of the disadvantages of biosynthesis of
nanoparticles. Figure 4, shows EDX spectrum of
the nanoparticles. This spectrum proves the
existence of CdO Nps in the reaction mixture.

Exploring Time-Kill Curve of Candida
albicans cells in the presence of CdO Nps and
fluconazole. Time-Kill investigation was conducted
in the presence of fluconazole with concentration of
37 μgml-1, CdO Npswith concentration of 0.37 ×
108 Particlesml-1 and both CdO Nps + fluconazole.
For combination of fluconazole and nanoparticles,
yeast cells with concentration of 1x 107 cellml-1 and
fluconazole with concentration of 37 μgml-1 and
CdO Nps with concentration of 0.37 × 10 8
Particlesml-1 were mixed with each other. 100 μl of
obtained suspension was cultured on SDA sterilized
medium. Plates were incubated for 48 h at 37 ° C.
During this time grown colonies were counted by
CFU at hours 0, 2, 4, 6, 8, 10, 12, 24, 48. At the
same time, to explain the impact of this
combination on Candida albicans cells, SEM
technique was performed. For this purpose, from
the above suspension, a slide was created at the
time of zero and two hours; and after fixing it on
the flame, it examined by [9]. The outcomes of this
research are the result of three times of replication
and the standard deviation error. These results were
analyzed by software statistical SPSS (version 19)
and one- way ANOVA statistical test was used to
determine the significance of the tests.

FIGURE 2
The color change resulted from the biosynthesis
of CdO Nps. Salvia officinal herb extract (a).
The reaction mixture after biosynthesis of
nanoparticles (b).

FIGURE 3
Electron microscopy image of CdO Nps.
RESULTS AND DISCUSSIONS
UV-Vis study. Figure 5 shows absorption
characteristics of CdO Npsat a wavelength of 300900 nm. The created peak in the 300-350 nm

Analysis of biosynthesized CdO Nps. Color
change. Reaction was completed within less than
24 h after mixing the extract of Salvia officinalis
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indicates biological reduction of cadmium ion by
biological molecules in Salvia officinalis herb
extract and surface plasmon and vibration of
biosynthesized CdO Nps in this area. This spectrum
proves the existence of CdO Npsand their quantum
properties.

albicans biofilm. In Figure 7 (a) inhibition
percentage of biofilm formation and in Figure 7 (b)
microplate absorbance are represented. As can be
seen in this image, CdO Nps and fluconazole have
different effects. Data analysis shows that the
antibiotic fluconazole causes 31.92 % reduction (P
value = 0.00) in biofilm. However, &G21SV¶LPSDFW
was stronger than that of fluconazole in a way that
resulted 80.86 % (P value  reduction in the
amount of the biofilm. The combination of
nanoparticles and fluconazole showed that this
compound led to reduction of 91.49 % (P value 
0.05) in the biofilm that indicates synergistic effect
of these two substances.

FIGURE 4
EDX spectrum of biosynthesized CdO Nps.

FIGURE 6
Distribution and dispersion of biosynthesized
CdO Nps.

Figure 8, illustrates the anti-biofilm effects of
these materials by an optical microscope after 24 h.
As can be seen, these materials reduce the growth
of hyphae in the Candida albicans and also
eliminate the cells of this yeast. The results showed
that the greatest anti-biofilm belonged to the
combination of CdO Nps + fluconazole and this
indicates the synergistic effect of these two
substances together.
Figure 9, shows the time-kill study; this factor
was studied in the presence of the combination of
fluconazole and CdO Nps. The analysis showed that
this compound reduced Candida albicans cells
significantly at the level of 3after 48 h; also
yeast cells - reduced from log 107WRQHDUࡿ

FIGURE 5
UV-Vis spectrum of biosynthesized CdO Nps.

Determining the size and dispersion of
cadmium oxide nanoparticles. Figure 6 illustrates
the distribution and dispersion of biosynthesized
CdO Npsin the reaction mixture. The obtained data
by PSA unit shows that the nanoparticles size are in
the range of 10 - 70 nm; But more dispersion of
these nanoparticles were in the range of 50 nm.
Anti-biofilm effect of cadmium oxide
nanoparticles and fluconazole. Figure 7 shows the
effect of CdO Nps and fluconazole in single forms
and in combination with each other on Candida

3108



© by PSP

Volume 25 ± No. 8/2016, pages 3105-3111

Fresenius Environmental Bulletin



FIGURE 7
The optical absorption and the percentage of the inhibiting Candida albicans biofilm formation; (a):
Inhibition percentage of biofilm formation; (b): microplate absorbance.

FIGURE 8
Microscopic observation; (a): control group; (b):
the antibiotic fluconazole; (c): CdO Nps; (d): fluconazole + CdO nanoparticles.

>ŽŐŐƌŽǁĞĚĂŶĚŝĚĂ
ĂůďŝĐĂŶƐĞ

ϮϬ

Ϭ

biosynthesis compared to other methods. In
addition, the synthesis of these nanoparticles by
plants has been reported as a completely
ecofriendly method [10]. In this regard, the study by
Karimi et al. can be pointed out; they also
synthesized CdO Nps from Achillea wilhelmsii in
their research. Their data showed that these
nanoparticles with dimensions of 35 nm have
quantum properties [5]; Data for this study proved
the quantum and special properties of CdO Nps
synthesized using Salvia officinalis. In mentioned
study, in addition to investigation of the
physicochemical properties of biosynthesized CdO
Nps, anti-biofilm properties of the nanoparticles
were evaluated in the single form and in
combination with the antibiotic fluconazole for the
first time. According to reports, in some cases, a
combination of two antimicrobial materials
increases their inhibitory property. The advantages
of this approach include overcoming the limitations
of each of the antimicrobial agents in their single
form, the increase of their performance, the use of
lower concentrations in combination for compared
to the single form, reduction of the toxicity and
preventing the emergence of resistance to any one
of them. The use of nanoparticles and antibiotics
simultaneously has increased recently.. Lee et al.
used of silver nanoparticles in combination with
amoxicillin antibiotic against Escherichia coli. In
their research, they evaluated minimum inhibitory

dŝŵĞ<ŝůůĐƵƌǀĞ
ŽŶƚƌ
ŽůĞ

ϮϬ

ϰϬ

ϲϬ

dŝŵĞ;ŚͿ
FIGURE 9
The growth curve of Candida albicans in the
presence of combined concentration of CdO
Npsand fluconazole.

Figure 10, shows Time kill curve study of the
yeast Candida albicans in the presence of the
combination of fluconazole and CdO Nps 2 h after
carrying out the tests under the SEM. Figure 10 (a)
shows the control group and 10 (b) shows the
treatment group. As can be seen in this image, cell
density and adhesion of Candida albicans yeast cell
wall in the presence of this compound was declined,
compared with control group.
Biosynthesis of nanoparticles leads to ease of
extraction and the stability. Studies conducted in
this field have proved acceptable superiority
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FIGURE 10
The impact of the combined concentration of CdO Npsand fluconazole on growth of Candida albicans
under SEM; (a): at zero time; (b): at 2 h.

possible mechanism which was explained by the
previous reports [4]. In this study, biosynthesized
CdO Nps have probably accelerated the process of
inhibition of cytochrome P450 that prevented of
hyphae growth and biofilm formation in Candida
albicans by surrounding fluconazole.

concentration (MIC) of the nanoparticles of silver
and amoxicillin in single and combined forms.
Their results showed that silver nanoparticles and
the amoxicillin have little effect on the bacteria in
their single form. But when they are used in
combined form they enhance the effect of each
other [11]. In another study, Doty et al used of zinc
oxide nanoparticles in combination with 25
antibiotics against Staphylococcus aureus. Their
results showed that this method enhances the effect
of each of the two antimicrobial materials compared
to the single-material form [12]. In one study,
Shahverdi et al used silver nanoparticles with the
size of 22.5 nm together with the antibiotics
vancomycin, clindamycin, amikacin and penicillin
G against Staphylococcus aureus and Escherichia
coli. Their results showed that the combination of
silver nanoparticles enhances the effects of
penicillin G, amoxicillin and vancomycin [13]. In
another study Fayaz et al used combination of silver
nanoparticles and antibiotics such as ampicillin,
penicillin,
erythromycin,
kanamycin
and
chloramphenicol against gram-positive bacteria
(Staphylococcus aureus and Micrococcus luteus)
and Gram-negative bacteria (Escherichia coli and
Salmonella). Their data showed that the
combination of silver nanoparticles enhances the
effectiveness of antibiotics [14]. Compared with
other research results, our results also proved the
effectiveness of CdO Npsand fluconazole antibiotic
in combined form, compared to single form. The
main difference is used nanoparticles in this study
that were in biological form and against Candida
albicans biofilm. Possible mechanisms of
nanoparticles-antibiotic effect were described by
the researchers as follow: nanoparticles are at the
core and surrounded by antibiotics and this
combination on the surface of bacterial cells results
in faster destruction of bacterial cells by damaging
DNA structure; Faster transfer of antibiotics in the
case of combination with other nanoparticles is a

CONCLUSION
In this research, CdO Npswere biosynthesized
completely through reducing the cadmium ions by
biological molecules in Salvia officinalis extract.
Considering the potentiality of t this plant in green
product of CdO Nps, confirmed that, this herb can
be used as a suitable candidate for mass
biosynthesis of nanoparticles. These nanoparticles
also possess medicinal and anti-biofilm properties
against infections that are caused by the yeast
Candida albicans. The combination of these
nanoparticles with fluconazole antibiotic showed
that these two materials reinforce the effect of each
other and also showed synergistic behavior;
furthermore, led to reduction antibiotic resistance
against fluconazole and the side effects of this drug.
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properties. Besides, the knowledge of the mixed
flow properties in fluidized bed is scarce. The
measurement of pressure signals is simple and
accurate, which is used to study biomass flow and
EXEEOH¶V behavior. It is revealed that the pressure
fluctuation is caused by the formation of bubble,
coalescence, rupture and the flow of biomass
particles [9-12]. The frequently used method to
analyze the pressure fluctuation is Hilbert-Huang
transform (HHT), which is also suitable for
non-stationary signals [13-15]. At present, HHT has
been widely applied in various fields by researchers.
Wang et al. [16] studied the mixed flow of quartz
sand and biomass by application of HHT. Luo et al.
[17] found that the Hilbert spectrum of the pressure
signals was closely related to the gas velocity. Ding
et al. [18] reported that HHT was a useful tool for
the subsequent quantitative characterization of
gas±liquid two-phase flow. Wang et al. [19] used
empirical mode decomposition to decompose the
pressure fluctuation signals into several intrinsic
mode functions, and these modes were transformed
from the time domain into the frequency domain by
Hilbert transformation.
Despite much progress in the mixed
combustion and HHT analysis, there are still many
unsolved technical problems. Our aim here is to
investigate the change of the flow properties caused
by the biomass particles.

ABSTRACT
Hilbert-Huang transform is applied to analyze
the pressure signals and extract their corresponding
energy in fluidized bed. The pressure drop curves of
coal and biomass materials are very similar and the
initial fluidization velocity is around 1.74m/s. In
marginal
spectrums,
the
distribution
of
instantaneous frequency between 0~3Hz is
continuous and the amplitude is relatively high.
Conversely, the distribution of 5~20Hz is discrete
and nearly exist above 20Hz. The influence of
bubble on mixed flow is mainly reflected in the
variation of the energy concentrated in lower
frequency 0~1Hz. When the density of biomass is
smaller, it is easier to flow with coal particles and
harder to fall down. So the impact on bubble is
weaker. The IMFs energy of E3, E4 and E5 increase
obviously above the initial fluidization speed, and
their main frequency band is 1~10Hz, which is
caused by the flow of biomass particles. It is also
concluded that the smaller the biomass density the
more prominent the effect.

KEYWORDS˖
Hilbert-Huang transform; pressure signals; energy;
instantaneous frequency; biomass particles

INTRODUCTION
EXPERIMENTAL
As a huge energy consumed country, the
amount of coal in China has been very great. Too
much coal combustion has caused more and more
serious environmental problems, which are also
harmful to the health of residents [1-4]. Meanwhile,
the mixed combustion that combined the
advantages of coal and biomass can make
contributions to the pollutant emissions reduction.
However, traditional biomass is easy to escape
away from the fluidized bed because of the low
density. So, the solid biomass is selected in our
experiment, which has a high density and widely
used for co-combustion [5-8].
Compared with the coal particles, biomass are
relatively larger and will affect the mixed flow

Equipment. A fluidized bed, air supply
system and pressure sensors are included in the
experimental system. In order to observe the flow
properties of bubble and biomass particles, high
speed camera takes pictures through the organic
glass bed, which is 6mm thick and 1000mm high.
At the bottom, there are 126 open holes (1mm
diameter) on the air distribution plate used to ensure
the stability of the air. Meanwhile, there is a mesh
screen on the plate to prevent tiny particles into the
holes blocking the gas passage. The air supply
system contains air blower, flow meter and wind
chamber. Gas is provided by the air blower and
controlled by flow meter. Wind chamber is divided
3112
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according to the information of pressure signals, so
it can show the actual physical information in
fluidized bed. The way of processing the signals is:
the raw data sequence x(t) minus the average
envelope m1(t) and get a new data sequence h1(t).
Here, m1(t) is the mean of the upper envelope and
the lower envelope.
x (t )  m1 (t ) h1 (t )
˄1˅

into two parts and the middle is a porous plate,
which is also designed to stabilize the wind.
Pressure signals are measured by pressure sensors
at the height of 200mm over the air distribution
plate. In this experiment, the frequency for each
measurement is 100Hz and more than 1024 data are
collected every time.
Biomass and coal will flow out if the materials
height in bed is too high. Considering this, the
height of the materials (H) is 120mm and the
percentage of biomass (w) is 5%. Meanwhile, the
gas velocity is from 0.43m/s to 3.47m/s.

Repeat the above process k times, until the last
average envelope tends to zero, so that the first IMF
component I1(t) is as follows:
˄2˅
h1( k 1) (t )  m1k (t ) h1k (t )

I 1(t )

MATERIALS

The I1(t) represents the highest frequency part
of the original signals and a new separate data
sequence is obtained after the I1(t) is removed. With
the same decomposition, the raw signals x(t) can be
exactly reconstructed by Ii (t) and a residue rk(t):

In addition to coal, there are three kinds of
solid biomass in Fig.1, and their physical
characteristics are shown in Table 1. Molding
biomass and wood particles are cylindrical and the
density of molding biomass is greater than that of
wood particles. Coal particles are basically
spherical which have the largest density.

k

x (t )

Density

Shape

Coal
Molding
biomass
Wood
particles
Corn cob

2mm̚5mm

821kg/m3

Spherical

8mm*8mm

666 kg/m3

Cylindrical

8mm*8mm

442 kg/m3

Cylindrical

5mm̚8mm

158 kg/m3

Irregular

i

k

˄4˅

Where Ii(t) is the IMF component and k is the
total number of IMFs. Take the original signals Io
for example, which can be decomposed into seven
IMF components.
Each IMF component Ii(t) is transformed by
the following equation [21]:
f I (W )
1
i
˄5˅
Hi t
P³
dW
f
S
t W
Consequently, the original signals x (t) can be
expressed as follows:
k

x (t )

j wi ( t ) dt
Re ¦ ai (t )e ³

˄6˅

i 1

Where ai(t) is the instantaneous amplitude and
wi(t) is the instantaneous frequency. In Fig.2, the
horizontal axis shows the sampling time and the
vertical axis represents the instantaneous frequency
of the IMFs. The right color chart indicates the
normalized amplitude of the time-frequency. The
lighter the color, the larger the amplitude.

TABLE 1
Physical properties of biomass materials and
coal in fluidized bed
Diameter

¦ I (t )  r (t )
i 1

FIGURE 1
Solid biomass (a: molding biomass; b: wood
particles; c: corn cob)

Materials

˄3˅

h1k (t )

Hilbert-Huang transform. Hilbert-Huang
transform is a new method for analyzing non-linear
signals, which consists of two important parts:
empirical mode decomposition (EMD) and Hilbert
transform (HT). EMD is utilized for exacting
intrinsic mode functions (IMFs) from the signals.
The instantaneous frequency and amplitude can be
calculated based on IMFs after the Hilbert
transform [20]. Because EMD is decomposed

FIGURE 2

Hilbert-Huang spectrum in fluidized bed
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0~3Hz, scattered in 5~20Hz and rarely exist above
20Hz in the Hilbert-Huang spectrum. According to
the marginal spectrum in Fig.4, the energy is
reduced slightly on the time axis. The overall
energy of the signals is quite high and the
maximum amplitude is about 0.23 in low frequency.
Fig.5 is the Hilbert-Huang spectrum and
marginal spectrum of coal and wood particles at
2.17m/s. Wood particles are the same size as
molding biomass, but the density is lower. So the
mixed flow is different from molding biomass. In
the Hilbert-Huang spectrum, the frequency of
0~1Hz is more bright and consecutive. The
frequency distribution above 5 Hz is sparse and the
average amplitude is nearly zero. However, the
maximum amplitude in marginal spectrum is larger
than that of Fig.4, which is about 0.35.
The comparison of Fig.4 and Fig.5 shows that
the biomass density has affected the mixed flow.
$FFRUGLQJ WR :DQJ¶V UHVHDUFK [16], the low
frequency signals in mixed flow are mainly
influenced by the bubble. In the frequency of
0~1Hz, the smaller the density, the greater the
instantaneous amplitude and the brighter the
instantaneous frequency. In the same gas speed, the
lower density biomass (wood particles) are easier to
raise, but difficult to fall down. So the impact on
bubble is not particularly significant. The larger
density biomass is more likely to fall and cause the
bubble to burst, resulting in the discrete distribution
of energy on the timeline.
The influence of density is further verified by
fig.6, which is the mixed flow of coal and corn cob.
The corn cob density is small to 158 kg/m3, but the
amplitude of 0~1Hz is the largest. Compared with
fig.5, the instantaneous frequency of 0~5Hz is more
continuous and brighter. The distribution of
amplitude on the time axis is fairly uniform above
5Hz.

RESULTS AND DISCUSSION
The minimum fluidization velocity. There is
a relationship between the pressure drop (P) and
the gas speed (u) showed in equation 7, which is a
way to measure the minimum fluidization
velocity[22]. In the fixed bed, the pressure drop and
air speed are basically linear. With the increase of
air velocity, the pressure drop is gradually rising.
When the air speed reaches a fixed value, the
pressure drop does not change and this is called the
static pressure in fluidized bed [23-25]. Meanwhile,
the system is in the critical state of fixed bed and
fluidized bed.

'p
(1  H) 2 uP
(1  H) u Uf

150
1.75
H
dv
H3 d v 2
H3

˄7˅

H -height
'p - pressure drop
H - bed porosity
u -gas velocity
P - dynamic viscosity Uf - fluid density

d v - equivalent diameter

FIGURE 3
The minimum fluidization velocity of different
materials in fluidized bed

Energy characteristics extracted. The
frequency component of the pressure fluctuation
signals is decomposed from high to low by EMD,
and energy from IMF1 to IMF7 is also extracted as
E1 to E7. Marginal spectrums of IMF1̚IMF7
have their corresponding frequency ranges, which
are gradually reduced. The frequency of IMF2 is
mainly distributed in 10~20Hz, IMF3 in 5~10Hz,
IMF4 in 1~5Hz, IMF5 in 1~3Hz and IMF6 and
IMF7 are all below 1Hz.
In order to analyze the variation of
instantaneous frequency in different ranges, the
energy of each IMF component (E) is defined as the
following equation˖
n
˄8˅
E
a 2 (t )

Fig.3 is the diagram between pressure drop
and gas speed in fluidized bed. When the content of
biomass is 5%, the three pressure drop curves are
similar and the influence on the critical fluidization
velocity is very weak. During the range of 0.5m/s̚
1.5 m/s, the pressure drop is proportional to the
increase of air speed. However, the pressure drop is
maintained at 3100 Pa when the speed is greater
than 1.74m/s, which is called the minimum
fluidization velocity.
Hilbert-Huang transform. In engineering
applications, the fluidization state is always
concerned. In order to better research the
fluidization situation, the air speed 2.17m/s is
selected for spectrums analysis. During the mixed
flow of coal and molding biomass, the
instantaneous frequency is continuous between

k

¦
i
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FIGURE 4
Hilbert-Huang spectrum and marginal spectrum (coal+5% molding biomass, u=2.17m/s)

FIGURE 5
Hilbert-Huang spectrum and marginal spectrum (coal+5% wood particles, u=2.17m/s)

FIGURE 6
Hilbert-Huang spectrum and marginal spectrum (coal+5% corn cob, u=2.17m/s)
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influence of biomass particles on the IMFs energy
distribution, the gas speed 2.17m/s in fluidization
state is selected. The energy of IMF1 is the largest
and the IMF7 is the smallest, which is decreased
gradually from E1 to E7 as shown in Table.2. This
is consistent with the conclusions of the Fig.7.
During the mixed flow of coal and wood particles,
E3, E4 and E5 are greater than that of the E1 and
E2, which is also the same with the conclusions
from the Fig.8.
FIGURE 7
The energy distribution at different gas velocity
(coal+5% molding biomass)

TABLE 2
The IMFs energy of coal and biomass in
fluidized bed (u=2.17m/s)

Fig.7 is the distribution of IMFs energy at
different air speed. When the gas velocity is lower
(u<1.74m/s), the energy of each IMF is relatively
stable and the fluctuations are weak. The higher the
frequency, the greater the energy. E1 is the largest
and E7 is the smallest. When the speed gets to the
fluidization velocity (u=1.74m/s), the E3, E4 and
E5 increase slightly. The corresponding energy is
allocated in 1~10Hz, which is mainly due to the
flow of the molding biomass particles. However,
this effect is not noticeable, mainly due to the small
relative density of coal and biomass.

E1
E2
E3
E4
E5
E6
E7

Coal+5%
molding
biomass

Coal+5%
wood
particles

43.78
18.75
17.97
7.35
10.05
0.48
0.24

5.35
3.79
9.93
7.78
7.96
0.89
0.63

Coal
+5%
corn
cob
15.29
19.15
37.80
31.82
35.53
2.94
0.92

As the biomass density continues to decrease,
the energy of E3, E4 and E5 increases significantly
in the mixed flow of coal and corn cob. It is also
showed that the energy is far greater than the
molding biomass and wood particles in Fig.9,
which is further proof of the effect of biomass
density. Meanwhile, the influence of biomass size
on the mixed flow is worthy of being studied. The
energy distribution of E6 and E7 also indicates the
behavior of bubble in fluidized bed. With the
decrease of the biomass density, the energy in the
frequency of 0~1Hz is increasing, which is also
consistent with the results in Fig.6~8.

FIGURE 8
The energy distribution at different gas velocity
(coal+5% wood particles)

Fig.8 is the energy curve in the mixed flow of
coal and wood particles. It is further explained that
the pressure fluctuation in the frequency of 1~10Hz
is obviously influenced by the biomass particles.
Although the overall energy of wood particles
mixed with coal is much less than that of molding
biomass and coal, but the E3, E4 and E5 increase a
lot. This can be explained by the fact that the
density of wood particles is small and easy to flow.
The large density difference between biomass and
coal makes energy increase in the frequency of
1~10Hz.
In order to make new contributions to the

FIGURE 9
The IMFs energy distribution of different
biomass and coal
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Analysis of cold flow fluidization test results
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of Chemical Engineering of Japan 21, 515-521.
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Mathematical ˈ Physical and Engineering
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fault diagnosis using FFT of intrinsic mode
functions
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Hilbert-Huang
transform.
Mechanical systems and signal processing 21,
2607-2615.
[15] Yang, Z., Yu, Z., Xie, C. and Huang, Y. (2014)
Application of Hilbert-Huang Transform to
acoustic emission signal for burn feature
extraction in surface grinding process.
Measurement 47, 14-21.
[16] Wang, X., Zhong, Z., Wang, H. and Wang, Z.
(2015)
Application
of
Hilbert-Huang
transformation in fluidized bed with
two-component (biomass particles and quartz
sands) mixing flow. Korean journal of chemical
engineering 32, 43-50.
[17] Luo, L., Yan, Y., Xie, P., Sun, J., Xu, Y. and
Yuan, J. (2012) Hilbert-Huang transform, Hurst
and chaotic analysis based flow regime
identification methods for an airlift reactor.
Chemical engineering journal 181, 570-580.
[18] Ding, H., Huang, Z., Song, Z. and Yan, Y.
(2007) Hilbert-Huang transform based signal
analysis for the characterization of gas-liquid
two-phase flow. Flow measurement and
instrumentation 18, 37-46.
[19] Wang, C. H., Zhong, Z. P. and Wang, X. Y.
(2014) Simulation of gas-molding Flow in
rectangular Spouted Bed by coupling
CFD-DEM and LES. Canadian Journal of
Chemical Engineering 92, 1488-1494ˊ
[20] Huang, N.E., Shen, Z. and Long, S.R. (1999) A
new view of nonlinear water waves: The

CONCLUSIONS
In this paper, the mixed flow of different kinds
of biomass with coal is investigated respectively by
HHT spectrum and marginal spectrum. The
different pressure drop curves of biomass and coal
are similar and the initial fluidization velocity is
around 1.74m/s. In the marginal spectrum, the
distribution of instantaneous frequency between
0~3Hz is continuous, and the corresponding
amplitude is relatively high. However, the
instantaneous frequency of 5~20Hz is discrete and
barely exist above 20Hz. The smaller the density of
biomass particles, the more easy to flow. The
energy of E3, E4 and E5 increase obviously after
the minimum fluidization velocity and the main
frequency band is 1~10Hz which is caused by the
flow of biomass particles. It is also found that the
smaller the biomass density, the more prominent the
effect.
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the un-ionized form [4-5-6-7]. The equilibrium
between the two forms of ammonium is controlled
primarily by pH and temperature [8]. If pH
increases by one unit, the amount of toxic unionized ammonia increases about 10 times [9]. The
average of the mean acute toxicity values for 32
freshwater species is 2.79 mg NH3/L [10].
Ammonia is converted to nitrite, its intermediate
oxidative product, which is still toxic to aquatic
animals [11]. Elevated nitrite concentrations cause
great problems in intensive culture of commercial
fish species and ornamental fish [12-13].
Nitrite is an intermediate product in the
oxidation of ammonium to nitrate. Nitrite is a wellknown toxicant for fish. It is a disrupter of multiple
physiological functions including ion regulatory,
respiratory, cardiovascular, endocrine and excretory
processes as well [14].
There are numerous studies on toxicity effects
of ammonia and nitrite on a variety of fish [4-5-6-712-15-16-17-18], but not on angelfish. Vedel et al.
[19] studied isolated and combined exposure to
ammonia and nitrite in rainbow trout (O. mykiss).
The purpose of this study was to determine
acute toxicity levels (LC50) of un-ionized ammonia
nitrogen and nitrite nitrogen in Angelfish, P.
scalare. Furthermore, red blood cell (erythrocyte)
sizes were examined.

ABSTRACT
Angelfish (Pterophyllum scalare, 1.54±0.03 g,
n=500) were exposed for 24, 48, 72 and 96 hours to
different concentrations NH3-N (0.2-2 mg/L), and
NO2-N (1-35 mg/L) at pH 7.2±0.3. Using Probit
analysis, 50% lethal concentrations (LC50) and 95%
confidence limits were calculated. The effects of
ammonia (0.7 mg NH3-N/L and 10 mg NO2-N/L)
nitrite to the red blood cells size were also
investigated in this study. As a result of the study,
24, 48, 72 and 96 hours LC50 values of ammonia
nitrogen (NH3-N) for angelfish were determined as
0.99, 0.75, 0.65 and 0.58 mg/L; and nitrite nitrogen
(NO2-N) values were calculated as 29.38, 12.30,
7.98 and 6.28 mg/L. respectively. In the
examination of blood smear, red blood cells were
determined oval shaped (erythrocytes and its nuclei
size), and their sizes were measured and evaluated
as long and short axes. It was also determined that,
exposed to ammonia and nitrite, erythrocyte
morphology had changed that was statistically
different from each other (P<0.05).
KEYWORDS:
Ammonia, Erythrocyte, Angelfish, Acute Toxicity Test,
LC50, Pterophyllum scalare

INTRODUCTION
MATERIAL AND METHOD
Angelfish, (Pterophyllum scalare), is native to
the Amazon basin, and distributed worldwide as
aquarium fish [1]. This fish is one of the few fish
species found in pet stores that originate from
genuinely wild and captive stocks [2]. Angelfish
prefers soft and low pH (6.5), and 27-30°C water
temperatures [3]. The animals exposed to elevated
concentrations of nitrogenous wastes increases as a
result of high density aquaculture, particularly
ammonia and nitrite [4-5].
In aquatic systems, ammonium may exist in
both the un-ionized (NH3- toxic) and the ionized
(NH4+-non toxic) form. The toxicity of ammonium
to aquatic organisms has primarily been linked to

This study was conducted by RTEU Fisheries
Faculty Aquarium Unit. Angelfish (P. scalare) of a
standard length of 3.2±0.03 cm (2.2 - 4.1 cm) and
average weight 1.54±0.03 g (0.83 - 2.55 g n=500)
was used. They were produced at the aquarium unit
of the institute from healthy fish (3-4 months old).
Glass tanks of 25 L capacity each were used
with 15 L water volume. Tap water stored for at
least 48 hours. Water temperature was 24.5±0.5°C;
pH 7.2±0.2; dissolved oxygen 7.1±0.4 mg/L; nitrate
<0.5 mg/L, nitrite, ammonia, carbon dioxide 0
mg/L, hardness 40±2.0 mg/L (as CaCO3), alkalinity
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swimming erratically (circular swimming and
loss of equilibrium) were observed.
Median lethal concentration (LC50) and their
respective confidence intervals (95%) after being
exposed to either ammonia or nitrite during 24, 48,
72, and 96 h were calculated using the probit
analysis in SPSS (version 13.0). Three preparations
were prepared for each fish. Blood smears were air
dried. May-Grunwalt Giemsa method was used for
the staining of the blood samples. Erythrocytes
measurements were observed according to the
Protocol K [22] using Leica DM 750 with ocular
micrometer.
Statistical analysis. The 24, 48, 72, 96 h LC50
values and their confidence intervals were
evaluated from probit analysis using SPSS 13.0 for
Windows. The effects of nitrite and ammonia on
erythrocytes in each parameters observed, were
made by one-way ANOVA followed by the Test of
Tukey and Kruskal-Wallis.

23.2±1.8 mg/L (as CaCO3), total chloride 10 mg
Cl2-/L. No pH adjustment was applied.
Angelfish were exposed for 24, 48, 72 and 96
hours to different concentration of NH3-N (0.2-2
mg/L), and NO2-N (1-35 mg/L). The desired
concentrations were obtained from stock solutions
made with reagent grade sodium nitrite (NaNO2)
and ammonium chloride (NH4Cl) at pH 7.2. Using
probit analysis, 50% lethal concentrations (LC50)
and 95% confidence limits were calculated
individually for each experiment. The experiments
were run separately with different groups of fish
from the same acclimation glass aquaria, with both
experiments having controls where no toxicant was
added. The test concentrations and the controls
were all conducted with ten fish (all treatments
were conducted triplicate).
Toxicity trials were run in semi static system
as mentioned in the publication OECD [20], where
water and the toxicant were %50 replaced every
day. Glass aquaria volume was 15 L, stocking
density was equal to 10 fish per test glass aquaria
and water was constantly aerated through air stones.
Temperature was maintained at 24.5±0.5°C. During
WKH WULDOV ILVK ZHUHQ¶W IHG :LWK WKH VWDUW RI WKH
experiment observations were made in three hours¶
time periods and dead fish were recorded and
removed.
The concentration of un-ionized ammonia
(NH3) and un-ionized ammonia nitrogen (NH3-N)
were calculated according to Zhang et al. [21].
Fish were considered dead when they were
motionless on the bottom, exhibited no opercular
movement, and presented no response to
mechanical stimuli. To evaluate toxicity on
swimming behavior, the number of fish motion
makes it look like feeding and the number of fish

RESULTS
Un-ionize Ammonia Toxicity. There was no
mortality during the acclimation period before and
after experiments and no control fish died during
and after the toxicity tests. Juvenile angle fish
mortality increased as the combination of ammonia
concentration increased, LC50 values were
calculated for 24, 48, 72, 96 hours as 0.986, 0.751,
0.654, 0.576 mg/L NH3-N respectively (Table 1).
Nitrite Toxicity. The NO2-N toxicity LC50
values were determined for 24, 48, 72 and 96h as
29.375, 12.291, 7.982 and 6.282 mg/L respectively
(Table 2).

TABLE 1
LC50 values of ammonia nitrogen exposure to angelfish
pH
Temp.

7.2±0.3
25±0.5 °C

NH3-N (mg L-1)
LC50 24

LC50 48

LC50 72

LC50 96

0.986
(0.783-1.613)

0.751
(0.594-0.769)

0.654
(0.539-0.802)

0.576
(0.288-0.639)

TABLE 2
LC50 values of nitrite nitrogen exposure to angelfish under 7.2±0.3 pH and 25±0.5 °C conditions.

NO2-N (mg L-1)
Min. ± Max.

LC50 24 hour

LC50 48 hour

LC50 72 hour

LC50 96 hour

29.375
(23.852-44.509)

12.291
(6.693-16.639)

7.982
(3.329-11.026)

6.282
(1.926-8.879)
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between them according to Kruskal-Wallis
Tukey test (P<0.05).

Erythrocyte Measurements. Erythrocyte
sizes were determined as long and short axis of cell
and nuclei long and short axis length. The
erythrocyte long axis of the control, nitrite and
ammonia groups were determined as 12.625±0.131
μm, 12.374±0.151 μm, 12.193±0.126 μm
respectively (Figure 1, P>0.05). Short axis length of
the erythrocytes determined in the control, nitrite
and ammonia groups as 6.605±0.067, 7.753±0.097,
7.959±0.081 μm respectively (Figure 2). According
to statistical analysis, the data showed normal
distribution, not showed covariance and that there
are differences between them according to KruskalWallis Tukey test (P<0.05). As a result of statistical
analysis, long axis length of erythrocyte did not
change but the size of the short axis and the nuclei
was influenced. Compared by the long axis of
erythrocytes, the data showed a homogeneous
distribution and the covariance, there was not any
difference according to One Way Anova test.
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FIGURE 3
Long axis size of nucleus of angelfish
erythrocytes (μm)
The short axis of erythrocyte nucleus of
control nitrite and ammonia groups was measured
as 3.134±0.034, 4.043±0.053 and 3.615±0.057 μm
respectively (Figure 4). As a result of the analysis,
the data showed normal distribution, but did not
show covariance. According to Kruskal-Wallis
Tukey test the differences between them were
found to be important (P<0.05).
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FIGURE 1
Long-axis length of angelfish erythrocyte (μm).
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FIGURE 4
Short-axis size of nuclei of angelfish erythrocytes
(μm)
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Ammonia and nitrite are very important
nitrogenous toxicant that can cause toxic effect on
aquatic vertebrata such as fish [14-19]. Early
reported researches on the toxic effects of ammonia
to fishes implicated un-ionized ammonium (NH3)
as being toxic, and ionized ammonium (NH4+) was
considered nontoxic or appreciably less toxic [419].
The toxicity of NH3-N and NO2-N to different
fish species has been studied by several researchers.
Some of them were related to the effects of acute

FIGURE 2
Short axis size of angelfish erythrocytes (μm).
Long axis lengths of nucleus of erythrocytes
determined control, nitrite and ammonia group
5.728±0.048, 5.935±0.054 and 5.158±0.077 μm
respectively (Figure 3). As a result of the analysis,
the data showed normal distribution, but not
showed covariance and to be important differences
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swelling and diminishing of red blood cells,
irreversible blood damage. We also determined
changes in the red blood cell shapes. The long axis
of erythrocyte size did not show differences
statistically between control and ammonia and
nitrite experiments. On the other hand erythrocyte
short axis and nuclei long and short axis of nitrite
and ammonia groups were greater than the control
statistically. This meant that erythrocytes were
swollen.
The harmful effects of ammonia and nitrite on
aquatic animals have attracted lots of attention in
recent years. Especially in aquacultural facilities
with RAS systems or aquarium systems, high levels
of nitrite and ammonia have been found to cause
intense physiological illness and mortalities.
Determination of toxic effects of ammonia and
nitrite on angelfish and calculation of LC50 values
will be useful for aquarists.

ammonia and nitrite was studied for 24, 48, 72 and
96 hours [5-7-15-16-21-23-24-25-26-27] on
different fish species. Besides, some researchers
investigated the chronic effects of ammonia and
nitrite on growth and reproduction [4-6-18-28].
The estimation of the lethal limits of ammonia
is hampered by a number of factors and is known to
vary with species, other water-quality parameters,
experimental methods, and the age, acclimation
history and the condition of the test animals. For
example, Weirich et al. [25] reported that, LC50 of
NH3-N (96 h) ranged from 0.32 to 0.60 mg/L for
sunshine bass depending on calcium, and LC50 of
NO2-N (96 h) was 12.8 mg NO 2-N/L over all
calcium concentrations. Howell and Baynes [29]
mentioned that lethal limits for teleosts appear to
range from about 0.07 mg NH3-N/L for rainbow
trout fry to 1.4 mg NH3-N/L for juvenile striped
bass (Morone saxatilis). In our study we estimated
similar LC50 of NH3-N (96 h) concentrations as
found by Rodrigues et al. (2007) for juvenile cobia
and Adelman et al. [30] for juvenile Topeka shiner.
Our results indicated that the juvenile angle fish
was more tolerant of un-ionize ammonia nitrogen
than cardinal tetra [21] and pacu fish [15]. In our
experiment we studied the toxic effect of NH3-N
and NH3-N on angelfish (P. scalare), and
determined 0.986 mg NH3-N /L was effective in
killing 50% of the angle fish within 24 hours and
0.576 mg NH3-N/L killed 50% of the angle fish in
96 hours.
In this study we estimated 96 h LC50
concentration as 6.28 mg NO2-N/L was toxic to
juvenile angle fish. Higher LC50s were reported by
Lewis and Morris [31] for some warm water
species and Dolezelova et al. [12] for zebrafish and
guppy. The most sensitive fish was cardinal tetra
with the LC50 of 0.34 mg NO2-N/L [16] whereas in
zebrafish the LC50 of 242.6 mg NO2-N/L [12], in
yellow catfish, the LC50 of 69-196 mg NO2-N/L
[21] , in juvenile cobia the LC50 of 210 mg NO2N/L [5]. It could be concluded that juvenile angle
fish is similarly sensitive to nitrite nitrogen as pikeperch (LC50 96h: 7.5 mg NO2--N/L [26]). Lewis and
Morris [31] mentioned that, depending on the fish
species, the addition of 1 mg/L chloride increases
the 96 h LC50 by 0.29-to 2.0 mg/L NO2-N. In
rainbow trout (pH: 7.7 and Cl-: 10 mg/L), 3 mg
NO2--N/L caused to death 50% of fish within 96
hours. As well as in studies on hot water fish 7 with
182 mg/L nitrite nitrogen killed of 50% of the fish
on different types in 24-96 hours have been
demonstrated [31]. These findings are similar to
results of our studies.
Different from other studies, the morphology
of red blood cells was investigated in this study.
There are very limited data on red blood cells shape
and size differentiation. Thurston et al. [28]
reported that 0.06 and 0.4 mg NH3/L can cause
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ABSTRACT
The purpose of the study was to determine
metal pollution and ecological risk in the sediments
and sediment pore water around Trabzon harbor.
Concentrations of metal (Cr, Cu, Pb, Zn, Ni and
As), were determined from 9 sites in May, 2014.
Metal concentrations in sediments were varied from
22.3 to 83.7 μg g-1 for Cr, 54.3 to 246.8 μg g-1 for
Cu, 67.2 to 253 μg g-1 for Zn, 50.1 to 117.3 μg g-1
for Pb, 23.4 to 98.7 μg g-1 for Ni, 12.3 to 52.6 μg
g-1 for As. Metal concentrations in sediment pore
water were varied from 4.14 to 12.41 μg kg-1 for
Cr, 13.21 to 32.1 μg kg-1 for Cu, 22 to 44.75 μg
kg-1 for Zn, 10.72 to 36.51 μg kg-1 for Pb, 3.72 to
14.1 μg kg-1 for Ni, 3.12 to 7.78 μg kg-1 for As.
Metal concentrations were determined using a
inductively coupled plasma-mass spectrometer
(ICP-MS). With the purpose of determining the
level of pollution, the potential ecological risk
index (RI), the methods of sediment enrichment
factor (SEF), pollution load index (PLI),
geoaccumulation index (IGEO) and sediment
quality guideline (SQG) were applied. Based upon
the results from this study, Cu, Pb, Zn and As can
be considered as a major contributor to toxicity
around Trabzon harbor.
KEYWORDS:
Heavy metal, Pollution level, Ecological Risk Assesment,
Factor analysis

INTRODUCTION
Trabzon harbor is located near the district
center of Trabzon city with an increasing
population and industrial activity is located around
on northeast Turkey, Black Sea coast. Trabzon
harbor has been reported that it is the most active
port of the regions as freight forwarding [1].
Harbors are enclosed and limited exchange water
resources. Additionally, they tend to take serious
metal inputs from marinas, shipping activities,
loading and unloading operations, industrial and

urban discharges [2]. Especially, ore processing,
smelting and refining operations can cause
deposition of large quantities of metals, such as Cu,
Pb, Ni, Zn, As, Co into drainage basins or direct
discharge into aquatic environments [3]. The river
of Degirmendere, which is exposed to densely
anthropogenic pollution, is discharged from the
coast of Trabzon Harbor to Black Sea and affects
the inside and outside of the Harbor in this way [4].
Heavy metals are of considerable environmental
concern due to their toxicity, wide sources, nonbiodegradable properties and accumulative
behaviors [5]. Depending on hydrodynamics,
biogeochemical processes and environmental
conditions of rivers, sediments act as an important
sink of heavy metals [6]. Also, the sediments are
indicators of aquatic environment pollution, and the
metal concentration in sediments and sediment pore
water can reflect the aquatic pollution level [7].
With this aim, Sediments for heavy metals are used
to toxicity identification, sediment quality
assessment and digenetic studies [8,9]. The
Potential Ecological Risk Index (RI) is a
methodology developed by Hakanson [10] to
evaluate the ecological risk of heavy metals in
sediments. The RI considers both the toxicities and
total contents of heavy metals, the chemical
speciation is neglected. Also, The Sediment
Enrichment Factor (SEF), Pollution Load Index
(PLI), Geoaccumulation Index (IGEO) and Sediment
Quality Guideline (SQG) are commonly used
methods to determine the pollution load in sediment
layer of aquatic environment [11]. In this study,
these methods were used to determine the level of
pollution in Trabzon harbor. The goal of this
research was to determine the spatial changes in the
natural and anthropogenic heavy metal pollution in
sediment are sediment pore water in Trabzon
harbor.
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FIGURE 1
Map of study area
MATERIALS AND METHODS
n=(VV/VT)*100
Sediment sampling was conducted around
Trabzon harbor (Figure 1). An orange peel bucket
sampler was used to collect sediment samples at 9
different stations in May 2014. The stations were
chosen so as to cover the metal pollution affected
area.
The samples were placed in polyethylene bags
using a clean plastic spatula to prevent
contamination. After collection, all samples were
placed in refrigerator, and transported to the
laboratory where they were stored at ± Û& XQWLO
being analyzed [3]. Prior to analysis, samples were
GULHG DW  Û& For general physical properties of
the sediment around Trabzon harbor, sediment
samples were sieved using distilled water in an AS
200 vibratory sieve shaker (Retsch, Germany). For
metal analysis, sediment samples were sieved to
pass <63 μm because metals exhibits usually a
higher affinity to small grains [12]. Pore waters
were separated from the sediment layers by
centrifugation at 10,160 rcf x JIRUPLQDWÛ&
and filtered through 0.45 μm cellulose acetate
membranes. Filtration and subsequent manipulation
of the samples were carried out in a glove box
under argon atmosphere in avoid alteration of the
initial conditions [13]. Pore water samples were
acidified with suprapure HCL (pH < 2). The
volume fraction of porosity (n) can be defined as
the reaction of void space (VV) relative to the
apparent total bulk volume (VT) of the sample.
Porosity is described in percentage [14].

(1)

Temperature, salinity, pH and oxygen were
measured using a Hach Lange HQ40D multi meter.
Metal concentrations were determined using an
inductively coupled plasma-mass spectrometer
(ICP-MS) analysis in ACME Lab., (Vancouer, BC.
Canada). The accuracy of the analysis was ranged
from 95.81 % to 130.50 %. The detection limits for
metals in sediment were 1 for μg g-1 Cr, 0.1 for μg
g-1 Cu, 1 for μg g-1 Zn, 0.1 for μg g-1 Pb, 0.1 μg g-1
Ni, 0.5 for μg g-1 As, and 0.01 % for Al. The
detection limits for metals in sediment pore water
were 0.5 μg kg-1 for Cr, 0.1 μg kg-1 for Cu, 0.5 μg
kg-1 for Zn, 0.1 μg kg-1 for Pb, 0.2 μg kg-1 for Ni,
0.5 μg kg-1 for As and 1 % for Al. The Potential
Ecological Risk Index (RI) is introduced to assess
the ecological risk degree of heavy metals in
sediments, which was originally proposed by
Hakanson [10]. The following equations were used
to calculate the value of RI:

Cif =CiD /CiR

(2)

Eir =Tri ×Cif

(3)

m

RI= ¦ E ir
i=1
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TABLE 1
Indices and classification of potential ecological metals contamination
Grade of
ecological risk
of single metal

E ir
E ir <40

Low risk

RI value

Grade of potential
ecological risk
of environment
Low risk

40 d E  80

Moderate risk

RI<150
150 d RI  300

80 d E  160

Considerable risk

300 d RI  600

Considerable risk

160 d E  320

High risk

RI t 600

Very high risk

E t 320

Very high risk

i
r

i
r

i
r

i
r

Where RI is the sum of potential risk of
i
individual heavy metal; E r is the potential risk of
i
individual heavy metal; Tr is the toxic-response
i
factor for a given heavy metal; Cf is the
i
contamination coefficient; CD is the present
i
concentration of heavy metals in sediments; CR is
the pre-industrial record of heavy metal
concentration in sediments. According to Hakanson
i
approach, the Tr factors for Pb, Cd, As, Cu, Cr, Zn
and Ni 5, 30, 10, 5, 2, 1 and 5, respectively. The
E ir and RI defined categories by Hakanson [10] as
shown in Table 1.
The methods of SEF, PLI and IGEO to be
performed for pollution determination were
described by Ozseker et al. [11] in more
comprehensive way. The relation between the metal
values belonging to study area was evaluated with
6SHDUPDQ¶VUDQN correlation analysis [15]. With the
aim of easier understanding of the relations between
the concepts regarding data set achieved, the basic
factors in associated with data set were determined
by applying factor analysis [16]. Statistical analysis
was performed using SPSS 15. Moreover,
geostatistical analysis was used to create a
statistical valid prediction surface which represents
data variability and spatial relationships to examine
global and local trends. For this purpose,
geostatistical analysis was monitored using GIS
technologies [17]. Although there are different
interpolation methods for used to create a surface
grid, the inverse distance weighted (IDW) method
was chosen to represent in study area [18].

Moderate risk

porosity, pH, temperature, salinity and oxygen were
ranged from 35.5 to 53 %, from 7.11 to 8.10, from
WRÛ&IURPWR ÅIURP
to 8.50 mg/L, respectively (Table 2).
Metal concentrations in samples collected
from the study area were given in Figure 2. Metal
concentrations in sediments were varied from 22.3
to 83.7 μg g-1 for Cr, 54.3 to 246.8 μg g-1 for Cu,
67.2 to 253 μg g-1 for Zn, 50.1 to 117.3 μg g-1 for
Pb, 23.4 to 98.7 μg g-1 for Ni, 12.3 to 52.6 μg g-1 for
As. Metal concentrations in sediment pore water
were varied from 4.14 to 12.41 μg kg-1 for Cr,
13.21 to 32.1 μg kg-1 for Cu, 22 to 44.75 μg kg-1 for
Zn, 10.72 to 36.51 μg kg-1 for Pb, 3.72 to 14.1 μg
kg-1 for Ni, 3.12 to 7.78 μg kg-1 for As. The highest
metal concentrations were determined in D6 and D7
stations (Figure 2).
The differences of data would easily be
demonstrated using GIS as an important tool for the
analysis and display of all kinds of temporally
collected spatial data and their related attributes
[19]. For this purpose, GIS is a widely used in
ecological research. Such as, Nuket et al., [20]
conducted research assessment of landscape in the
.Õ]ÕOÕUPDN GHOWD XVLQJ *,6 ,Q WKLV VWXG\ VSDWLDO
distribution of metal concentrations was determined
using the GIS technologies. In addition to,
according to IDW, one of the interpolation
methods, the highest metal concentrations have
been seen stations of D6 and D7, in the inner
harbor, water circulation was not well enough
(Figure 3; Figure 4).

RESULTS AND DISCUSSION
General properties were given in Table 1 in
surface sediment and pore water around Trabzon
harbor. The sand fractions were generally dominant
(>60 %) in the surface sediments. Also, values of
3127
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TABLE 2
General properties of sediment and pore water around Trabzon harbor
Deepth
Area
(m)
D1
34
D2
1.5
D3
15
D4
47
D5
10
D6
12
D7
11
D8
18
D9
24

a.

Gravel
(%)
1.3
8.5
2.7
0.65
1.1
0.87
0.95
6.4
7.1

Physical properties
Sand
Clay
Porosity
(%)
(%)
(%)
75.59 23.11
41
79.29 12.21
42
88.40 8.90
35.5
60.66 38.69
53
84.75 14.15
36
66.98 32.15
51
64.89 34.16
51.5
84.19 9.41
36.5
84.20 8.70
36.5

Temperature
Û&
13.4
10.1
14.2
13.2
14.8
14.8
15.1
14.1
13.8

Salinity
Å
17.62
14.46
17.57
17.64
17.54
17.55
17.55
17.58
17.6

pH
7.57
8.1
7.45
7.38
7.34
7.11
7.12
7.82
7.74

Chemical properties
Oxygen
Oxygen
(%)
(mg/L)
68.4
7.05
74.3
8.5
72.6
7.38
62.4
6.45
73.3
7.35
65.1
6.11
64.3
6.08
74.2
7.46
73.8
7.44

FIGURE 2
Change of the metal concentrations belong to stations
Metal concentrations in sediment
b. Metal concentrations in pore water

Harbors are enclosed and low-energy water
bodies. It was reported in the literature that
accumulation is enhanced in enclosed and semienclosed areas [21]. Mean values of Cu, Zn, Pb and
As in sediments were higher than the reference
values (WASW, CCV, TRV), whereas the mean
values of Cr and Ni were less than reference values
[22,23,24]. Mean values of Cu and Pb in sediment
pore water were higher than reference value
(WQC), whereas the mean values of Cr, Zn, Ni and
As less than reference value [25] (Table 3).
According to the Sediment Quality Guideline
(SQG) proposed by US EPA, sediment was
classified into three classes, non-polluted,
moderately polluted and heavily polluted [21]. The
average metal values of stations were compared
with the SQG (Table 3). According to this
classification, Cr, Zn and Ni were determined as
moderately polluted. But, Cu, Pb and As were
determined
as
heavily
polluted.
Metal

concentrations in sediment were evaluated by
comparing to numerical SOG which is known as
the effect range low (ERL) and effect range median
(ERM), the threshold effect level (TEL) and
probable effect level (PEL) values [26]. Low-range
values (i.e., ERL or TEL) are concentrations less
than those expected not to cause adverse effects in
sediment dwelling fauna. In contrast, the ERM and
PEL represent chemical concentrations above
which adverse effects are likely to occur [21].
Concentrations of Cu, Pb, Ni and As were over
TEL and ERL value in the investigated region. But,
Concentrations of Cu, Pb, Ni and As were below
ERM and PEL value in investigated region.
Concentration of Cr was below TEL, ERL, ERM
and PEL value in the investigated region (Table 3).
6SHDUPDQ¶V UDQN FRUUHODWLRQ ZDV XVHG WR
determine relationship between the metal values in
sediment and sediment pore water. As a result of
6SHDUPDQ¶V UDQN FRUUHODWLRQ WKHUH LV D PHDQLQJIXO
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correlation between Cr, Zn and Pb variables for
p<0.05, but there is no meaningful correlation with
the other variables. Factor analysis used to varimax
rotation method was performed on metal values
(sediment and sediment pore water) and
environmental parameters. In this analysis, three
components were extracted which explained about
93.5 % of the total variance, with the first
component accounting for 53.7 %, the second
component for 21.2 % and the third component for
18.7 %. The first component, except for Ni in
sediment pore water, includes eleven variables for
metal both sediment (Cr, Cu, Zn, Pb, Ni and As)
and sediment pore water (Cr, Cu, Zn, Pb and As).
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These eleven metals in the first component may
represent anthropogenic sources, because waste
water of mining has a high amount of metals. The
ILUVW IDFWRU¶V HOHPHQWV =Q DQG 3E  KDYH EHHQ
associated with motor vehicle emissions. Besides,
Cu, Pb and Zn are probably associated discharge of
sewage, industrial inputs, and surface runoff in the
urban environment [27]. The second component has
been associated with oxygen and the third
component has been associated with temperature
and salinity. Environmental parameters such as
temperature, salinity, dissolved oxygen and pH may
influence water chemistry and metal solubility [28].

FIGURE 3
The areal distribution of average of Cu, Pb, Zn, Cr, Ni and As concentrations in sediment
a. Cu, b. Pb, c. Cr, d. Zn, e. Ni, f. As
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FIGURE 4
The areal distribution of average of Cu, Pb, Zn, Cr, Ni and As concentrations in pore water
a. Cu, b. Pb, c. Cr, d. Zn, e. Ni, f. As
When the stations were examined according to
potential ecological risk index, the highest values
were found stations of D6 and D7 (Table 4). But,
according to Indices and classification of potential
ecological metals contamination (Table 1), the
results of metal values were determined as low risk
at all study area. The stations of D6 and D7 were in
the inner harbor that the processing, smelting and
refining operations are the most density region in
the study area. Besides, water circulation was not
good. Therefore, waste water of the harbor can be a
high amount of metals.
The values of SEF, PLI and IGEO are given in Table
5. The SEF of metals in the sediments around
Trabzon harbor was: Pb > Cu > As > Zn > Ni > Cr.

The highest SEF, PLI and IGEO values were
determined for stations of D6 and D7 (Table 5).
The SEF contamination categories were described
by Ozseker et al. 2013 in more comprehensive way.
According to this classification, SEF values of Cr
and Ni were greater than the threshold value of 1,
none exceed 3, suggesting that level of pollution
enrichment was minor. SEF values of Zn and As
were greater than the threshold value of 3, none
exceed 5, suggesting that level of pollution
enrichment was moderate. SEF values of Cu and Pb
were greater than the threshold value of 5, none
exceed 10, suggesting that level of pollution
enrichment was moderately severe. Trabzon harbor
and coast of Trabzon are contaminated by Cu, Pb,
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TABLE 3
Metal content of surface sediments (μg g-1) and pore water (μg kg-1) around Trabzon harbor
and its comparisons with reference values
Present study
Metal
Cr
Cu
Zn
Pb
Ni
As

Pore water
7.48±2.85
17.92±6.44
30.92±7.99
22.28±7.05
8.96±3.37
4.93±1.44

SQGe

Referance value

Sediment
40.12±24.00
104.17±80.03
145.24±67.20
70.58±27.41
42.23±29.98
24.19±17.32

WQCa
74.0
9.0
120.0
2.5
52.0
150.0

WASVb
90.0
45.0
95.0
20.0
68.0
13.0

CCVc
100
55
70
12.5
75
1.8

TRVd
26.0
16.0
110.0
31.0
16.0
6.0

ERL
81.0
34.0
150.0
46.7
20.9
8.2

ERM
370.0
270.0
410.0
218.0
51.6
70.0

TEL
52.3
18.7
124.0
30.2
15.9
7.2

PEL
160.0
108.2
271.0
112.2
42.8
41.6

SQG (US EPA)
Non-polluted
Moderately
polluted
Heavily polluted

Cr
< 25

Cu
< 25

Zn
< 90

Pb
< 40

Ni
< 20

As
<3

25-75

25-50

90-200

40-60

20-50

3-8

> 75

> 50

> 200

> 60

> 50

>8

WQC Pore water chemistry, WASV worldwide average shale value, CCV continental crust values, TRV toxicity reference values, SOG
sediment quality guideline, ERL effect range low, ERM effect range median, TEL threshold effect level
PEL probable effect level, aUS EPA [25], bTurekian and Wedepohl [22], cTaylor [23], dUS EPA [24], e Long et al. [26]

TABLE 4
Potential ecological risk of metal values according to stations
Metal

E1r

Cr
Cu
Zn
Pb
Ni
As

0.50
5.43
0.64
3.60
3.14
9.40

E 2r
0.60
6.24
0.38
3.58
2.92
8.20

E 3r

E 4r

E 5r

E 6r

E 7r

E 8r

E 9r

RI

0.54
6.57
0.71
4.10
3.21
11.13

0.75
7.12
0.77
4.65
3.90
13.40

0.74
7.30
0.81
4.92
4.23
12.60

1.68
24.68
1.45
8.26
12.33
36.33

1.86
23.43
1.42
8.38
10.59
35.10

0.63
7.52
0.62
4.00
3.66
10.10

0.73
5.46
0.66
3.88
3.56
8.93

8.03
93.75
7.46
45.37
47.54
145.19

Zn and As as showed by enrichment factor greater
than 4 (Table 5). Enrichment factor of Cr and Ni
were classified minimal enrichment at all stations,
suggesting that Cr and Ni contamination are not a
problem these days.
Metal concentrations in sediments and pore
water of Trabzon harbor were compared with
harbor sediments reported from different areas of
the world. Concentration of Cu was higher than
Tolo, Guam and Sardinia harbors but lower than the
Naples and Rijeka harbors. The concentrations of
Zn were higher than Tolo and Sardinia harbor but
lower than Naples harbors [29,30,31,32]. Results of
this study compared with Rize harbor which is
Southeastern
Black
Sea
region,
metal
concentrations of this study were higher than Rize
harbor sediments [33]. In this study, the highest

metal concentrations were determined in D6 and D7
stations which were in the inner harbor and water
circulation was not well enough. Metal
concentrations in sampling area decrease in the
order D6 > D7 > D5 > D4 > D8 > D3 > D9 > D2 >
D1, respectively, for sediment and sediment pore
water. Except for the element of Ni, it was
determined that there was a meaningful relationship
between concentrations of sediment and pore water.
Besides, it was found that temperature, salinity and
dissolved oxygen, which are the environmental
parameters, had an effect on metal concentrations.
Based upon the results from this study, according to
SQG, Cu, Pb, Zn and As can be considered as
contributor to toxicity around the Trabzon harbor.
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TABLE 5
Values of SEF, IGEO and PLI of sediment around Trabzon harbor
Stations

Value of SEF

Value of IGEO

PLI

Cr

Cu

Zn

Pb

Ni

As

Cr

Cu

Zn

Pb

Ni

As

D1

0.89

4.33

4.23

9.04

1.23

3.89

-2.60

-0.31

-0.35

0.75

-2.02

-0.47

0.84

D2

0.99

4.55

2.32

8.21

1.13

3.10

-2.32

-0.11

-1.08

0.74

-2.12

-0.66

0.79

D3

0.83

4.92

4.05

8.83

1.16

3.95

-2.47

-0.04

-0.19

0.94

-1.99

-0.22

0.94

D4

1.09

4.60

4.16

9.45

1.33

4.50

-1.99

0.08

-0.06

1.12

-1.71

0.04

1.12

D5

1.13

4.97

4.55

10.56

1.52

4.45

-2.03

0.11

-0.02

1.20

-1.59

-0.05

1.14

D6

2.27

14.82

7.20

15.62

3.92

11.33

-0.84

1.87

0.83

1.95

-0.05

1.48

2.75

D7

2.57

14.41

7.23

16.24

3.45

11.20

-0.69

1.80

0.80

1.97

-0.27

1.43

0.97

D8

0.92

4.84

3.33

8.13

1.25

3.37

-2.24

0.16

-0.39

0.90

-1.80

-0.37

0.97

D9

1.10

3.68

3.70

8.23

1.27

3.12

-2.05

-0.30

-0.30

0.86

-1.84

-0.54

0.92
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for the treatment of saline wastewater is very large,
myriad strategies have been developed and applied
on lab-scales and industrial levels [3-6]. Many are
expensive and not economically prudent to
implement on a large scale. A low cost strategy
using activated sludge is the most widely used for
the treatment of wastewater [7]. Another approach
that had been adopted to treat saline wastewater is
by doping
the
sludge
with
halophilic
microorganisms to become activated sludge after a
long-term cultivation. Some researches have been
carried out to isolate and characterize bacterial
species in the saline waters [8-10]:DJQHU¶VJURXS
reported that halophilic microorganisms could be
cultured to form activated sludge and utilized for
the breakdown of the wastewater [11]. By using the
activated sludge cultivated in saline environment,
the sequencing batch biofilm reactor (SBBR)
system was able to treat the saline wastewater with
salinity below 2% [12]. However, this salinity was
below that of seawater. Another group also used
activated sludge for the treatment of saline
wastewater [13, 14]. However, during these
cultivation processes, the biological diversity of
activated sludge showed a sharp diminishing trend,
as a result of the fact that the bacteria in the system
could not adapt to the saline environment [15, 16].
As the salinity of seawater is about 3.5% w/v
[17],
the
tolerance
ability
of
marine
microorganisms to salinity should be much higher
than the terrestrial ones. Therefore, the strategy of
FXOWLYDWLQJWKHPDULQHPLFUREHV¶QLFKHRQVHDPXG
to directly become an activated sludge, marine
activated sludge (MAS), is presented. The
halophilic organisms in the seawater and sea mud
need not be isolated before culturing. The MAS
was utilized for the treatment of wastewater and the
strains of halophiles were isolated and evaluated
from the developed MAS. This is relatively more
economical because there is no need to buy any
special bacteria, as there are already halophilic
bacteria in sea mud and seawater that are capable of
breaking down organic compounds. Although many
research reports have been published on the
development of activated sludge with different
species of bacteria, to the best of our knowledge,
this is the first report on the development and
application of MAS for the treatment of

ABSTRACT
A technique was proposed for the treatment of
saline wastewater by using marine activated sludge
(MAS), which was cultivated rapidly by using
seawater and sea mud. Since the developed MAS
had halophilic bacteria that originated from
seawater and sea mud, it was envisaged that these
microorganisms could survive and breakdown
organics under saline conditions. In this work, two
strains of bacteria (HNPH and HSD) were isolated
from the developed MAS and the tolerance of the
microorganisms in the MAS to varying temperature
and salinity was evaluated. The developed MAS
was tested for its effectiveness treatment of
wastewater along with other two types of
formulated sludge. MAS was able to break down
organics effectively and efficiently at salinity levels
higher than 2% w/v, while the optimum salinity for
chemical oxygen demand (COD) removal
efficiency (higher than 80%) was 1±4% and the
optimum salinity for nitrifying performance
(removal efficiency higher than 40%) was 3±4%.
Additionally the MAS had optical living
temperature in the range 25±45oC the same as the
range of living temperature of halophiles HNPH
and HSD.

KEYWORDS:
marine activated sludge, halophilic bacteria, saline
wastewater

INTRODUCTION
A large volume of saline wastewater is
discharged into the environment annually. One
hand, the civil usage including many industries
such as printing, food processing, medicine, textile,
papermaking, chemical, oil and agricultural
pesticide-producing industries, release millions of
tons of saline wastewater [1]. The other hand, there
has also been an upsurge in amount of seawater
used to flush toilets and cooling [2]. This saline
wastewater end up in the environment and cause
pollution unless adequately treated. As the demand
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Study of bacteria in MAS. To further
study the bacteria niche in MAS, we isolated and
purified two main strains of bacteria (named as
HNPH and HSD) from the MAS. The isolation
medium contained 5g casamino acids, 6g bacto
peptone, 12g yeast extract paste, 3g sodium citrate,
3g KCl, MgSO4+2O 18g, 0.2g CaCl2, 0.001g
FeSO4, 70g NaCl and 1000mL seawater. The pH
was regulated to 7.5 and sterilized at 121ºC for
20min. The strain was isolated and purified by
method of quick isolation and screening for
halophilic bacteria described as follows: a 5g
sample of sea mud sample was put into a 300mL
conical flask filled with 100mL of the liquid culture
medium. The mixture was cultured in a shaking
table at 35 ć and 120 rpm for 5d to enrich the
strains. Using an inoculating loop to take a loop of
enriched culture solution, five curvatures on the
slants of prepared large test tube (30mm×200mm)
solid culture medium was continuously drawn (five
slants was drawn for each loop of solution), and
then cultured in an incubator at 35ć for 2 to 4d to
obtain single colonies on slants. Subsequently,
colonies with highest growth rate (large mass) were
selected. Isolation and purification were conducted
multiple times to obtain purely cultured halophilic
bacteria strains. We selected the colonies that have
been cultured on a fixed culture medium for 4d and
observed the bacteria strain morphology under
atomic force microscope (AFM) (DI BioScope,
Veeco Co., USA) in tapping mode. In the
preparation of the samples of bacteria for AFM, a
colony of bacteria was scraped out with an
inoculating needle and diluted to 20 mL with
nutrition solution. A 1 mL of the diluted solution of
bacteria was further diluted 400 times and 10~20
ȝ/ RI WKH UHVXOWLQJ EDFWHULD solution was dropped
and dried on sterilized glass for measurement.
The growth characteristics of the isolated
bacteria in seawater was investigated, by
inoculating 5 mL of test strain into a conical flask
with seawater medium containing casamino acids
0.5g, yeast extract paste 1.2g, bacto peptone 0.6,
sodium citrate 0.3g, KCl 0.3g, MgSO4+2O 1.8g,
CaCl2 0.02g, FeSO4 0.0001g and seawater 100 mL
at 37 ć. Optical Density (OD) was measured at
wavelength 600 nm. The liquid medium without
inoculation was also used as a control group. The
VSHFLILF JURZWK UDWH ȝ ZDV FDOFXODWHG E\ HTXDWLRQ
1.

wastewater. In case the traditional methods are not
suitable for certain conditions, this approach can be
considered by engineers and scientists for the saline
wastewater treatment.

MATERIALS AND METHODS
Cultivation of Marine Activated Sludge. Sea
mud was mixed with seawater (taken from the
Yellow Sea of China, 37.540 N, 122.070 E) to make
a 30 L volume in a tank and the resulting mixing
cultivated with nutrition at a temperature of 20r1
0
C for 60 days to become activated sludge. This
activated sludge is hereafter referred to as marine
activated sludge (MAS). Before the cultivation was
commenced, the sludge volume index (SVI) of the
sea mud-seawater mixture was 19 mL/g. For the
entire duration of the cultivation, the concentration
of the dissolved oxygen (DO) was maintained at 2.5
mg/L by pumping air into the mixture. The sludge
was fed once a day at 8:00 a.m. by the addition of
nutrients and replenishing the supernatant with
fresh seawater, making sure that the volume of the
sludge remained at 30 L. The nutrition added to the
culture tank was dextrose monohydrate, starch,
ammonium chloride and monopotassium phosphate
in concentrations of 0.2064 g/L, 0.1689 g/L, 0.0056
g/L and 0.0028 g/L respectively. The daily process
is illustrated by figure 1. After 60 days of
cultivation, the activated sludge was obtained by
decanting the supernatant.
In another preparation, activated sludge taken
from the Third Wastewater Treatment Plant in
Weihai, P.R. China, was cultured for 60 days. The
culture process is described as follows. The
activated sludge was mixed with seawater; forming
a volume of 30 L in a culture tank and the SVI and
the Mixed Liquor Volatile Suspended Solids
(MLVSS) were respectively 112 mL/g and 2.24
g/L. The DO of the sludge culture during the
domestication was maintained at 2.5 mg/L. The
supernatant was discarded and replaced with
seawater and nutrition (the same as was in the case
of MAS) added to the suspension at 8:00 a.m. daily
for 60 days. The resulting sludge was referred to as
domesticated activated sludge (DAS).
As a control, another sample of activated
sludge was prepared similar to the case of DAS but
using saline water (NaCl concentration of 3.04%
w/v) instead of seawater. The resulting sludge is
termed as conventional activated sludge (CAS).

P

(1)

where ȝ is the specific growth rate (h-1)˗ X1
,X2 were the OD at the time t1 ,t2.
Subsequently, the generation time, G was
deduced using equation 2

FIGURE 1
Schematic of cultivation process
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To evaluate the temperature tolerance of
the microorganisms in the various formulated
sludge, three samples each for the MAS, DAS and
CAS were prepared. For each sample, 1L of each of
the
sludge
(6g/L)
was
mixed
with
nutrients (dextrose monohydrate 0.2064 g/L, starch
0.1689 g/L, ammonium chloride 0.0056 g/L and
monopotassium phosphate 0.0028 g/L) and
cultivated in orbital shaker incubator for 12
hours. For the first group (a sample each from the
sludge preparations), the temperature was decreased
from 25oC to 0oC and the second group had the
temperature changed from 15 oC to 40oC over time
as indicated in table 1. The CODMn degradation
amount was measured by titration of potassium
permanganate for each of the samples cultured.

(2)

Water treatment experiment. In order to
investigate the effectiveness of the sludge in the
treatment of saline wastewater, parallel experiments
were run in three separate sequencing batch
reactors (SBR reactors) using the three different
types of activated sludge (figure 2). For each of the
experimentation in a SBR reactor, 5 L of the
activated sludge with a 36 g/L density was placed
in the reactor and 25 L of nutrient-incorporated
saline water. The NaCl concentration of the
nutrient-incorporated saline water was varied from
0% to 10 % w/v. The final mixture had a COD of
400mg/L (containing dextrose monohydrate 0.2064
g/L, starch 0.1689 g/L, ammonium chloride 0.0056
g/L and monopotassium phosphate 0.0028 g/L) and
the density was 6 g/L. After 24 hours of treatment,
we measured the COD degradation rate to evaluate
the activity of the sludge, as the changing
concentration of NaCl was changed from 0% to
10% w/v. Biological activities were evaluated by
comparing the degradation rate of CODMn for the
marine activated sludge (MAS), the domesticated
activated sludge (DAS) and the conventional
activated sludge (CAS).

RESULTS
Bacterial strains from MAS. By screening
the halophilic bacteria from the MAS, we obtained
some types of bacteria. We specifically selected
HNPH and HSD for further characterizations
because of their higher growth rates. The HNPH
and HSD belong to Alkalibacillus. The digital
camera and AFM images of HNPH and HSD are
shown in figure 3.

1-Temperature controller˗2-DO meter
˗3 pH meter˗4-stirrer˗5-rotor flow
meter˗6-air pump˗7-drain valve˗8
thermometer˗9-DO detector˗10-pH
detector ˗11-Microporous aerator ˗
12-mud valve

FIGURE 2
Schematic diagram of SBR reactor and wastewater treatment process
TABLE 1
Change of temperature over 12 h
Time
Temperature
Temperature

0~2h
25 oC
15oC

2~4h
20 oC
20 oC

4~6h
15 oC
25 oC
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6~8h
10oC
30 oC

8~10h
5 oC
35 oC

10~12h
0 oC
40 oC
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(a) HNPH:

(b) HSD:

FIGURE 3
Digital camera (left) and AFM (right) images of HNPH and HSD

sludge would only have terrestrial microorganisms.
As can be seen from the characterizations of the
isolated bacteria (table 2), The HNPH and HSD
belong to Alkalibacillus. They could also survive in
the temperature, pH and salinity ranges of 25̚45
ć , 6.5 ̚ 9.0 and 20 ̚ 200 respectively. These
conditions are similar to that of the sea. Thus, the
organisms could easily adapt to a saline
environment.

Figure 4 shows the growth curve of strains
HSD and HNPH. After inoculation, the cells did not
split immediately but remained in the lag phase in
order to adjust their metabolism to adapt to their
new environment. The OD maintained nearly
constant. After 2 hours, the growth of bacteria
entered into the logarithmic phase with maximum
growth and reproduction rate. In logarithmic phase,
due to the rapid growth of bacteria consuming a
large amount of nutrients, the nutrient concentration
in culture medium decreased dramatically. Then
the growth rate of bacteria started to drop and the
death rate increased, presenting a stage of stable
phase.
From the growth curve of the bacteria in the
logarithmic phase, we calculated the specific
growth rate and generation time of these halophiles.
The two trains isolated from MAS had different
growth rates. The specific growth rate of HNPH
and HSD were 0.213h-1and 0.175h-1 respectively,
and the generation time 198min and 245min
respectively.
It was expected that the marine activated
sludge
would
have
marine
halophilic
microorganisms and the domesticated activated
sludge would have both terrestrial and marine
microorganisms but the conventional activated

2.6
2.4
2.2
2.0

1.6

OD

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
0

5

10

15

20

25

t(h)

FIGURE 4
Growth curve of halophiles (HNPH, HSD) at
seawater medium
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TABLE 2
Colonial characterizations and growth conditions of the two strains of halophilic bacteria isolated.

HNPH
HSD

Colony shape
round
round

Gram staining
HNPH
HSD

+
+

pH Optimum
HNPH
HSD

6.5̚9.5
6.0̚9.0

Colony color
yellow
white

Cell shape
bacillus
bacillus

NaCl Range
(NaCl)(%w/v)
2̚25
1̚20

NaCl Optimum
(NaCl)/(%w/v)
5̚20
5̚10

Temperature range
(Ԩ)
25̚45
25̚45

Temperature
Optimum (Ԩ)
35̚40
35̚40

pH Range
4.5̚11.0
5.0̚10.5

and COD removal. The MAS and the DAS showed
a low bio-activity and performance for the
wastewater treatment in a NaCl range of 0%-2%
w/v. In the range of 3%-10% w/v, the degradation
rate of CODMn and ammonia-nitrogen removal
curves for the marine activated sludge and
domesticated activated sludge were similar, though
the marine activated sludge performed relatively
better in terms of the bioactivity. And the difference
can be explained by the decrease of biological
diversity during the mixing of marine and terrestrial
bacteria for DAS.
It was noted that the supernatant of the
conventional activated sludge became quite turbid
when the NaCl concentration exceeded 5%. The
increased turbidity resulted in a quicker settling and
a consequent SVI decrease. Such a phenomenon is
attributed to the killing of a large number of
bacterial populations by the change of the
environmental conditions.
The degradation rates for MAS and DAS over
time were similar. They were not at the highest
when the concentration of NaCl was at 0±2%. The
strains of bacteria from sea ecosystem need an
optimal salinity for growth. As the salinity rose
from 2% to 4%, the CODMn degradation rate and
the NH4+-N removal were at the peak. However,
when the salinity was further increased, the removal
rates declined from the highest to lower values after
24 h of cultivation. When the salinity increased to
10%, MAS and DAS could hardly remove the
waste-nutrition in the saline environment, because
too high salinity caused cell plasmolysis and
activity loss of microorganism as reported by
Uygur and Karg [18]. The above results indicated a
good CODMn degradation effectiveness (higher than
80%) during the salinity of 1±4%, and a good
nitrifying performance (higher than 40%) during
salinity of 3±4% for MAS and DAS. Besides, most

Assessment of effectiveness of the sludges in
the treatment of saline wastewater. In industrial
wastewater treatment, the changing rate of
environment factors, such as temperature, salinity,
pH and the components of organic contamination,
can influence the effectiveness of the activated
sludge in wastewater treatment.
Figure 5 shows the SVI variation of the
marine activated sludge, the domesticated activated
sludge and the conventional activated sludge with
time. After cultivating for 60 days, the SVI of the
marine activated sludge gradually increased from
19 mL/g to 72 mL/g and the final MLVSS was 2.07
g/L, indicating an increment of bioactivity of the
sludge. After domestication, the SVI of the
domesticated activated sludge decreased from 112
mL/g to 84 mL/g with the final MLVSS of 2.29
g/L. The conventional activated sludge, which was
cultivated by salt water, showed a slight change in
its SVI value (from 112 mL/g to 95 mL/g) and a
corresponding MLVSS change from 2.24 g/L to
2.38 g/L. Having the lowest SVI value, the marine
activated sludge had a faster precipitation speed
during separation and could avoid sludge bulking.
Figure 6 shows the biodegradation of the
carbon and nitrogen sources in the different types of
activated sludge, estimated by the degradation rate
of CODMn and ammonia-nitrogen removal. For the
CAS (without the inoculation of saline
microorganisms), higher activity was observed
when the concentration of NaCl was below 1% w/v.
When the salinity of the culture concentration was
over 2%, there was a significant loss in bioactivity
and a consequent reduction in the ability to treat the
wastewater in the conventional activated sludge
culture medium. As the adapted biological
population to high salinity was undergo the lower
salinity conditions, the enzyme ability was
decreased and led to declining the bacterial activity
3138
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literatures reported the optimal salinity of
nitrification±aerobic denitrification bacteria was
than 4% [19-21]. However, as reported, by using
the activated sludge cultivated in saline
environment, system was able to treat the saline
wastewater with salinity below 2% [12]. The CAS
performs better environment without salinity. The
CODMn degradation rate and NH4+-N removal by
CAS largely decreased when salinity increase from

0 to 2%. Besides, the CODMn degradation
removal of CAS slightly increased when the
salinity was increased to 3±4%. Wagner reported
that there are few halophilic microorganisms in
activated sludge [11]. It can be explained that some
domesticated halophilic bacteria existed in CAS
which exhibited some activity in the saline
environment.

0DULQHDFWLYDWHGVOXGJH
'RPHVWLFDWHGDFWLYDWHGVOXGJH
&RQYHQWLRQDODFWLYDWHGVOXGJH
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FIGURE 5
The SVI variation as the change of time
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FIGURE 6:
CODMn degradation rate (a) and ammonia nitrogen degradation rate (b)
as the change of sodium chloride concentration
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FIGURE 7
CODMn degradation over time with decreasing temperature (a) and increasing temperature (b) in samples
cultured from MAS, DAS and CAS.

Effect of Temperature. The figure 7 shows
the CODMn degradation amount as measured by the
titration of potassium permanganate for each of the
samples cultured from MAS, DAS and CAS as the
temperature was varied from 15oC to 40oC. By
decreasing temperature according to table 1 for the
first group (figure 7 a), there were not much
differences among the performance of the three
types of activated sludge, although CAS had a
slightly higher degradation rate. This is in
agreement with an earlier report that CAS could be
utilized for the treatment of wastewater at lower
temperatures [22]. For the second group by
increasing temperature (figure 7 b), the COD Mn
degradation rates for MAS and DAS were higher
than that for CAS. Because HSD and HNPH
present in MAS, had optical living temperature in
the range 25±45oC, the CODMn degradation rate and
NH4+-N removal of MAS and DAS were a little
higher than the CAS.
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ADSORPTION AND SURFACE PRECIPITATION OF
PHOSPHATE ONTO CALCINED CALCITE: EFFECT OF
CALCINATION TEMPERATURE, pH AND MULTIVARIABLES INTERACTION EFFECTS
Rongtai Yu1*, Runhua Liao1, Lingbo Cheng1, Zhipeng Xie2, Changan Wang2, Xiang Ma1
1 School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen, 333001, Jiangxi, PR China;
2 School of Materials Science and Engineering, Tsinghua University, Beijing, 100084, Beijing, PR China

release do not fit natural water bodies, and cheap
chemicals for phosphate removal are important
during the chemical precipitation. The precipitation
technology for phosphate included struvite
precipitation[ 1 ], iron phosphate precipitation[ 2 ],
activated carbon adsorption[ 3 ], zirconium oxide
adsorption[ 4 ], even graphene adsorption[ 5 ]. While
those methods for phosphate removal is unrealistic
to natural water bodies treatment.
Calcite, with large surface area and rich Ca2+
ions, can adsorb phosphate, and HAP
(hydroxyapatite) is formed on the surface of calcite.
Both adsorption and precipitation reactions are
involved for phosphate removal by calcite surfaces,
previous studies have investigated the adsorption of
phosphate onto calcite as well as the influence of
pH, kinetics and isothermals et al[6-8]. However, as
reported by Helle[ 9 ], phosphate adsorption
efficiency was increased with the CO32- activity
decreased. CO32- can compete with phosphate as
well as inhibit phosphate adsorption onto calcite
surface, while calcite is full of carbonate. Calcite
would be decomposed into calcium oxide by heated,
and the activity for phosphate adsorption by
calcium oxide is higher than natural calcite.
However, the adsorption of phosphate onto calcined
calcite has not been studied previously.
In this study, phosphate adsorption onto
calcined calcite was investigated, and the
interaction effects of the key process parameters,
including adsorption process and decomposition
process, were explored. The mechanism of
phosphate adsorption onto calcined calcite was
studied.

ABSTRACT
CO32- can compete with phosphate as well as
inhibit phosphate adsorption onto calcite surface,
however, calcite would be decomposed into
calcium oxide at a certain temperature. The
adsorption of phosphate onto calcined calcite was
investigated in a series of batch experiments and in
a wide range of calcination temperature. The results
showed that phosphate adsorption was dependent
on calcination temperature; adsorption efficiency
increased with temperature increased. pH value also
affected the process of phosphate removal,
phosphate removal rate was 98% at pH 11.5. The
results showed that the main mechanisms in
phosphate adsorption processes were chemical
adsorption, however, XRD and FTIR showed that
HAP (hydroxyapatite) was not observed in the
precipitation. In multi-variables interaction effects,
there were not significant between adsorption
process and calcination process, except for a
positive interacts only weakly between pH vs
holding time.

KEYWORDS:
Calcined calcite; Phosphate
precipitation; Interaction effects

adsorption;

Surface

INTRODUCTION
Phosphorus pollution called eutrophication is
an important environmental issue, especially the
way of treatment for low levels of phosphorus in
natural water bodies is a real problem. At present
the general treatment for phosphate are biological
methods and chemical precipitation methods.
However, the biological methods of phosphorus-

EXPERIMENT METHODS
Materials and chemicals. The calcite used in
this study was purchased from Guizhou province.
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The calcite was ground, and sifted by 200 mesh
sieve. All chemical agents used in this study were
analytical grade. A simulated wastewater containing
100 mg/L phosphate was prepared by dissolving
Na2HPO4 in deionized water. The phosphate
concentration was evaluated by Chinese National
Standards (GB 11893-89).

RESULTS AND DISCUSSION
Effect of calcination temperature and time
on phosphate removal. The effects of calcination
temperature and holding time on the release of
carbon dioxide were showed in Figure 1. The
release rate of carbon dioxide was increased with
the increase of calcination temperature and
extension holding time. Calcium oxide was formed
during burning process of calcite, phosphate
adsorption efficiency was proportional to the
amount of calcium oxide, the growth rate of
calcium oxide was directly proportional to the
release rate of carbon dioxide. As showed in Figure
1, the phosphate removal rate was less than 80% at
calcination temperature less than 600 °C, carbon
dioxide was completely released when calcination
temperature was above 800 °C, and the phosphate
removal rate was above 98%. Calcined calcite at
600 °C was used in phosphate adsorption
experiment, calcite was not calcined completely, a
part of calcite was decomposed into CaO, while
others were still CaCO3. Therefore, the phosphate
removal rate was lower than that of temperature test.
The change of phosphate removal rate was small in
holding time test. Therefore, the best optimal was
800 °C, 2 h in this study.

Effect of calcination temperature and time
on phosphate removal. To investigate the effect of
calcination temperature and time on removal of
phosphate by calcite, the effects of temperature and
time on the release of carbon dioxide from calcite
were evaluated. The procedures were as follows. (1)
The calcite collected at above was calcined at 2001000 °C, and holding time was from 0.5 to 4 hour,
calcined calcite that natural cooling was collected;
(2) Calcined calcite at different temperature and
time was added into the simulated phosphate
wastewater; (3) The mixture solution was agitated
at pH 9.0, and agitation rate was 200 r/min,
adsorption time was 60 min, then let it rest for 30
minutes; (4) The dosage of calcined calcite was 0.5
g except the dosage test; (5) The concentration of
phosphate in the supernate was measured, and the
precipitation was collected in an oven at 40 °C for
48 h.
Effect of pH and dosage on phosphate
adsorption. The effect of pH and dosage on
phosphate adsorption was estimated at different pH
values (6.5-11.5) and different dosage (0.1-2 g). At
pH batch experiments, exactly 0.5 g calcined calcite
at 800 °C for 2 h and 100 ml simulative wastewater
with phosphate concentration of 100 mg/L were
mixed in beaker, the pH value of the mixture
solution was then adjusted to a desired value using
0.2 N NaOH and 1 mol/L HCl solutions. The
experiments of dosage and pH were different, pH
value was 9.0 at dosage batch experiment, and the
dosage of calcined calcite at 800 °C for 2 h was
from 0.1 to 2 g. The mixture solution was agitated
at 200 r/min for 60 min, then the precipitation was
collected after 30 min rest.

FIGURE 1
The effect of calcination temperature and
holding time on phosphate removal rate

Multi-variables interaction effects. The
effects of single factor including pH, dosage,
calcination temperature and time were investigated
in above. The factors between adsorption process
and burning process caused an interaction effect on
phosphate removal. The phosphate removal rate
would be changed with the increase or decrease of
others variables. To investigate the interaction
effects, the response surface method was used to
evaluate the interaction effects of pH, dosage
(adsorption process) and calcination temperature,
time (burning process) on phosphate removal.

Kostantinos at al[ 10 , 11 ] reported that natural
calcite as adsorbent has good adsorption efficiency
for phosphate removal from wastewater, while
Helle[9] suggested that ionic strength of CO32- and
other ions have influence on phosphate adsorption
onto calcite. Calcium carbonate is the main
component of calcite, carbonate has a negative role
to take part in a adsorption reaction. The reactions
were as following during phosphate adsorption onto
calcite[10,12].
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CaCO3

Ca 2  CO32

CO32  H 2O
Ca 2  HCO3
3Ca 2  2PO43

HCO3  OH 

(2)

CaHCO3

(3)

Ca3 (PO4 )2

2Ca 2  HPO42  HCO3

Ca2 H PO4 CO3

(1)

(4)

Ca2 H PO4 CO3  H  (5)

Ca2 PO4 CO3  H  (6)

10CaCO3  2H   6 HPO42   2H 2O

3

Ca10 ( PO4 )6 ( OH )2  10HCO

FIGURE 2
The effect of pH and dosage on phosphate
removal rate

(7)

Precipitation of hydroxyapatite was favored at
phosphate adsorption by calcite[13,14]. That was to
say, the best pH for phosphate adsorption was
slightly alkaline. Adsorption process would be
inhibited at high pH (the formula 7), and the
bonding sites of phosphate would be competed with
carbonate. In the literatures, phosphate adsorption
by calcined calcite had received little attention.
Calcite was decomposed into calcium oxide and
carbon dioxide, calcium oxide reacts with water to
form calcium hydroxide, calcium hydroxide was
hydrolyzed into calcium ion and hydroxide. The
dissolution rate of calcium ion in calcined calcite
was higher than that of natural calcite. As showed
in Figure 1, phosphate removal rate was decreased
from above 98% to about 79% at 800 °C- 600 °C.
The reason was that calcium carbonate was the
main composition at 600 °C, while calcium
carbonate was decomposed into calcium oxide with
temperature increased. The dissolution rate of
calcium ion and hydroxyl has a positive effect on
phosphate adsorption by calcined calcite.

The effect of pH on phosphate adsorption was
attributed to change speciation of phosphate in the
solution as well as the dissolution of calcined
calcite, the speciation of phosphate and calcined
calcite was described by the following reactions
[10,12]
.
(8)

HPO42  H 2O H 2 PO4  OH 

(9)

H 2 PO4  H 2O H 3 PO4  OH 

(10)

H 2O

H   OH 

(11)

CaO  H 2O Ca( OH )2

Ca( OH )2

Ca 2  2OH 

10Ca 2  6PO43  2OH 

(12)
(13)

Ca10 (PO4 )6 (OH)2 (14)

PO43- was the main speciation at high pH, and
the formation rate of Ca3(PO4)2 or Ca10(PO4)6(OH)2
would be accelerated at alkaline conditions. As
showed in Figure 1, phosphate removal rate was
increased with pH increased. On one hand the
results was demonstrated that PO43- speciation was
the main groups of orthophosphate by calcined
calcite adsorption; on the other hand, the
mechanism of adsorption was observed via
chemisorption.

Effect of pH and dosage on phosphate
adsorption. The effect of pH has played a key role
on phosphate adsorption onto calcite, there was a
liner relation between adsorption efficiency and pH
value. The effects of pH and dosage were showed in
Figure 2. The removal rate of phosphate was
increased with pH increased, and the removal rate
was above 98% at pH 11.5 versus about 35% at pH
6.5. It turned out that pH was the key control
factors in phosphate adsorption. Dosage had played
a role in adsorption phosphate, the dosage was
lacking to completely adsorption. When the dosage
was above 2 g/L, the removal rate of phosphate was
above 95%, and the efficiency was constant with
the dosage increased

Multi-variables
interaction
effects.
Phosphate removal rate was related with pH and
dosage, as well as the release rate of carbon dioxide
was related with calcination temperature and
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FIGURE 3
Response surface for the second-order model of calcination temperature, holding time, pH and dosage

value was 25.33) and model terms were significant
(p-value less than 0.05). According to p-value,
temperature (including temperature square) and pH
were significant in four variables, and p-value of
temperature was less than that of pH, it indicated
that the effect of temperature on phosphate
adsorption was greater than pH.
The second-order models of multi-variables
were showed in Figure 3. At low calcination
temperature (600 °C), phosphate removal rate has
changed little, whether calcination temperature vs
holding time, calcination temperature vs pH value

holding time. However, the amount of decomposed
calcite was proportional to the removal rate of
phosphate. Previous literatures have little focus on
multi-variables interaction effects. In this study, the
interaction effects of pH (6.5-11.5), dosage (0.1-2
g), temperature (200-1000 °C) and time (0.5-4 h)
were investigated by response surface method
(Design-Expert 8.0.6), the results were showed in
Figure 3.
Analysis of variance for response surface
quadratic model was showed in Table 1. The results
suggested that the model was significant (Model F3145
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However, calcite decomposed into calcium oxide at
1000 °C. Synthesizing the above results (Figure 1
and Figure 4), phosphate adsorption efficiency was
increased sharply at calcination temperature above
800 °C, and calcium oxide was the main
pyrolysates at calcination temperature above 800 °C.
That was to say, the phosphate adsorption
efficiency of calcined calcite was higher than
natural calcite. A survey of the literature available
showed that hydroxyapatite was formed after
adsorption phosphate by calcite, while the crystal
structure of hydroxyapatite was not discovered,
which would be amorphous. The diffraction peaks
of calcium hydroxide were found for the hydration
of calcium oxide.
The results of FTIR were found further
evidence to support above claims. The
characteristic bands of CO32- (712 cm-1, 877 cm-1,
1795 cm-1, 2140 cm-1, 2512 cm-1, 2873 cm-1, 2982
cm-1) were disappear at high temperature (1000 °C),
and the peak of OH- (3645 cm-1) emerged.

or calcination temperature vs dosage (Figure 3 a, b,
and c); while phosphate removal rate was greatly
increased at high temperature. However, the
interaction effects between temperature vs holding
time, temperature vs pH and temperature vs dosage
were not obvious, that was to say, phosphate
removal rate increased was not in close relation
with the effect of other factors. However, between
pH vs time and pH vs dosage, a different behavior
were discovered (Figure 3 e and f). Phosphate
adsorption efficiency was increased with pH
increased as well as holding time decreased, a
positive effect between pH vs time was observed,
and a positive concentration quadratic coefficient
was achieved (Table 1). The interaction effects
between pH value and dosage was not significant
(Figure 3 f and Table 1), phosphate removal rate
caused by dosage was not changed with pH
increased, and vice versa. The second-order model
of holding time vs dosage was different from others
variables, phosphate adsorption efficiency increased
initially, reached a maximum at intermediate
holding time, then decreased slightly at high
holding time and vice versa. The results indicated
that there existed interactions among holding time
and dosage, a negative concentration quadratic
coefficient demonstrated that the interaction effects
between holding time and dosage was negative.

FIGURE 4
XRD of calcite at different conditions
Characterize. In order to evaluate the
different conditions that promote adsorption or
surface precipitation, XRD and FTIR was analyzed
in Figure 4 and Figure 5. Figure 4 showed the
results obtained at different calcination temperature
and after adsorption of phosphate. As showed in
Figure 4, calcium carbonate was the main material
for natural calcite, low temperature did not destroy
the crystal structure of calcium carbonate, X ray
diffraction peak intensity did not weaken at 600 °C;

FIGURE 5
FTIR of calcite at different conditions. A
calcined calcite at 200 °C for 2 h; B calcined
calcite at 600 °C for 2 h; C calcined calcite at
1000 °C for 2 h; D The precipitation of
phosphate adsorption by calcined calcite at
1000 °C for 2 h.
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TABLE 1
ANOVA for response surface quadratic model
Source

Squares

Model
A-Temperature
B-Time
C-pH
D-Dosage
AB
AC
AD
BC
BD
CD
A2
B2
C2
D2
Residual
Lack of Fit
Pure Error
Cor Total

1767.9
1050.4
0.34
24.0
13.4
0.16
2.97
0.07
14.6
0.4
0.03
526.6
4.4
0.5
7.4
69.8
15.8
54.0
1837.7

Coefficient
Estimate
81.4
9.5
0.2
1.4
1.1
-0.2
-0.9
-0.1
1.9
-0.3
-0.09
9.1
-0.9
0.3
-1.1
/
/
/

Mean Square

F Value

p-value

126.3
1050.4
0.3
24.0
13.4
0.2
3.0
0.07
14.6
0.4
0.03
526.6
4.4
0.5
7.4
5.0
1.6
13.5

25.3
210.7
0.07
4.8
2.7
0.03
0.6
0.01
2.9
0.08
6.9E-003
105.6
0.9
0.1
1.5
/
0.1
/
/

<0.0001
<0.0001
0.7971
0.0455
0.1228
0.8620
0.4532
0.9065
0.1085
0.7812
0.9351
<0.0001
0.3616
0.7603
0.2447
/
0.9971
/
/
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RU VXLWDEOH QLFKHV IRU PLFUREHV¶ DFWLYLW\ ZKHUH
QLWURJHQ UHWHQWLRQ LV FRPSOHWHG XQGHU RUJDQLVPV¶
transfer of both microbia and aquatic macrophytes.
:LWK ERWK VLGHV¶ LQWHUDFWLRQ LW LV FRPPRQO\
affirmed that nitrification rates are higher in the
rhizosphere of macrophytes than in the bulk
sediment [1, 2]. The first rate-limiting step of
nitrification, the oxidation of ammonia to nitrite,
plays a central and critical role in global nitrogen
cycling [3, 4]. Stimulated by rhizosphere conditions,
ammonia-oxidizers including two groups as
ammonia-oxidizing bacteria (AOB) and ammoniaoxidizing archaea (AOA), have been considered to
catalyze the process [5].Most studies targeted a key
functional gene, amoA gene, encoding the alpha
subunit of ammonia monooxygenase enzyme,
which can catalyze ammonia oxidization [6, 7].
Tracing the distribution of amoA genes in isolated
various ecosystems from coastal to freshwater
sediments [8-15], AOA and AOB community
structures were found differed. Moreover, from
comparison of abundances of these two groups in
different macrophytes [16-18], these two types
ammonia-oxidizers would be hypothetically
pronounced distinctly response upon aquatic plant
species. This implies potential mutual influences of
ammonia-oxidizers and macrophytes in aquatic
rhizosphere.
Previous researchers have investigated the
abundance and diversity of archaeal and bacterial
amoA gene in freshwater lake ecosystems [19]. The
relative abundance and diversity changed with a
variety of factors [20, 21], including emergent
macrophytes [5, 17, 18], which play a crucial role
in the lake ecosystem by various mechanisms.
Previous studies focused on the influence of
emergent macrophytes on the abundance, diversity
and community composition of AOA and AOB.
Trias et al. [17] found that emergent macrophytes
act selectively on ammonia-oxidizing bacteria and
archaea and AOA dominated in most samples in the
sediments and roots of dominant macrophytes. A
contrary result was found in which AOB were the
predominant ammonia-oxidizers on the three
rhizoplanes (Eichhornia crassipes, Pistia stratiotes

ABSTRACT
Ammonia oxidation which is both the first and
a significant step in nitrogen cycling can be
catalyzed by ammonia-oxidizing archaea (AOA)
and ammonia-oxidizing bacteria (AOB). In this
study, the abundance and community composition
of AOA and AOB in the rhizosphere sediments of
two emergent macrophytes (Zizania caduciflora
and Phragmites australis) were investigated in
January and August in Lake Taihu to elucidate the
relationship between emergent macrophytes and the
abundance and diversity of AOA and AOB. The
abundance of archaeal amoA gene ranged from
3.13×106 to 2.61×108 copies per gram of dry
sediment, whereas the abundance of bacterial amoA
gene ranged from 9.62×105 to 3.14×107 copies per
gram of dry sediment. The abundance of the
bacterial amoA gene was significantly positively
correlated with NO3--N (P<0.05), and OM
concentrations exhibited a positive correlation
between the abundance of archaeal amoA gene and
bacterial amoA gene (P<0.05). 94.81% of archaeal
amoA sequences fell into Nitrosopumilus and
Nitrosotalea clusters. For the bacterial amoA
sequences, Nitrosospira lineage predominated in
the sediment sample of Zizania caduciflora in
January, whereas the other samples were
predominant with N.oligotropha lineage. The data
obtained in this study may be useful to support
studies in researching the effect of emergent
macrophytes on the nitrification process of lake
ecosystems.

KEYWORDS:
ammonia-oxidizing archaea, ammonia-oxidizing bacteria,
emergent macrophytes, abundance, community
composition

INTRODUCTION
The rhizosphere with primary and significant
metabolism generates sufficient exchange interface
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DNA Extraction. DNA was extracted from
0.25 g sediment sample with the Power Soil DNA
Isolation Kit (MoBio Laboratory, Solana Beach,
CA) according to the manufacturer's instructions.
The extracted DNA was checked on a 0.8% agarose
gel. The concentration of the extracted DNA was
then determined using a BioPhotometer (Eppendorf,
Hamburg, Germany).

and Ipomoea aquatic) in a eutrophic reservoir [18].
The community structure and potential activities in
the rhizosphere of Typha latifolia and Phragmites
australis in a free water constructed wetland system
were studied [2]. Nitrification activities were found
to be significantly higher in the rhizosphere when
compared with the non-vegetated sediment and the
community structure of denitrifying bacteria in the
rhizosphere was found to differ from that found at
the bulk sediment.
In view of diversified conclusions with
multiply macrophytes, expandation of other pioneer
SODQWV¶HIIHFWVRQ AOA and AOB groups would be
necessary, especially in eutrophic lakes. So was
selected in the present study as Lake Taihu which is
a large, shallow, and eutrophic lake in China. To
elucidate the effect of emergent macrophytes on the
abundance and diversity of AOA and AOB, Zizania
caduciflora and Phragmites australis were chosen,
and the abundance and diversity of AOA and AOB
in rhizospheres of different macrophytes were
studied.

Real-time Quantitative PCR. Real-time
quantitative PCR was conducted to investigate the
archaeal and bacterial amoA gene copy numbers
using the SYBR Green I method on an IQ5 Thermo
cycler (RG65HD, Corbett, Australia). The primers
for archaeal amoA gene amplification were ArchamoAF/Arch-amoAR [7] and the primers for
bacterial amoA gene amplification were amoA1F/amoA-2R [6].
The reaction mixtures volumes for archaeal
and bacterial amoA PCR amplification were 20 ȝO
including: 5 ng of DNA template, 1× SYBR Premix
Ex TaqTM EXIIHU 7DNDUD -DSDQ   ȝ0 RI each
archaeal and bacterial amoA primer. The protocol
for archaeal amoA PCR amplification was: 3 min at
95°C, 45cycles of 30 s at 95°C, 1 min at 53°C, 20 s
at 72°C, and finally 7 min at 72°C. The protocol for
bacterial amoA PCR amplification was: 3 min at
95°C, 45 cycles of 30 s at 95°C, 1 min at 50°C, 20 s
at 72°C, and finally 7 min at 72°C.

MATERIALS AND METHODS
Study Sites and Sample Collection. Lake
Taihu is a shallow freshwater lake located in the
eastern part of China that has received much
attention for its severe eutrophication. Eastern Lake
Taihu is a macrophyte-dominated lake zone. Two
sites were selected for sampling in this study. Site
A was dominated by the emergent macrophyte
Zizania caduciflora, and site B was dominated by
the emergent macrophyte Phragmites australis.
Samples in triplicate were collected from the
rhizospheres all over the root of two emerged
macrophytes. Rhizosphere sediments loosely
adhering to the roots were shaken off. All samples
were then transferred to sterile tubes immediately
after sampling, refrigerated with ice, and transferred
to the laboratory for analysis. Samples were
collected in two seasons in January and August of
2012. Three replicate samples for each season were
collected and combined.

Clone Library and Phylogenetic Analysis. A
clone library was constructed with the DNA
extracted from the sediment samples. PCR
reactions were carried out with Ex Taq DNA
polymerase (Takara, Otsu, Japan) in all amoA PCR
amplifications. Triplicate PCR products were
pooled, gel-purified using the Axygen PCR cleanup
purification kit, and cloned by the p GEM-T vector
(Promega, Madison, WI, USA). The resulting
ligation products were used to transform to
Escherichia coli competent cells (DH5Į, Takara,
Japan). Picked transformants were grown overnight
on LB DJDUSODWHVFRQWDLQLQJȝJP/DPSLFLOOLQ
ȝJP/;-Gal, DQGȝJP/,37*Clones were
checked by PCR amplification using vector primers
(T7 and SP6) and conveyed to Shanghai MajorBio
Biotechnology Co., Ltd. for DNA sequencing.
All amoA sequences were compared with
GenBank database sequences using BLAST.
Operational taxonomic units (OTUs) were defined
as sequence groups in which sequences had  
nucleotide differences. DNA sequence alignments
were generated using Clustal W [23]. Index of
diversity and nonparametric richness estimations
were performed using the software program
DOTUR [3]. The estimated coverage of the
constructed amoA gene library was calculated as
C= [1-(n1/N)] ×100%, where n1 is the number of
singleton sequences, and N is the total number of
sequences. Neighbor-joining phylogenetic trees

Chemical analysis of sediment samples. All
sediment samples were dried with a freeze dryer
(ALPHA1-2, CHRIST, Germany). Sediment pH,
total nitrogen (TN) and total phosphorus (TP) were
determined according to our previous study [22].
Sediment ammonium, nitrite and nitrate
concentrations were extracted from sediment
samples with 2 M KCl and measured by a
continuous flow analyzer (San++, SKALER,
Netherlands). Organic matter (OM) was analyzed
using the K2Cr2O7 oxidation-reduction titration
method.
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that of archaeal amoA gene in the rhizosphere
sediment of Zizania caduciflora in August, whereas
the abundance of archaeal amoA gene was higher
than that of bacterial amoA gene in all the other
rhizosphere sediment samples. For the rhizosphere
sediments of Zizania caduciflora, the abundance of
bacterial amoA gene in August was higher than in
January, whereas the abundances of archaeal amoA
gene in January and August were similar. For the
rhizosphere sediments of Phragmites australis, the
abundances of both archaeal and bacterial amoA
gene were higher in January than in August.

(based on Jukes-Cantor distances) were constructed
based on alignments of DNA sequences using
MEGA 4.0 [24].
Nucleotide Sequence Accession Numbers.
The amoA gene sequences obtained in this study
have been deposited in the Gen Bank database
under accession numbers: KC290955-KC290973,
KC290994-KC291045 for archaeal amoA gene
sequences and KC244896-KC244976, KC245058KC245086 for bacterial amoA gene sequences.

Diversity Analysis of AOA and AOB. In
total, 77 archaeal amoA sequences and 111 bacterial
amoA sequences were recognized. The number of
archaeal amoA clones ranged from 16 to 23 in each
clone library. Operational taxonomic units (OTUs)
were defined at 5% difference in nucleic acid
sequences and were calculated using the DOTUR
software package. Consequently, 13 OTUs were
identified for the archaeal amoA clone library,
whereas the bacterial amoA library numbered 12
clones in total. For AOA, the rhizosphere sediments
of Zizania caduciflora in January and August
contained 4 OTUs, whereas the number of the
rhizosphere sediment of Phragmites australis in
January only contained 2 OTUs. For AOB, the
rhizosphere sediment of Phragmites australis in
August contained 4 OTUs, which was two times
higher than in Zizania caduciflora in January. The
diversity index of Shannon-Weiner (+¶) elucidated
that the rhizosphere sediment sample of Zizania
caduciflora in August had the highest diversity for
archaeal amoA gene and the rhizosphere sediment
sample of Phragmites australis in January
maintained the highest diversity for bacterial amoA
gene. SChao1 richness estimators revealed that the
rhizosphere sediment sample of Zizania caduciflora
in January had the highest diversity for archaeal
amoA gene and that the rhizosphere sediment
sample of Phragmites australis in August
maintained the highest diversity for bacterial amoA
gene.

RESULTS
Physicochemical
Properties
of
the
Rhizosphere Sediment Samples. The pH values of
the different rhizosphere sediment samples ranged
from 4.12 to 6.32 (Figure 1). The pH values of the
rhizosphere sediment of Zizania caduciflora were
remarkably higher than that of the rhizosphere
sediment of Phragmites australis. For the same
macrophyte, the pH values were almost the same
for the two different seasons. The concentrations of
NH4+-N exhibited a similar pattern that the same
macrophytes retained minor variation in different
seasons. However, the NH4+-N concentrations in
the rhizosphere sediment of Phragmites australis
(6.51 and 7.34 mg/kg) was higher than that of
Zizania caduciflora (4.63 and 5.01 mg/kg). Other
sediment properties showed obvious seasonal
variations. TP concentrations in Zizania caduciflora
rhizosphere sediment were close to that of
Phragmites australis during the two seasons and
the concentrations were much higher in August.
However, the concentrations of TN showed
opposite seasonal variations as the values in
January were higher than those of August for the
two macrophytes. The rhizosphere sediment of
Phragmites australis in January maintained the
highest concentration of TN (2.62 mg/g) and OM
(8.3 %).
Abundances of the Archaeal and Bacterial
amoA Genes. The abundance of archaeal amoA
gene ranged from 3.13×106 to 2.61×108 copies per
gram of dry sediment, whereas the abundance of
bacterial amoA gene ranged from 9.62×105 to
3.14×107 copies per gram of dry sediment. The
highest abundance of archaeal amoA gene appeared
in the rhizosphere sediment of Phragmites australis
in January, which were two orders of magnitude
higher than the lowest in the rhizosphere sediment
of Zizania caduciflora in January. The rhizosphere
sediment of Phragmites australis in January also
maintained the highest abundance of bacterial
amoA gene; however, the lowest abundance of
bacterial amoA gene was found in the rhizosphere
sediment of Phragmites australis in August.
Bacterial amoA gene abundance was higher than

Relationships
between
Environmental
Factors and Abundance, Diversity of Archaeal
and Bacterial amoA Gene. 3HDUVRQ¶V FRUUHODWLRQ
coefficients were used to investigate the
relationships between environmental factors and the
abundance, diversity of archaeal and bacterial
amoA genes. The abundance of bacterial amoA
gene was significantly positively correlated with
NO3--N (P < 0.05), whereas there was no
significant correlation found between archaeal
amoA gene abundance and NO3--N (Table 2). OM
concentrations exhibited positive relations with the
abundance of archaeal and bacterial amoA gene (P
< 0.05). pH showed a positive correlation with the
number of archaeal amoA OTUs.
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FIGURE 1
Chemical properties of the rhizosphere sediment samples collected from rhizospheres of different
emergent macrophytes. Data are presented as means ± standard deviation (n=3). TN, total nitrogen;
NH4+-N, ammonia nitrogen; NO3--N, nitrate; OM, organic matters.
TABLE 1
Diversity of archaeal and bacterial amoA sequences from rhizosphere sediments of different emergent
macrophytes
Samples
January Z.caduciflora
January P. australis
August Z.caduciflora
August P. australis

No. of clones

No. of OTUs
AOA

C%

Schaol

+¶

16

4

87.5

5

0.92

23

2

95.7

2

0.18

21

4

95.2

4

1.09

17

3

100

3

0.96

30

2

100

2

0.66

29

3

96.6

3

0.73

28

3

96.4

4

0.41

24

4

87.5

7

0.51

AOB
January Z.caduciflora
January P. australis
August Z.caduciflora
August P. australis
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TABLE 2
Pearson correlation coefficients between environmental variables and abundance or numbers of detected
OTUs for archaeal and bacterial amoA gene

Environmental
variables
pH
TP
TN
NH4+-N
NO3--N
OM

Archaeal amoA
gene copies/g
sediment
-0.602
-0.209
0.816
-0.345
0.776
0.940*

Pearson correlation coefficients
Bacterial amoA
No. of OTUs of
gene copies/g
archaeal amoA
sediment
gene
-0.131
0.911
0.102
-0.090
0.362
-0.621
0.001
-0.751
0.987*
-0.584
0.925*
0.722

No. of OTUs of
bacterial amoA
gene
-0.663
0.888
-0.433
0.870
0.140
-0.035

and Nitrososphaera clusters with distinct
percentages.
Bacterial amoA sequences obtained in this
study could be divided into N.oligotropha,
N.communis, and Nitrosospira lineages (Figure 3B).
The Nitrosospira lineage (63%) predominated in
the sediment sample of Zizania caduciflora in
January (Figure 4B). All other samples were
dominated by the N.oligotropha lineage with
percentages of 69%, 93%, and 92%, respectively.
The sample from the Zizania caduciflora
rhizosphere in January also contained the
N.oligotropha lineage (37%). In addition to the
N.oligotropha lineage, the sample from Zizania
caduciflora rhizosphere in August contained the
N.communis lineage, and samples from Phragmites
australis rhizosphere in both January and August
contained N.communis, and Nitrosospira lineages.
The results demonstrated that the diversity of
bacterial amoA gene in the rhizosphere samples
from Zizania caduciflora in January and August
were low.

Phylogenetic Analysis of AOA and AOB.
Phylogenetic analysis of all obtained archaeal amoA
gene sequences from different sediment samples in
the present study showed three major clusters:
Nitrososphaera, Nitrosopumilus and Nitrosotalea
(Figure 3A). A total of 94.81% of all the sequences
fell into the Nitrosopumilus and Nitrosotalea
clusters, whereas only 5.19% fell into the
Nitrososphaera cluster (Figure 4A). Archaeal amoA
sequences isolated from the rhizosphere sediment
of Zizania caduciflora in January contained only
Nitrosopumilus cluster without the other two
clusters, which suggested the diversity of archaeal
amoA gene sequences in the rhizosphere sediment
of Zizania caduciflora in January was the lowest.
Three other samples were predominant with the
Nitrosotalea cluster with percentages of 96%, 86%,
59%, respectively. In addition to the Nitrosotalea
cluster, the sample from Phragmites australis in
January contained the Nitrosopumilus cluster (4%).
Samples from Zizania caduciflora and Phragmites
australis in August contained both Nitrosopumilus

FIGURE 2
Archaeal and bacterial amoA gene copy numbers in different emergent macrophytes rhizosphere
sediments. Data are presented as means ± standard deviation (n=3).
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FIGURE 3
Phylogenetic trees of archaeal (A) and bacterial (B) amoA sequences obtained in this study (red: JanuaryZ.caduciflora; yellow: January- P. australis; green: August- Z. caduciflora; blue: August- P. australis).
Only the representative sequences from each OTU were presented and the numbers in parentheses
indicated the number of sequences affiliated to the same OTU. Only bootstrap values greater than 50%
are shown near nodes.
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FIGURE 4
Relative proportions of archaeal (A) and bacterial (B) amoA gene representing different clusters from
different emergent macrophyte rhizosphere sediments.

collected during different seasons to compare the
abundance and community composition of
ammonia-oxidizing prokaryotes.
From different seasons, chemical properties of
two macrophytes rhizosphere were generally
shifting. Except for reversed values of NO3--N and
OM concentrations, TN, TP and NH4+-N were
found single-seasonally approximate for two
macrophytes, indicating a basic coincident
substance rhizosphere. Along the decreasing of pH,
chemical parameters were increasing more or less.
The nutrient levels demonstrated by TN, TP and
NH4+-N significantly varied in two rhizosphere. A
fuzzy but inspiring speculation was present that the
niches provided by two rhizospheres were similar
in single period, and macrophytes in this study
would be chief leading to changeable structures of
ammonia-oxidizers.

DISCUSSION AND CONCLUSIONS
Nitrogen cycling is an essential part of various
ecosystems, including lakes. Ammonia oxidation,
which is the first and rate-limiting step of
nitrification, plays an important role in nitrogen
cycling. Emergent macrophytes occupy an
important niche in lake ecosystems. The
macrophyte rhizosphere is of central importance for
plant nutrition, and health, microorganism-driven
ecosystem function and nutrient cycling in
ecosystems [25]. It is of great necessity to clarify
the mechanisms by which emergent macrophytes
influence the ammonia-oxidizer in lake ecosystems.
In the present study, the rhizosphere sediments of
two emergent macrophytes (Zizania caduciflora
and Phragmite saustralis) in Lake Taihu were
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January contained only the Nitrosopumilus cluster.
Bacterial amoA sequences obtained in this study
could be divided into N.oligotropha, N.communis,
and Nitrosospira lineages. The Nitrosospira lineage
predominated in the sediment sample of Zizania
caduciflora in January. All other samples primarily
contained the N.oligotropha lineage. Wei et al. [10]
reported that AOB were the predominant ammoniaoxidizer on the three rhizoplanesof common
floating aquatic macrophytes (Eichhornia crassipes,
Pistia stratiotes and Ipomoea aquatic) in a
eutrophic reservoir and the principal AOB were
Nitrosomonas europaea and Nitrosomonas ureae
clades. Another study found that retrieved
sequences were all related to Nitrosomonas marina
and Nitrosomonas ureae in the rhizosphere of Typh
alatifolia and Phragmites australis present in a
free-water constructed wetland system [2].
Significant
positive
correlations
were
observed between NO3--N and the abundance of
bacterial amoA gene (P<0.05). Previous studies
didn¶t show obviously similar result as did in the
present study. This contradiction may be attributed
to the complicated relationship among all the
complicated environmental factors. In addition, OM
concentrations exhibited positive correlations with
the abundances of archaeal amoA gene and
bacterial amoA gene (P<0.05), which suggested that
changes of organic material composition induced
by different macrophyte rhizospheres may cause
shifts in the community composition [22].
In conclusion, the abundance and community
composition of ammonia-oxidizing archaea (AOA)
and ammonia-oxidizing bacteria (AOB) in the
rhizosphere sediments of two types of emergent
macrophytes in January and August were
investigated. The presence of macrophytes can
expand the toxic sediment volume and stimulated
nitrification [32]. Different effects of macrophyte
rhizosphere on the abundance and diversity of
archaeal and bacterial amoA gene were observed
during different seasons. The data obtained in this
study may be helpful to provide information on
how macrophyte rhizosphere affect the abundances
and community compositions of AOA and AOB.
While further studies need to be performed to
obtain more evidences to elucidate the mechanism
RIPDFURSK\WHV¶HIIHFWVRQDPPRQLD-oxidizers.

In fact, the effects of emergent macrophyte
rhizospheres on the abundance and diversity of
archaeal and bacterial amoA gene differed.
Bacterial amoA gene abundance was higher than
that of archaeal amoA gene in the rhizosphere
sediment of Zizania caduciflora in August, whereas
the abundance of archaeal amoA gene was higher
than bacterial amoA gene in all other rhizosphere
sediment samples. The large picture from a
previous study quantified ammonia-oxidizing
archaea and bacteria in the bulk and rhizosphere of
dominant macrophyte sediments proved AOA were
more abundant than the AOB in nearly all samples
[17]. When trying to understand these contradiction
appeared in Zizania caduciflora in August, the pH
values condition was considered. Multiple studies
indicated that archaea predominate among
ammonia-oxidizing prokaryotes in acid ecosystems
[26, 27].The highest pH, which was near neutral,
appeared in the rhizosphere sediment of Zizania
caduciflora in August, which may be explained for
the relative abundance of archaeal and bacterial
amoA gene (pH values of Zizania caduciflora in
August were highest nearly 7.0 i.e. an neutral
environment). Other studies indicated that the
concentrations of ammonia may affect the
community composition of the ammonia oxidizer in
the rhizosphere of macrophytes sediments. Bodelier
et al. [28] analyzed the effect of oxygen and
ammonium on the interactions between the nitrifies
and denitrifying bacterium and determined that
ammonium was the limiting factor for nitrification
in the root zone of G. maxima, and the AOA
generally outcompeted AOB at low ammonia
concentrations [29, 30]. In this study, the NH4+-N
concentrations in the rhizosphere sediment of
Phragmites australis were higher than those of
Zizania caduciflora in both January and August,
and the same macrophytes retained minor variations
in different seasons. For the rhizosphere sediments
of Zizania caduciflora, the abundance of bacterial
amoA gene in August was higher than in January,
whereas the abundance of archaeal amoA gene in
January and August were similar. Therefore, the
higher ammonia concentration increased bacterial
amoA abundance. However, for the rhizosphere
sediments of Phragmites australis, the abundances
of both archaeal and bacterial amoA gene
abundances were higher in January than in August,
indicating that a higher ammonia concentration
decreased the abundances of both archaeal and
bacterial amoA. This distinction may be caused by
other toxic intermediates and their inhibitory effects
[31] (Zhao et al. 2014).
A total of 94.81% of all the sequences fell into
the Nitrosopumilus and Nitrosotalea clusters,
whereas only 5.19% fell into Nitrososphaera
cluster of the AOA sequences obtained in this study.
Archaeal amoA sequences isolated from the
rhizosphere sediment of Zizania caduciflora in
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YIELDING AND SIZE OF LOSSES AFTER STORAGE OF
POTATO (SOLANUM TUBE52680/ &8/7,9$5µ6$7,1$¶
DEPENDING ON THE FARMING SYSTEM AND THE SOIL
FERTILIZER APPLICATION
Elzbieta :V]HODF]\QVND-DURVáDZ3REHUH]ny, Dorota Wichrowska
Department of Microbiology and Food Technology, Faculty of Agriculture and Biotechnology,
University of Science and Technology

ABSTRACT

INTRODUCTION

The results of research come from two threefactor field experiments performed over 2009-2011.
The aim of paper was to determine the effect of the
application of various organic matter, soil fertilizer
and simplifications in potato growing on the total
tuber yield, mid-HDUO\ µ6DWLQD 1¶ FXOWLYDU %HVLGHV
after 6 months of storage quantitative losses were
determined.
Growing
simplifications
were
introduced; limiting mineral fertilization by 50% as
well as restrictions in chemical protection from
agrophages. Mineral fertilizers were applied and the
soil fertilizer was used at three rates. Potato yield was
highest when grown exposed to the full plant
protection after applying 100% of mineral
fertilization on FYM and it amounted to 49.4 t ha-1.
The statistical analysis showed that the organic matter
applied (except for straw) significantly increased the
tuber yield both against 100% and 50% of NPK.
Irrespective of the experimental factors, the soil
fertilizer significantly increased the total tuber yield
LQWKHµIHUWLOL]DWLRQH[SHULPHQW¶E\DQGOLPLWLQJ
the protection from agrophages by 8.8%. The highest
natural losses and total losses were reported after
tuber storage in traditional farming, that is exposed to
full NPK fertilization and full plant protection during
cultivation and they accounted for 3.77% and 3.94%,
respectively. The lowest losses were recorded for
potatoes grown on straw an average of 3.49%. Having
applied FYM and intercrop, the losses were higher
and accounted for 3.68% and 3.72%, respectively. A
50% decrease in mineral fertilization and the
application of soil fertilizer limited losses after tuber
storage.

There are many potato production systems
showing varied intensity levels: organic, low-input
traditional (most popular), integrated and traditional
intensive [1-5]. The results so far show that the tuber
yield is more enhanced not by natural fertilizers but
by mineral fertilizers. However, while applying
simplifications in potato growing, the importance of
FYM increases [1, 3, 6]. Agrotechnical practises
progress, environmental and consumer protection as
well as a decrease in the amount of FYM force the
application of simplified potato farming systems with
the use of biological agents [1, 5, 7-9]. All the bioagents, although their composition differs, carry the
same objective: to enhance physical, chemical and
biological soil properties, which should be translated
into the yield both in terms of quantity and quality.
Such agents include soil fertilizers, e.g. Ugmax,
which have been triggering much interest recently
among farmers, however, the number of reports on
the yield-forming effect is scarce [8, 9]. One shall
also remember that introducing simplifications in
potato cultivation and nursing treatments, despite
cost-cutting, can result in a variation in the yield
structure, such as the tubers getting smaller and
increased field weed-infestation which, as a result,
can deteriorate their quality [3, 10-13]. Considering
all those theses and no clear-cut response, the
international literature available so far, research has
EHHQ ODXQFKHG WR GHWHUPLQH WKH µ6DWLQD 1¶ SRWDWR
tuber yield size grown after the application of varied
organic matter and introducing simplifications to
mineral fertilization and plantation protection from
agrophages applied against the soil fertilizer. Besides,
after 6 months of storage, quantitative losses were
defined.

KEYWORDS:
potato, storage, total yield, chemical protection, losses, soil
fertilizer
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cyano-3- phenoxybenzyl (1RS,3RS;1RS,3SR)-3(2,2-dichlorovinyl)-2,2dimethylcyclopropanecarboxylate,
respectively,
Agriphar S.A., Belgium - Nurelle D 550 EC; 0.6 L
ha-1) as well as herbicide: linuron (3-(3,4dichlorophenyl)- 1-methoxy-1-methylurea, Agan
Chemical Manufactures Ltd., Israel - Afalon 50WP; 2
L ha-1).
Soil fertilizer - UGmax is a compost extract
which includes, next to a set of microorganisms,
includes the medium which facilitates their activation.
Those microorganisms are claimed to show some
properties of transforming, composting and
mummifying natural and organic fertilizers to
produce humus. That agent enhances the soil
structure, which facilitates water retention and
alleviates drought effects. It also limits bayous and
floodings, increases plant resistance and health status,
helps the development of the root system and fixing
free N.
TABLE 1
Chemical content of soil before field experiments
in 2009-2011.

MATERIALS AND METHODS
Over 2009-2011 in the Kuyavia-Pomerania
region, Experimental Station the Faculty of
$JULFXOWXUHDQG%LRWHFKQRORJ\ ¶1¶ E)
located in north central Poland there were performed
field experiments set up in Luvisol, formed from
glacial till, qualified as good rye complex. The two
experiments was set up as three-factor in split-plot, in
three reps. The research material involved the midHDUO\SRWDWR 6RODQXPWXEHURVXP/ FXOWLYDUµ6DWLQD
1¶ &HUHDOV FRQVWLWXWHG WKH IRUHFURS 3RWDWRHV ZHUH
mechanically planted at 0.75 × 0.35 m row spacing.
Single plot size was 35 m2.
Experiment I (2009-2011). Factor (A):
application of varied organic matter (FYM, straw,
stubble intercrop without additional matter); Factor
(B): NPK fertilization (100% and 50%); Factor (C):
fertilization with the soil fertilizer (fertilization, lack).
Experiment II (2009-2011). Factor (A):
chemical protection (full protection, without
herbicides, without fungicides, without insecticides);
Factor (B): organic matter application (FYM, straw,
stubble intercrop, without additional matter); Factor
(C): fertilization with soil fertilizer (fertilization,
lack). Mineral fertilizers were used in spring before
potato planting at the following rates: nitrogen ± 100
kg N ha-1 ammonium nitrate (34%), (Group Azoty
Nitrogen Establishments "Pulawy" SA, Poland,
PULAN ± saletra amonowa (NH4NO3); phosphorus ±
100 kg P2O5 ha-1 triple superphosphate (46%), (Group
Azoty Chemical Establishments "Police" SA, Poland,
superfosfat potrójny (Ca(H2PO4)2); potassium ± 150
kg K2O ha-1 potassium sulfate (50%), (Establishments
Trading Commodities "Siarkopol" Sp. z o.o
Tarnobrzeg, Poland, siarczan potasu (K2SO4)). The
soil fertilizer (UGmax) was used at three rates: in
autumn prior to pre-winter plough on the organic
matter at 0.6 L ha-1, in spring prior to tuber planting
during tillage at 0.3 L ha-1, foliar application during
the vegetation, with the potato plants 15-20 cm high
at 0.3 L ha-1. During the cultivation the following
potato protection agents were applied; fungicides:
cymoksanil
and
mancozeb
(2-cyano-N
[(ethylamino) carbonyl] -2 (methoxyimino) acetamide
and zinc complex of ethylene-bis-dithiocarbamate
manganese, Helm AG, Germany - Helm-Cymi 72,5
WP; 2 kg ha-1), mefenoxan and mancozeb (methyl N(methoxyacetyl)-N-2,6-xylyl-D-alaninate and zinc
complex of ethylene-bis-dithiocarbamate manganese,
Syngenta Crop Protection AG, Switzerland - Ridomil
Gold MZ 67,8 WG; 2 L ha-1), insecticide:
chlorpyrifos and cypermethrin (O,O-diethyl O-3,5,6trichloro- 2-pyridyl phosphorothioate and (RS)-Į-

Parameters
pH H2O
pH KCl
Organic C
Total N
Available P
Available K
Available
Mg

Unit
g kg-1
g kg-1
mg kg1

mg

kg-

1

mg kg1

Value
5.1-6.7
4.7-6.1
7.55-7.80
0.69-0.75
190.0-210.0
95.0-150.0
<20.0

Categories
Light acidity
Low richness
High richness
Medium
richness
Very low
richness

The composition of Ugmax includes bacteria of
lactic acid, photosynthetic bacteria, Azotobakter
Pseudomonas,
Actinobacteria.
Microand
macroelements: 3500 mg K L-1, 1200 mg N L-1, 100
mg S L-1, 500 mg P L-1, 200 mg Na L-1, 100 mg Mg
L-1, 20 mg Zn L-1, 0.3 mg Mn L-1 [8]. The field
experiment was carried out in light soil with a slightly
acid reaction, mean richness in available P and K
forms and very low Mg richness (Table 1). The
climate conditions pattern during vegetation period
was defined with the use of the mean air temperature
curve (°C), rainfall curve (10 °C = 20 mm), and a
lowered rainfall curve (10 °C = 30 mm) according to
Gregorczyk et al. [14]. The values falling within the
area defined by the rainfall curve below the
temperature curve stand for the period of drought.
The 2009 and 2011 (Figure 1) seasons demonstrated
drought periods in the first and in the final stage of
potato vegetation, while the conditions unfavourable
to the potato growth and development in the 2010
vegetation season occurred during tuberization.
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$LU WHPSHUDWXUH>&@
3UHFLSLWDWLRQ >PP@

Area determined by the
precipitation curve below
the temperature curve =
period of drought
Area determined by the
lowered precipitation curve
below the temperature curve
= period of semi-drought
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FIGURE 1 - Meteorological conditions in 2009-2011,
according to Gregorczyk et al. [14]
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FIGURE 1
Meteorological conditions in 2009-2011, according to Gregorczyk et al. [14]
Harvest was made at full physiological potato
maturity. During harvest there was determined the
total yield by calculating the tuber mass by weight.
From each plot samples were taken for storage (10
kg). The process of storage was conducted in
chambers with controlled conditions in the Institute of
Food Technology of the University Technology and
Life Sciences in Bydgoszcz. In the period of 6-mo of
storage, a constant temperature and relative air
humidity were maintained, being adjusted to the
potato tubers use method. Potato tubers were stored at
the temperature of +4 °C and relative air humidity of
95% (RH). After storage the size of losses of the fresh
weight and the percentage of natural losses were
determined.
The 3-yr research results were statistically
verified applying ANOVA method. The significance
of differences (LSD ± Lowest Significance
Difference) was evaluated using the Tukey multiple
FRQILGHQFHLQWHUYDOV IRUWKH VLJQLILFDQFHOHYHORIĮ 
0.05 and 0.01. The ANOVA of data was computed
using the Statistica (SAS Institute, Cary, North
Carolina, USA) computer program.

RESULTS AND DISCUSSION
Total tuber yield. The results of the present
research since the highest total tuber yield was
recorded in the farming system when exposed to
100% mineral fertilization on FYM as well as full
plant protection from agrophages (Tables 2 and 3)
and it was 49.4 t ha-1.
8VLQJ WKH VWUDZ GRHVQ¶W UHGXFH WKH WRWDO \LHOG
potato tubers in a relative to control object, but only
the total yields of tubers is lower in a relative to
manure and mineral fertilization. The biggest
influence on the total yield of potato tubers between
factors studding had manure and mineral fertilization,
and the lowest- fertilization with straw. It also
complies with the results by Blecharczyk et al. [15]
ZKHUH WKH WRWDO µ6DQWH¶ SRWDWR \LHOG ZDV KLJKHVW
following the FYM application together with mineral
fertilization and it amounted to 29.4 t ha-1. Such a big
difference in the yield size can be due to the
application, in the present research, of additional
fertilization with bio-agent in a form of soil
fertilization, which coincides with the results reported
by Truba et al. [5]; the highest yield were also
recorded following the application of mineral
fertilization and straw on soil fertilization, and it was
45.0
t
ha-1.
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TABLE 2
Total yield of potato tubers depending on factors research - organic fertilization and chemical protection.
Mean from 2009-2011 seasons (t ha-1).
Experimental factors
Organic matter (B)
Potato chemical protection
Stubble
Soil fertilizer (C)
Control
Straw
Manure
(A)
intercrop
Without soil fertilizer
39.6 ± 4.9
40.5 ± 6.4
39.0 ± 4.2
47.2 ± 1.3
Complete chemical
protection against pests
Soil fertilizer
40.6 ± 4.8
41.5 ± 4.9
40.1 ± 5.8
51.5 ± 1.8
Mean
40.1 ± 2.5
41.0 ± 3.7
39.5 ± 4.3
49.4 ± 5.2
Without soil fertilizer
40.3 ± 9.0
34.9 ± 2.2
37.6 ± 4.8
41.5 ± 4.6
Without herbicides
Soil fertilizer
44.6 ± 14.8
36.3 ± 4.5
46.6 ± 16.9
41.3 ± 7.7
Mean
42.5 ± 9.9
35.6 ± 11.1
42.1 ± 10.4
41.4 ± 10.8
Without soil fertilizer
40.6 ± 12.7
39.2 ± 12.4
41.8 ± 15.3
36.8 ± 7.8
Without fungicides
Soil fertilizer
41.4 ± 11.4
42.4 ± 16.0
42.6 ± 14.4
42.2 ± 14.7
Mean
41.0 ± 17.9
40.8 ± 17.2
42.2 ± 18.4
39.5 ± 16.8
Without soil fertilizer
40.0 ± 9.9
40.0 ± 8.7
40.2 ± 8.5
41.9 ± 7.9
Without insecticides
Soil fertilizer
42.4 ± 12.0
47.1 ± 17.9
46.4 ± 15.3
48.0 ± 12.4
Mean
41.2 ± 13.0
43.5 ± 13.4
43.3 ± 13.2
45.0 ± 13.9
Without soil fertilizer
40.3 ± 12.1
39.0 ± 11.5
39.4 ± 11.4
40.5 ± 11.7
Mean value
Soil fertilizer
42.5 ± 20.2
42.0 ± 19.5
43.7 ± 19.7
45.0 ± 20.3
Mean
41.4 ± 23.6
40.5 ± 22.9
41.6 ± 23.4
42.8 ± 24.1
Values are means ± standard deviation (n = 3),
7XNH\¶VWHVW /6'3 IDFWRUV$%&$%QV %$QV&$QV$&QV%&QV&%QV

Mean value
41.6 ± 4.2
43.4 ± 4.3
42.5 ± 4.5
38.6 ± 5.2
42.2 ± 11.0
40.4 ± 12.7
39.6 ± 12.1
42.2 ± 14.1
40.9 ± 17.6
40.5 ± 8.8
46.0 ± 14.4
43.3 ± 13.3
39.8 ± 16.1
43.3 ± 19.9
41.6 ± 23.5

*ns- nonsignificant
+RZHYHU =DU]\ĔVND
 *ROLV]HZVNL >@
demonstrated that the tuber yield size mostly depends
on the soil type In their research the mean yield for
heavy soils when exposed to compost application was
about 23 t ha-1 and for light soils on FYM ± only 10.5
t ha-1. Macák et al. [2], Rees et al. [4], Nowacki [6],
'YRĜiN HW DO >@ DQG*XJDáD HW DO >@ DQG RQ WKH
other hand, found that the size of potato yield depends
mostly ob the farming system applied. As reported by
Macák et al. [2] and Rees et al. [4] potatoes grown in
traditional farming system produced higher yields
than in the simplified system by 13.0-17.0%, 15.4%
and 24.4%, respectively. Nowacki [6] claims similar;
the more intensive the farming, the higher the total
potato yield and when exposed to intensive farming,
the yield was even more than 50 tonnes per hectare.
Irrespective of the experimental factors, the soil
fertilization applied, significantly increased the yield
in the fertilization experiment; by 6.8% (Table 2) and
in the experiment with a limited chemical protection ±
by 8.8% (Table 3), which complies with the results
UHSRUWHG E\ 7UDZF]\ĔVNL  %RJGDQRZLF] >@ ZKR
while applying soil fertilization, recorded an increase
in the total tuber yield of 7.1%. The same authors also
demonstrated especially favourable effect of the soil
fertilization applied on straw when exposed to no
mineral phosphorus-potassium fertilization. In those
conditions there recorded an increased in the tuber
yield by more than 9.0%, which points to a possibility
of introducing potato growing simplifications in that
area, which seems very important in organic crops.
6LPLODUUHVXOWVZHUHDOVRUHSRUWHGE\7UDZF]\ĔVNL 

Bogdanowicz [8], performing research in heavier
VRLOV -DEáRĔVNi [18], as a result of the spring
application of the soil fertilization, recorded an
increase in the potato yield by 12.2%. Applying it to
JURZµ7DMIXQ¶DQGµ6DWLQD1¶=DU]HFND *XJDáD>@
noted an increase in yield by an average of as much
as 30%. HowevHURQHVKDOOQRWHWKDWµ7DMIXQ¶UHDFWHG
WRWKHDJHQWZLWKDJUHDWHU\LHOGLQFUHDVHWKDQµ6DWLQD
1¶
Other reports by Zarzecka et al. [19], showed
that the application of the said agent increased the
yields from 8.5% to 53.9%, accompanied by a limited
tuber infestation with agrophages. Bernat [20], using
Rosahumus fertilizer at the rate of 3 and 5 kg ha-1,
recorded a significantly higher yield, as much as by
50.3 and 58.6%. In the present research the use of
natural fertilizers also significantly modified the size
of the total tuber yield. However, only after the use of
straw was there noted its decrease both against 100%
and 50% of NPK (Table 2), which coincides with the
UHVXOWV UHSRUWHG E\ 3áD]D >@ ,W LV WKH UHVXOW RI WKH
content of N in the fertilizers that had been used.
Legumes could be used in cut and carry systems to
improve soil fertility and physical conditions. As an
addition, manure causes the improvement of the
content of humus in soil. It causes improvement of
the amount and availability of food ingredients for
plants. The form of giving N to plants is also really
important [22]. Pawelzik and Möller [3], Zarzecka &
*XJDáD >@ =DU]HFND HW DO >@ 3áD]D >@ RQ WKH
other hand, claim otherwise; the application of straw.
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TABLE 3
Total yield of potato tubers depending on factors research - organic and mineral fertilization.
Mean from 2009-2011 seasons (t ha-1).
Experimental factors
Mineral fertilization (B)
Mean
Organic matter
value
Soil fertilizer (C)
100%
50%
(A)
Without soil
39.6 ± 4.9
36.6 ± 9.1
38.1 ± 7.0
fertilizer
Control
Soil fertilizer
40.6 ± 4.8
38.8 ± 6.7
39.7 ± 5.8
Mean
40.1 ± 4.5
37.7 ± 7.3
38.9 ± 5.4
Without soil
40.5 ± 6.4
38.5 ± 6.5
39.5 ± 6.2
fertilizer
Stubble intercrop
Soil fertilizer
41.5 ± 4.9
39.5 ± 6.4
40.5 ± 5.7
Mean
41.0 ± 7.5
39.0 ± 6.9
40.0 ± 7.8
Without soil
39.0 ± 4.2
29.4 ± 0.9
34.2 ± 2.6
fertilizer
Straw
Soil fertilizer
40.1 ± 5.8
39.0 ± 7.1
39.6 ± 6.5
Mean
39.5 ± 6.7
34.2 ± 8.4
36.9 ± 6.1
Without soil
47.2 ± 1.3
45.6 ± 0.8
46.4 ± 1.1
fertilizer
Manure
Soil fertilizer
51.5 ± 1.8
47.0 ± 2.8
49.3 ± 2.3
Mean
49.4 ± 3.1
46.3 ± 4.3
47.9 ± 3.9
Without soil
41.6 ± 5.9
37.5 ± 2.3
39.6 ± 6.4
fertilizer
Mean value
Soil fertilizer
43.4 ± 2.2
41.1 ± 5.7
42.3 ± 7.3
Mean
42.5 ± 3.8
39.3 ± 8.7
40.9 ± 14.4
Values are means ± standard deviation (n = 3),
7XNH\¶VWHVW /6'3 IDFWRUV
A: ns*; B: ns; C: 1.9;
A/B: 19.7; B/A: 7.3; C/A: ns; A/C: ns; B/C: ns;
C/B: ns.
*ns- nonsignificant
fertilization, green fertilizers or straw combined with
green fertilizers are slightly not as good as the effect
of FYM or biomass, which is also confirmed by
Macák et al >@ 'YRĜiN HW DO >@ -DEáRĔVNL >@
Muzira et al. [22] and Wierzbicka et al. [23].
According to Muzira et al. [22], application FYM of
potato yields were reported ranging from 13.5 to 15.9
t ha-1. Macák et al. [2], green manure management did
not influence yield significantly. In treatment without
green manure the average yield 20.5 t ha-1 was
reached with comparison to green manure application
treatments 20.9 t ha-1. According to As reported by
-DEáRĔVNL >@ DIWHU WKH DXWXPQ DSSOLFDWLRQ RI
additional aftercrop made up of white mustard, high
potato yields were reported ranging from 43.2 to 52.8
t ha-1. Wierzbicka et al. [23], on the other hand,
cultivating four early cultivars additionally on straw
and stubble intercrop made up of white mustard
recorded the yields from 30.8 to 44.1 t ha -1. Järvan &
(GHVL>@DVZHOODV=DU]HFND *XJDáD>@FODLPWKat
one should avoid any kinds of simplifications in root

crop growing, including potato. According to the
authors [10, 12, 13], the elimination of some
treatments increases the weed infestation of the field,
the share of minor tubers and helps their deformations
and, as a result, the yield gets lower and inputs get
higher. According to Järvan & Edesi [1] and Hamouz
et al. [24], a lack of the protection (herbicides,
fungicides, insecticides) and mineral fertilizers in
potato growing are a result of a decreased yield by
35.9% and up to 127.4%, respectively, which are
partially coincides with the results of the present
research. With simplifications in plantation protection
there has been a tendency to a decreased yield, even
though it was not significant (Table 3). The most
frequent causes of lower yields in ecological farming
systems are: shortage of nutrient content during
spring season, great competition of weed and
insufficient plant protection against diseases and pests
[1, 3]. Primary in pests control against Colorado
Potato Beetles in ecological faming were acquired
excellent results by use of bio-insecticide
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TABLE 4
Losses [%] after 6 months storage at 4 °C, depending on the factors research - organic fertilization and
chemical protection. Mean from 3 years.

A

Variant of the experiment*
B
Control

The complete
chemical
protection against
pests

Stubble intercrop
Straw
Manure

C
WSF
SF
WSF
SF
WSF
SF
WSF
SF

Mean
Control
Stubble intercrop
Without
herbicides

Straw
Manure

WSF
SF
WSF
SF
WSF
SF
WSF
SF

Mean
Control
Stubble intercrop
Without
fungicides

Straw
Manure

WSF
SF
WSF
SF
WSF
SF
WSF
SF

Mean
Control
Stubble intercrop
Without
insecticides

Straw
Manure

WSF
SF
WSF
SF
WSF
SF
WSF
SF

Mean
WSF
SF

Mean value
Mean

Natural losses
3.81 ± 0.21
3.72 ± 0.18
3.81 ± 0.19
3.62 ± 0.18
3.53 ± 0.20
3.45 ± 0.23
3.71 ± 0.18
3.65 ± 0.13
3.66 ± 0.81
3.56 ± 0.10
3.42 ± 0.18
3.61 ± 0.19
3.50 ± 0.29
3.42 ± 0.03
3.28 ± 0.25
3.57 ± 0.34
3.45 ± 0.12
3.48 ± 0.11
3.24 ± 0.45
3.31 ± 0.22
3.45 ± 0.26
3.51 ± 0.31
3.27 ± 0.37
3.12 ± 0.21
3.71 ± 0.28
3.65 ± 0.09
3.41 ± 0.33
3.51 ± 0.22
3.43 ± 0.25
3.26 ± 0.19
3.18 ± 0.24
3.52 ± 0.28
3.41 ± 0.15
3.74 ± 0.21
3.56 ± 0.25
3.45 ± 0.29
3.55 ± 0.45
3.45 ± 0.34
3.50 ± 0.47

Disease
0.21 ± 0.09
0.11 ± 0.04
0.23 ± 0.05
0.25 ± 0.11
0.23 ± 0.15
0.17 ± 0.14
0.19 ± 0.17
0.16 ± 0.08
0.19 ± 0.05
0.15 ± 0.08
0.21 ± 0.10
0.20 ± 0.08
0.18 ± 0.07
0.16 ± 0.03
0.14 ± 0.04
0.17 ± 0.02
0.14 ± 0.03
0.17 ± 0.05
0.17 ± 0.09
0.20 ± 0.03
0.13 ± 0.04
0.15 ± 0.02
0.14 ± 0.06
0.23 ± 0.05
0.24 ± 0.04
0.24 ± 0.03
0.19 ± 0.08
0.18 ± 0.02
0.21 ± 0.06
0.23 ± 0.04
0.12 ± 0.07
0.14 ± 0.05
0.12 ± 0.02
0.14 ± 0.08
0.17 ± 0.06
0.16 ± 0.07
0.18 ± 0.11
0.18 ± 0.08
0.18 ± 0.12

*Factors: A - Chemical protection of potato; B - The use organic matter;
(Without Soil Fertilizer), SF (Soil Fertilizer)

Sprouts
0.02
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.01
0.00
0.00

Total losses
4.04 ± 0.23
3.83 ± 0.26
4.04 ± 0.14
3.87 ± 0.12
3.76 ± 0.38
3.46 ± 0.47
3.90 ± 0.65
3.81 ± 0.25
3.84 ± 0.34
3.71 ± 0.14
3.63 ± 0.21
3.82 ± 0.35
3.68 ± 0.23
3.59 ± 0.20
3.42 ± 0.37
3.74 ± 0.41
3.59 ± 0.33
3.65 ± 0.47
3.41 ± 0.22
3.51 ± 0.31
3.58 ± 0.28
3.66 ± 0.35
3.42 ± 0.24
3.35 ± 0.30
3.97 ± 0.28
3.89 ± 0.27
3.60 ± 0.25
3.69 ± 0.34
3.64 ± 0.33
3.49 ± 0.46
3.30 ± 0.25
3.66 ± 0.27
3.53 ± 0.36
3.89 ± 0.31
3.74 ± 0.24
3.62 ± 0.31
3.73 ± 0.36
3.62 ± 0.39
3.68 ± 0.35

C - The use soil fertilizer: WSF

Natural losses. The objective of potato storage
production stage is not only maintaining the right
tuber quality but also limiting quantitative losses
(natural losses, tubers getting rotten). In the present
research natural and total losses were low (Tables 4
and 5).
The highest natural and total losses were
recorded after the storage of tubers grown in
traditional farming system, namely exposed to full
NPK fertilization and full plant protection during
cultivation and they accounted for 3.77% and 3.94%,
UHVSHFWLYHO\ 7DEOHVDQG -DEáRĔVNL>@VWRULQJ
potato tubers grown in traditional system received
much higher natural losses; from 6.70% and 7.40%

NOVODOR (86 % effectiveness) by Rifai et al. [25].
Interestingly, the use of soil nutrient each time the
protection got limited showed a significantly positive
effect on the total potato tuber yield, which also
complies with the results reported by Bernat [20].
Thereby, it is also important that the majority of plant
nutrients would be available already at the beginning
of growth. It is noted that the effect of soil fertilizer
on the potato yield depends considerably on the
yearly conditions. During years with early late blight
infestation or unfavourable conditions for manure
mineralization in soil, the yields remained low [3,
26].
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TABLE 5
Losses [%] after 6 months storage at 4 °C, depending on the factors research - organic and mineral
fertilization.
Mean from 3 years.
Variant of the experiment*
A

B

C

Natural losses

Disease

WSF
3.28 ± 0.33
0.12 ± 0.04
SF
3.14 ± 0.29
0.10 ± 0.02
Control
WSF
3.81 ± 0.37
0.21 ± 0.07
100%
SF
3.72 ± 0.23
0.11 ± 0.10
Mean
3.49 ± 0.35
0.14 ± 0.05
WSF
3.56 ± 0.17
0.14 ± 0.08
50%
SF
3.45 ± 0.15
0.10 ± 0.11
Stubble
WSF
3.81 ± 0.21
0.23 ± 0.04
intercrop
100%
SF
3.62 ± 0.19
0.25 ± 0.06
Mean
3.61 ± 0.15
0.18 ± 0.07
WSF
3.61 ± 0.10
0.15 ± 0.05
50%
SF
3.41 ± 0.19
0.13 ± 0.06
Straw
WSF
3.53 ± 0.17
0.23 ± 0.09
100%
SF
3.45 ± 0.07
0.17 ± 0.07
Mean
3.50 ± 0.09
0.17 ± 0.04
WSF
3.28 ± 0.28
0.12 ± 0.05
50%
SF
3.12 ± 0.37
0.11 ± 0.08
Manure
WSF
3.71 ± 0.31
0.19 ± 0.06
100%
SF
3.65 ± 0.25
0.16 ± 0.05
Mean
3.44 ± 0.29
0.15 ± 0.04
WSF
3.57 ± 0.21
0.17 ± 0.05
Mean value
SF
3.45 ± 0.22
0.14 ± 0.04
Mean
3.51 ± 0.25
0.16 ± 0.06
*Factors: A - Chemical protection of potato; B - The use organic matter;
C - The use soil fertilizer: WSF (Without Soil Fertilizer), SF (Soil Fertilizer)
50%

IRUµ$QGURPHGD¶DQGµ2PDQ¶WRDQGIRU
µ3DVDW¶ µ(ODQGD¶ DQG µ0HGHD¶ &]HUNR  -DQNRZVND
[27], on the other hand, after a long-term storage
period determined natural losses to account for
 :V]HODF]\ĔVND  3REHUHĪQ\ >@ DQG
Bhattacharjee et al. [10] claim that an increase in
natural losses is directly proportional to the storage
period length. According to the authors [24, 29],
potato growing simplifications do not decrease the
resistance of tubers to mechanical damage. During
storage it can directly decrease their susceptibility to
rot and decrease the tendency to the development of
diseases, which, as a result, can limit losses. The
present research confirm such statement since
introducing a simplification in chemical protection
and mineral fertilization did not increase them
considerably (Tables 4 and 5).
After 6 months of storage the lowest natural
losses were identified in the potatoes grown on straw;
an average of 3.49% (Table 4). Having applied FYM
and intercrop, the losses were higher; 3.68% and

Sprouts
0.00
0.00
0.02
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total losses
3.40 ± 0.37
3.24 ± 0.34
4.04 ± 0.35
3.83 ± 0.41
3.63 ± 0.38
3.70 ± 0.33
3.55 ± 0.25
4.04 ± 0.22
3.87 ± 0.23
3.79 ± 0.27
3.76 ± 0.15
3.54 ± 0.18
3.76 ± 0.19
3.63 ± 0.29
3.67 ± 0.25
3.41 ± 0.33
3.23 ± 0.39
3.90 ± 0.27
3.81 ± 0.25
3.59 ± 0.32
3.75 ± 0.25
3.59 ± 0.26
3.67 ± 0.31

3.72%, respectively. Similar relations were noted by
limiting mineral fertilization. Total and natural losses
when exposed to 100% of NPK fertilization
accounted for 3.77% and 3.94, respectively, while
when NPK decreased to 50%, the total losses were
3.32% and natural losses were even lower and they
accounted for 3.21%. Tuber mass losses, as a result of
diseases, are very of important in terms of economy
since they are the ones which mostly determine the
quality of the potatoes stored [30]. Diseases are an
important source of postharvest loss, particularly in
combination with rough handling and poor
temperature control. In the present research the losses
caused by diseases were very low and in the
experiment with limited protection they were, on
average, 0.17% (Table 5) and with varied natural
fertilization ± 0.15% (Table 4). Receiving such good
effects was due to the application of optimal and
stable storage conditions which can be attained in the
storage chamber under controlled conditions.
According to Sowa-1LHG]LDáNRZVND  =JyUVND >@
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TABLE 6
The correlation coefficients (r) between the studied characters of potato tubers.
Mean from 2009/2010, 2010/2011, 2011/2012 seasons.
Features
Total yield
Natural losses
Disease
Sprouts
Total yield
1
Natural losses
ns1
1
Disease
0.322*
0.360**
1
Sprouts
ns
ns
ns
1
Total losses
ns
0.975**
0.532**
ns
1
ns - nonsignificant
* indicates that the correlation is significant at the 0.05 probability level. >0.271
** indicates that the correlation is significant at the 0.01 probability level. >0.351
and Kibar [29], the size of losses during storage
caused by tuber diseases mostly depends on the
cultivars resistance. The present research confirms
VXFK WKHVLV VLQFH µ6DWLQD 1¶ UHSUHVHQWLQJ D JURXS RI
cultivars which are very resistant to diseases.
Thereby, it is also important that the total losses is
cultivar-specific and its key component are natural
losses and diseases [28-30]. The present research
confirmed such a dependence (Table 6). The high
significant positive correlation between the total
losses and natural losses r=0.975, also between the
total losses and diseases r=0.532.
Storage total losses of potatoes are often
specified as weight and diseases losses and are caused
mainly by respiration, sprouting, spread of diseases,
dehydration, changes in chemical composition of the
tuber. There is a difference, however, in sensibility
towards diseases and pathogens between different
potato varieties. Synthesis of pathogen-suppressive
compounds and production of thick protective surface
layers around damaged areas are some of several
mechanisms to acquire disease resistance. Since
potato tubers are usually stored at low temperatures it
may take weeks or even months before disease
symptoms are visible on the tubers [29]. However,
one shall note that the soil fertilizer applied during
cultivation, irrespective of all the factors limited
losses. Its effect is most visible in limiting losses
caused by diseases (Tables 4 and 5). Bernat [20],
using fertilization with Rosohumus during cultivation,
after four weekV RI µ,UJD¶ SRWDWR WXEHU VWRUDJH DOVR
reported a decrease in their infection. However, due
to low levels of tuber infections with diseases in the
control variant, he claims it does not allow for clearcut defining of the effect of that fertilizer on health
status.

Total losses

1

CONCLUSIONS
The highest tuber yield was reported for
traditional farming, exposed to a full protection and
100% of mineral fertilization. The use of varied
organic matter resulted in a significant increase in the
total potato tuber yield except for straw. Introducing
simplifications in the protection from agrophages and
mineral fertilization of potato plantation decreased the
tuber yield and increased fresh weight losses. The soil
fertilizer increased the tuber yield and limited natural
losses after storage. Bearing this in mind, it is
justified to apply bio-agents in potato growing
because they can transform the unavailable forms of
nutrients into available ones owing to the
microorganisms which they contain.
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SEARCH FOR THE NEW GENETIC RESOURCES
AGAINST TO DROUGHT
M Alp Furan 1*, Digdem Arpali2
<]QF<ÕO8QLYHUVLW\)DFXOW\RI$JULFXOWXUH'HSDUWPHQWRI3ODQW%LRWHFKQRORJ\9DQ7XUNH\
2
<]QF<ÕO8QLYHUVLW\)DFXOW\RI$JULFXOWXUH'HSDUWPHQWRI)LHOG&URSV9DQ7XUNH\

1

criterion as determined by [5]. Drought causes a
decrease in the RWC in plants [6]. [7,8] found
important positive interactions between shoot
length, coleoptile length, and under and above
ground fresh/dry weight in wheat genotypes under
drought stress as a phase of the first development
period [9]. [10] confirmed that the most important
criteria to select resistant wheat seedlings to
drought stress are the coleoptile and radicle length.
In fact, this has also been identified by [11]. When
drought occurs at the end of the vegetation, early
varieties of wheat are more efficient than late
varieties [12,13,14]. Early flowering and maturation
from environmental conditions are important
features considered when escaping drought [15]. In
this research, some bread wheat varieties (Süzen97, Aytin-98, Kutluk-94, Altay-2000, Harmankaya99, Bezostaya- 'R÷X-88, Nenehatun, and
Alparslan) are compared with Tir wheat to expose
tolerances against drought conditions and to
observe the effects of coleoptile length on their
resistance. Tir wheat can be planted deeper to
benefit from the moisture in lower layers of the soil
because of its long coleoptile Considering all of
these features of Tir wheat, it is obvious that it is
creating a valuable genetic resource for the new
researches, implementation strategies, and new
breeding programs.

ABSTRACT
The main purpose of plant breeders is to
develop efficient genotypes that are high and stable
under drought stress. Tir wheat (Triticum aestivum
L. ssp vulgare Vill. v. leucospermum Körn) is
mostly of a mixed population and it grows rapidly
after germination, which minimizes yield losses
caused by late planting. Because it has a long
coleoptile it is capable of germinating from 12 to
15cm deep cultivation. In the study, some of bread
wheat varieties and Tir genotypes were compared at
three different levels of osmotic pressure and
classified with SSR markers according to the
coleoptile length, as well as the germination
percentage of the fourth and eighth days and
relative water content, root length, shoots length,
and fresh weight. The aboveground and
underground dry weights were also tested for
differences. When considered from this perspective,
in arid conditions there is an important relationship
between coleoptile length and the drought
resistance index and that can be used in the
evaluation of drought resistance. Thus, Tir wheat
should be given priority in the breeding programs
against drought resistance. Tir wheat, with its long
coleoptile feature, shows tolerance against drought;
it should take place in breeding programs with its
genetic values.

MATERIALS AND METHODS

KEYWORDS:
Bread Wheat, Drought Tolerance, Coleoptile

In the study, some of bread wheat varieties
developed by Eastern Anatolia Agricultural
5HVHDUFK ,QVWLWXWH 'R÷X-88, Nenehatun, Lancer,
Alparslan) that are defined in their adaptations to
winter ecological conditions and developed by
Anatolian Agricultural Research Institute varieties
(Bezostaya1, Süzen-97, Aytin-98, Altay-2000,
Harmankaya-99) compared with Tir wheat which is
wide cultivation around the east of Turkey.
All varieties were treated with PEG6000 for
drought stress; Confirming characteristics were
based on the method used by [16,17,7]. In three
different osmotic pressures (control and -0.45, -0.77
Mpa) for creating drought stress were formed as
defined by [18]. Osmotic pressure was read with a
Vapro osmometer (vapor-pressure osmometer

INTRODUCTION
Abiotic stress factors are found the highest
percentage of drought stress in arable land around
the world [1]. Wheat production is usually done
through a dry farming system resulting from
drought, which causes serious problems in these
areas [2]. In a study conducted by [3], leaf relative
water content (RWC) is defined as effective
selection criteria for longer duration of grain filling
in dry conditions and positively related with the
higher yield potential. The measurement is simple,
with quick results and high heritability [4]. RWC
in the leaves of the plant determine important
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Mpa, and 0.77-Mpa) are shown in Table 3. Tir
wheat had the highest coleoptile length, and mean
differences with other varieties were statistically
significant (P<0.05) at all osmotic pressure levels.
The varieties responded differently across a range
of
Research has shown that Tir wheat is least
affected from drought compared to other varieties.
Indeed, [10] discovered that the most important
criteria is coleoptile and radicle lengths in selecting
resistant wheat seedlings. [26] also reported that
coleoptile length is an important parameter in
determining drought resistance in wheat. Wheat is
more resistant against extreme drought at the output
of the first leaf from the coleoptile [11]. It has been
determined that there is a positive correlation
between the coleoptile length and the number of
plants [27,28,29,30,]. A short coleoptile and a weak
output are associated with the presence of the RhtB1b and Rht-D1b dwarfism gene [27,28,30,31]. A
decrease in the cell volume causes a decrease in
plant length, a decrease in the leaf area, a
shortening of the intermediate nodes, and a
shortening of the coleoptile length [27,32,30]. Deep
sowing makes it possible to benefit from the
humidity on the surface of the soil when emerging
from seeds in arid and semiarid lands. Also, wheat
that has a long coleoptile are early emerging and
increase the number of grains per spike and spike
number [33]. However, deep cultivation of varieties
with a long coleoptile is less affected by drought
stress. At the same time, the selection of winter
wheat varieties, especially in low rainfall regions, is
vital for emergence and competition with the weeds
and grain yield [28,34].

Model 5520). Prepared solutions with PEG6000
applied to twenty seeds from each variety according
to [19]. The petri dishes stayed in the greenhouse
for 72 hours at 0C 22 in the dark and then exposed
to light for 12 hours at 0C 22 [20]. When the first
leaf emerged from the tip of the coleoptile RWC
was estimated according to [16] and was evaluated
from the following equation: RWC = [(FW ±
DW)/(TW ± DW)] X 100, where FW is the fresh
weight of the shoots, TW is the weight at full turgid
[21]. DNA was extracted as described in [22] for
molecular characterization. In this study, PCR
analysis proceeded in 15 μl. Total volume included
ZLWKQJJHQRPLF'1$ȝPG173¶V)5
+1 pmol / primer, 10X buffer and 25 mM MgCl2,
5U/ μl Taq DNA. The lengths ranged from 18-25,
bases 35 SSR primers (WMC 24, 25, 27, 41, 43, 44,
47, 48, 49, 51, 52, 54, 63, 78, 89, 94, 95, 96, 97,
104, 105, 147, 149, 150, 153, 154, 156, 157, 161,
165, 166, 167, 168, 169, 175) were used as forward
and reverse. The genetic likeness between
genotypes and the genetic distance values were
calculated to be 0 for the absence of bands and 1 for
the presence of bands, according to [23]. The
dendrogram was obtained from different
fingerprints using the NTSYSpc package program
[24]. Genetic distances and different likeness index
coefficients (simple matching coefficient or dice
coefficient) and multidimensional ratings and/or
dendrograms were created with UPGMA
(Unweighted pair group method with arithmetic
mean). All statistical analyses were performed
using SAS version 9.3 [25]. To get a data normality
test and descriptive statistics, Proc Univariate and
Proc Means were used, respectively. Proc Glm was
utilized to perform analysis of variance and
'XQFDQ¶VPXOWLSOHFRPSDULVRQV

Relative Water Content. Descriptive
statistics and the results of ANOVA for varieties to
RWC (%) in three levels of osmotic pressure
(control, 0.45 Mpa, and 0.77-Mpa) is shown in
Table 4. Tir wheat has the highest RWC values, and
its mean differences with other varieties were
statistically significant (P<0.05) at all osmotic
pressure levels. The differences of comparative
water content between the varieties are explained as
the drought resistant varieties are capable of the
absorption of water that already exists in the soil or
their stomata activities decrease less [6,35]. Tir
wheat was found to be the most resistant variety
compared with the other varieties because of the
highest RWC at applying the highest dose of
osmotic pressure. Decreasing the RWC in drought
conditions is caused by collapsing the cytoplasmic
content in decreasing the water of the cell and
damaging the cell membrane [35,36]. It makes the
stomata close and decreases photosynthesis. Also
the high RWC prevents losing the flexibility of the
cell membrane, which is an important mechanism
for drought resistance [37,38,39,40]. This effect can

RESULTS
Coefficients of correlation for all variables are
shown in Table 1. All correlations among all
variables were found to be statistically highly
significant (P<0.0001). Considering a dependent
variable coleoptile length, the regression model is
as follow,
CL=-0.901+0.021RL***-0.000SL-0.014FSW0.009FRW-0.127DRW***0.131DSW***+0.035RWC***
All varieties means were compared for all
variables with one-way ANOVA without
considering osmotic potential effect in Table 2. In
this Table, Tir wheat has the highest mean value for
all variables and is statistically different from the
other varieties (P<0.001).
Coleoptile Length. Descriptive statistics and
UHVXOWV RI $129$ IRU YDULHWLHV¶ FROHRSWLOH OHQJWK
in three levels of osmotic pressure (control, 0.45
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coleoptile length, aboveground fresh and dry
weight, and underground fresh and dry weight
[57,7,8]. It appears that priority should be given to
varieties with a long coleoptile length for drought
resistance [57]. There is a significant relationship
between the drought resistance index and coleoptile
length in arid conditions.

make the plant more tolerant under drought stress
and can maintain the yield stability [41,3].
Above and Underground Dry Weights
(DRW-DSW). To be statistically significant,
differences among the varieties were identified in
terms of underground and aboveground dry weight.
While increasing the drought stress the maximum
value was determined from the Tir wheat in point
of both features. Results for DRW and DSW are
shown Table 5 and Table 6, respectively. Increasing
osmotic pressure conversely, significant reduction
occurred in dry weight [46]. The subsoil
development of drought-tolerant varieties is better
compared to the susceptible varieties, and can be
very different according to the variety [47,20,48].
The roots that prolong to reach the water at
unreachable depths in the soil profile cause a
reduction in shoot dry weight [49].

Molecular Marker Analysis. Amplification
products were obtained for all 35 SSRs tested on
ten genotypes (Bezostaya, Lancer Harmankaya,
Aytin-98, Tir, Altay-2000, Süzen-97, Alparslan,
Dogu88, and Nenehatun). SSR analysis was taken
into consideration in 141 pieces of bands and gave
a total of 35 primers. The resulting bands were 87
pieces polymorphic and 54 bands monomorphic
were observed. The numbers of bands for each
individual were calculated to be about 4. The
genotypes were classified into two clusters. In the
ILUVW FOXVWHU WZR JHQRW\SHV 'R÷X  DQG
Nenehatun, were classified. In the second cluster
eight genotypes were subdivided into two clusters.
The second subdivided cluster formed
genotypes that separated among themselves and the
Tir wheat genotype obtained similar results in terms
of coleoptile length. Heritable differences among
genotypes rates have changed from 0.07 to 0.25.
The mean difference in genotypes ratio was
detected as 0.17.
Tir and Nenehatun were found to be the most
distant genotypes, with 0.25 ratios from each other
and a dendrogram was constructed using these
distances(Fig.1)

Above and Underground Fresh Weights
(FSW-FRW). The FSW of all varieties were found
to decrease with increasing drought stress (Table 7).
A reduction in water uptake in germinating
seedlings adversely affected seedling growth
[52,20]. The FSW decreases with increasing
drought [53]. Differences were considered
statistically between the varieties under the
increasing drought stress (Table 7-8). Tir wheat was
determined to be the most tolerant variety at all
level. The highest values of above- and
underground fresh weights were found in Tir wheat
(43.33 ± 2.64 mg; 36.05±1.59 mg) (Table 2). There
is a positive and significant correlation between the

FIGURE 1
Genetic Dendrogram
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TABLE 1
Correlation coefficients between the characters examined in this study
RL
RL

SL

FSW

FRW

DRW

DSW

RWC

CL

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

P<0.0001

SL

0.7267

FSW

0.8681

0.8251

FRW

0.6509

0.7545

0.7688

DRW

0.4487

0.6166

0.6059

0.7056

DSW

0.7425

0.7235

0.8086

0.7803

0.6720

RWC

0.3942

0.5941

0.5575

0.5280

0.6818

0.5503

CL

0.7292

0.6433

0.7091

0.6454

0.4604

0.7445

P<0.0001
0.5289

TABLE 2
Mean values and standard errors for the characters studied in bread wheat varieties for all variables
CL
Varieties1

RWC

(x r Sx ) (x r Sx )

RL

SL

FSW

(x r Sx )

(x r Sx )

(x r Sx )

DRW

DSW

(x r Sx ) (x r Sx ) (x r Sx )

Bezostaya

3.92±0.10B

75.20±2.79BC 88.30±4.63BC

89.63±7.82A

Lancer

3.96±0.28B

75.59±1.32BC 86.82±5.98BC

75.47±10.59AB 34.13±4.27ABC 27.48±3.60BC 5.09±0.30B

7.19±0.70CD

86.86±1.84A

49.57±1.43E

60.87±8.04B

23.17±1.40D

6.83±0.20CDE

Harmankaya 2.95±0.15D

40.94±4.63AB

FRW

32.25±0.58AB 6.61±0.78A

27.18±1.75BC 6.12±0.48AB

9.80±0.51A

Aytin

3.52±0.06BCD 71.41±1.59C

94.10±3.70ABC

92.60±9.77A

35.86±3.34ABC 30.59±1.78AB 5.15±0.18B

7.48±0.37BCD

Tir

4.93±0.18A

88.13±1.65A

105.80±5.33A

96.77±5.66A

43.33±2.64A

9.35±0.78AB

Altay

3.63±0.20BC

74.22±2.44BC 95.37±5.04AB

77.47±8.00AB

34.95±3.20ABC 27.73±1.20BC 5.79±0.47AB

7.91±0.62BC

Süzen

3.64±0.16BC

71.98±0.39C

83.73±10.07BCD 53.46±2.86B

33.86±3.74ABC 27.56±2.21BC 5.96±0.18AB

8.42±0.39ABC

Alparslan

3.63±0.26BC

78.92±1.37B

88.53±2.99BC

69.67±6.39AB

30.56±2.88BCD 17.37±1.79D

3.70±0.15C

5.82±0.62DE

'R÷X

3.22±0.23CD

70.26±2.16C

78.49±5.43CD

75.59±10.09AB 34.41±3.32ABC 22.09±1.16CD 2.78±0.29C

5.92±0.86DE

Nenehatun

3.05±0.17CD

78.76±1.22B

70.21±3.06D

75.37±8.43AB

29.28±2.73CD

26.37±1.87BC 6.46±0.34A

5.09±0.28E

Common

3.68±0.08

77.53±0.75

85.14±2.02

77.14±2.74

34.13±1.13

27.37±0.78

7.32±0.23
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TABLE 3
Some Descriptive statistics of different osmotic pressure levels for the Coleoptile Length in bread
wheat varieties.
Coleoptil length (cm)
Osmotic Pressure
Varieties1

x r Sx

Bezostaya

4.11±0.08Ca
B

Control
Min.

Max.

x r Sx

3.90

4.30

3.73±0.14CBa
B

-0.45 MPa
Min.

Max.

-0.77 MPa
Min.

x r Sx

3.28

4.16

B

-

-

1.50

4.00

-

-

Lancer

4.92±0.15

a

4.48

5.30

3.94±0.11

3.70

4.30

Harmank.

3.28±0.15Ea

3.10

3.88

2.61±0.13Eb

2.16

2.90

Aytin

3.64±0.08CDEa

3.42

3.90

3.40±0.05CDb

3.30

3.58

-

-

Tir

5.55±0.13Aa

5.20

5.88

5.24±0.07Ab

5.10

5.42

4.01±0.03Ac

3.93

4.10

Altay

4.06±0.25Ca

3.54

4.70

4.02±0.14Ba

3.70

4.45

2.81±0.27Bb

2.04

3.68

Süzen

3.98±0.16Ca

3.50

4.40

3.30±0.19Db

2.94

3.84

-

-

4.14

5.30

3.64±0.15CBDb

3.14

3.96

2.20

2.60

3.30

4.20

2.60±0.15Eb

2.02

2.80

-

-

3.06

3.96

2.33±0.29

1.60

2.90

2.02

5.42

2.93±0.17

1.50

4.10

B

ab

Alparslan

4.74±0.21

'R÷X

3.83±0.15CDa

Neneh.

3.44±0.06DEa

3.30

3.60

3.39±0.18CDa

General

4.15±0.10

3.10

5.88

3.58±0.11

a

3.02±0.57

Max.

b

-

2.50±0.08Bc
B

b

1

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure

TABLE 4
Some Descriptive statistics of different osmotic pressure levels for the RWC in bread wheat varieties.
RWC (%)

Varieties1

Control
Min.

x r Sx

Osmotic Pressure
-0.45 MPa
Min.

Max.

x r Sx

89.67

67.23±0.68Fb

86.17

74.84±0.77CDb

-0.77 MPa
Min.

Max.

x r Sx

68.88

-

-

-

72.34

76.70

70.28±0.18Cc

70.00

70.80

Max.

Bezostaya

83.17±1.71BCa

Lancer

81.65±1.16Ca

Harmank.

92.21±0.77Aa

90.90

94.20

81.51±0.62

b

80.00

82.75

-

-

-

Aytin

75.39±1.56Da

72.03

79.80

67.44±1.05Fb

63.28

68.86

-

-

-

Tir

95.23±0.97Aa

98.82

88.67±0.33Ab

89.30

80.48±0.38Ac

80.00

82.00

70.00

77.28

63.95±1.45Dc

60.26

69.16

70.00

72.16

-

-

-

c

73.22

75.10

B

80.46
80.03

92.93

B

Altay

85.45±1.06

a

82.80

88.29

73.25±1.17DEb

Süzen

72.75±0.43Da

71.71

73.99

71.22±0.46Eb

88.05

76.64±0.54Cb

B

83.11

87.60

B

75.00

78.20

b

60.77

67.75

-

-

-

77.61±1.34Cb

72.47

79.50

74.33±0.68Bc

72.38

75.53

60.77

89.30

72.66±1.15

60.26

82.00

Alparslan

85.82±0.84

'R÷X

76.06±1.34Da

72.66

78.78

64.47±1.57

Neneh.

84.33±0.56BCa

83.25

86.42

General

83.20±1.02

71.71

98.82

74.28±1.02

a

65.60

1

G

74.30±0.32

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure.
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TABLE 5
Some Descriptive statistics of different osmotic pressures levels for the Dry root weight in bread wheat
varieties.

Varieties1

x r Sx

Min.

Dry root weight (mg plant-1)
Osmotic Pressure
-0.45 MPa
Max.
Min.
Max.
xrS

Bezostaya
Lancer

8.92±0.28Aa
6.16±0.06Da

8.08
6.00

9.82
6.34

4.31±0.15Db
5.49±0.20Bb

4.02
5.00

4.84
5.98

Harmank
.
Aytin

7.52±0.16Ca

7.16

8.04

4.71±0.10Cb

4.36

4.90

5.65±0.09Ea

5.32

5.84

4.64±0.12CD

4.28
6.20

Control

-0.77 MPa

x r Sx

Min.

Max.

0.00
3.63±0.17C

3.00

3.95

0.00

-

-

4.96

0.00

-

-

6.54

5.51±0.17A

5.13

5.69

3.00

3.80

3.00

3.32

5.00

5.15

3.00

5.96

x

c

b

8.43±0.18Aa

Tir

8.00

8.96

6.29±0.06Ab

c

Altay

7.61±0.14Ca

7.20

7.98

6.31±0.13Ab

6.00

6.80

3.43±0.18C
c

Süzen
Alparslan

6.42±0.16Da
4.42±0.19Fa

6.04
4.04

6.78
4.94

5.50±0.10Bb
3.49±0.07Eb

5.24
3.25

5.74
3.64

'R÷X
Neneh.

3.62±0.16Ga
8.11±0.03Ba

3.00
8.06

3.90
8.20

1.95±0.02Fb
6.20±0.13Ab

1.88
6.00

2.00
6.70

General

6.68±0.24

3.00

9.82

4.88±0.19

1.88

6.80

0.00
3.20±0.06C
b

0.00
5.05±0.03B
c

4.16±0.19

1

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure

TABLE 6
Some Descriptive statistics of different osmotic pressures levels for the Dry shoot weight in bread wheat
varieties.
Dry shoot weight (mg plant-1)
Osmotic Pressure
Control

-0.45 MPa

Varieties1

-0.77 MPa

Min.

Max.

x r Sx

10.30

11.90

8.32±0.10Bb

x r Sx
Bezostaya

11.28±0.27Ba

Lancer

9.43±0.13Da

Harmank.

7.33±0.19Fa

Aytin

8.55±0.16Ea

Tir

12.19±0.23Aa

Altay

10.44±0.15Ca

10.14

10.98

8.40±0.13

b

Süzen

9.58±0.15Da

9.00

9.82

7.27±0.12Cb

Alparslan

9.07±0.10Da

9.36

4.27±0.18Fb

'R÷X

8.49±0.17

E

a

G

Neneh.

6.26±0.12

General

9.26±0.24

a

Max.

x r Sx

Min.

Max.

8.10

8.70

-

-

-

3.00

3.92

9.72

8.60±0.08

b

8.40

8.80

3.53±0.18Dc

7.16

7.92

6.34±0.14Db

6.04

6.80

-

-

-

8.04

8.84

6.41±0.08Db

6.20

6.59

-

-

-

12.72

10.51±0.11Ab

10.74

5.35±0.04Ac

5.22

5.45

8.08

8.72

4.89±0.05Bc

4.68

4.97

7.00

7.64

-

-

-

4.00

4.98

4.13±0.04Cb

4.01

4.25

3.00

3.72

-

-

-

3.28

4.15

3.00

5.45

9.00

11.66

8.88
8.06

B

Min.

B

G

10.22

8.92

3.35±0.14

6.00

6.72

5.19±0.06Eb

5.00

5.34

3.81±0.18DCc

6.00

12.72

6.86±0.30

3.00

10.74

4.34±0.15

b

1

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure
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TABLE 7
Some Descriptive statistics of different osmotic pressures levels for the Fresh shoot weight in bread wheat
varieties
Fresh shoot weight (mg plant-1)
Control
Varieties

1

x r Sx

Min.

-0.45 MPa

-0.77 MPa

Max.

x r Sx

Min.

Max.

x r Sx

Min.

Max.

59.00

27.20±0.86Cb

24.00

29.00

-

-

-

Bezostaya

54.68±1.19Aa

Lancer

56.40±0.68Aa

55.00

58.00

25.80±0.97CDb

23.00

28.00

20.20±0.66Cc

18.00

22.00

Harmank.

27.22±0.80Da

25.50

29.60

19.12±0.10Fb

18.90

19.40

-

-

-

Aytin

45.76±0.83Ca

43.00

47.80

25.96±0.77CDb

24.00

28.00

-

-

-

Tir

54.88±1.31Aa

52.20

59.00

43.78±1.31Ab

41.50

48.80

31.32±0.55Ac

30.00

32.50

Altay

50.82±0.41Ba

49.80

52.00

32.00±0.59Bb

30.00

33.40

22.02±0.25Bc

21.60

23.00

Süzen

44.82±1.36Ca

20.00

26.30

-

-

-

Alparslan

45.62±0.61Ca

20.00

24.00

'R÷X

44.26±0.96Ca

42.00

Neneh.

43.32±0.91Ca

40.60

General

46.79±1.18

25.50

52.80

41.90
43.70

22.90±1.08

E

23.94±0.88

DE

46.90

24.56±0.29

CDE

45.90

24.38±1.04Fb

59.00

26.96±0.95

49.60
47.10

b

20.80

b
b

B

25.80

22.12±0.87

23.70

25.10

-

-

-

22.00

28.10

20.14±0.25Cc

19.50

21.00

18.90

48.80

23.16±0.88

18.00

32.50

b

1

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure
TABLE 8
Some Descriptive statistics of different osmotic pressures levels for the Fresh root weight in bread wheat
varieties.
Fresh root weight (mg plant-1)
Control

Varieties1

33.22±0.87Ba

Lancer

43.58±0.68Aa
B

x r Sx

30.00

33.00

-

-0.77 MPa
Min.

x r Sx

31.90

36.60

31.28±0.55Ba

45.50

28.14±0.76Cb

26.00

30.00

10.72±0.21

20.10

25.20

22.60

29.90
39.70

29.84±0.38Ac

42.00

Harmank.

32.14±0.88

a

30.00

34.90

22.22±0.83Db

Aytin

35.14±1.36Ba

31.40

39.50

26.04±1.45Cb

Tir

43.48±0.57Aa

45.30

34.82±1.54Ab

B

Max.

Max.

x r Sx
Bezostaya

-0.45 MPa
Min.

Min.

42.40

30.30

Max.

-

-

10.0

11.10

-

-

-

-

-

-

29.00

31.00

E

B

c

Altay

33.26±1.35

a

30.70

37.90

25.76±0.97Cb

24.00

28.50

24.18±0.80

21.90

26.20

Süzen

33.76±1.62Ba

30.10

39.80

21.36±0.47DEb

20.20

23.00

-

-

-

Alparslan

26.68±0.81Ca

24.80

29.20

12.96±0.58Fb

12.00

14.70

12.46±0.37Db

11.50

13.70

'R÷X

25.42±0.67Ca

23.00

27.10

18.76±0.31Eb

18.00

19.70

-

-

-

Neneh.

34.48±1.77Ba

30.20

39.10

26.24±1.03Cb

23.60

28.60

18.40±0.53Cc

16.60

19.70

General

34.16±0.86

23.00

45.50

24.75±0.89

12.00

39.70

19.12±1.47

10.00

31.00

b

1

Means sharing the same superscript with capital letters are not significantly different for varieties, same
subscript with small letters are not significantly different for osmotic pressure
affected by increasing drought stress and dose
responses of the varieties determined to be
statistically different and important. According to
the results of correlation and regression analysis,
the root length and the aboveground dry weight
were identified as two important variables affecting
coleoptile length. Tir wheat, when compared with
other wheat varieties that have a long coleoptile,

DISCUSSION AND CONCLUSIONS
This study was conducted determine the
coleoptile length of some bread wheat varieties
under drought stress and their genetic diversities by
molecular marker analysis results. The subject
wheat varieties of the research were significantly
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was identified as a less-effected genotype from
drought. They were screened in different groups
according to the data obtained from molecular
analysis by using microsatellite markers. As seen
from the obtained dendrogram, Tir wheat (Triticum
aestivum L. ssp vulgare Vill. v. leucospermum
Körn) was separated from the other genotypes with
the longest coleoptile and was screened to take part
in the different groups. The coleoptile length will
undertake an important role against negative effects
of drought stress currently resulting from global
warming. The data obtained from this study show
that Tir wheat is important because of its own
characteristics of drought resistance and supplies a
precious genetic material to breeding programs that
will be created in the future.
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COMBINED EFFECTS OF SALINITY AND PEG-INDUCED
OSMOTIC STRESS ON ANTIOXIDANT DEFENCE SYSTEM
IN ENDEMIC HALOPHYTE SALVIA HALOPHILA HEDGE
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Aksaray University Faculty of Science and Letters Biology Department, 68100, Aksaray TURKEY
2
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cause oxidative stress. In order to alleviate the
deleterious effects of ROS, plants have efficient
enzymatic and non-enzymatic defense mechanisms
[2, 3]. The responses of plants to salt, drought and
combination of different stress factors are important
for enhancing the defense mechanisms to salt and
drought stresses [4]. Surviving in these conditions
over the evolutionary process provides plants
regulation of their physiology [5], and salt-tolerant
species could accumulate important metabolites
that have role as osmoprotectants and radical
scavengers [2]. In this case, halophytes are of
special interest. In many halophytes tolerance
mechanism to salinity and other combined stresses
are generally common [6].
The genus Salvia is the largest genus of
Lamiaceae family. Within this genus, many species
have significant economic value [7]. Extracts of
Salvia constitute rich source of polyphenols capable
of
scavenging
radicals
[8,9].
Salvia
halophila Hedge is an endemic halophyte near from
Tuz Lake in Turkey. Tuz Lake, with its
distinguished flora and fauna, is one of the most
important areas in the world [10]. The potential of
S. halophila was reported for the treatment of
inflammatory disorders and it is also used as herbal
tea in Central Anatolia [11, 12]. However there is
no knowledge about the response of S. halophila to
combined stress. Polyethylene glycol (PEG) is a
high molecular weight polymer that induces
osmotic stress in plants [13]. In this study our aim
was to examine the antioxidative responses of
endemic halophyte S. halophila to combined
salinity and PEG-induced osmotic stresses.

ABSTRACT
The responses to multiple stress factors vary
from the individual stress. In this respect the
response of halophytes is of special interest. The
present study was initiated to determine the
combined effects of salinity and polyethylene
glycol (PEG)-induced osmotic stresses on the
antioxidant defence system of Salvia halophila
Hedge (Lamiaceae), an endemic halophyte from
Turkey. Seeds were collected from near Tuz Lake
in Turkey, germinated on agar plate and grown in
MS medium. The seedlings of S.halophila were
exposed to salt, PEG, and salt+PEG stress
combinations. Chlorophyll, total phenolic, and
MDA contents; SOD, APX, CAT, and GR activities
in the leaves of S. halophila were analysed. High
salinity caused a decrease in chlorophyll content.
SOD, APX, and GR activities were increased by
PEG-induced osmotic stresses. MDA content was
increased in the combined stress treatment.
According to our results, the antioxidant defence
mechanism of S. halophila was found to be more
efficient for the individual salinity and PEG stresses
compared to the combined stress conditions.
KEYWORDS:
Antioxidant enzymes, PEG, salinity, stress combination,
Salvia halophila

Abbreviations:
APX ascorbate peroxidase, BSA bovine serum
albumin, CAT catalase, EDTA ethylenediamine
tetraaceticacid, GR glutathione reductase, H2O2
hydrogen peroxide, MDA malondialdehyde, NBT
nitroblue tetrazolium, PEG polyethylene glycol,
PVP polyvinylpyrrolidone, ROS reactive oxygen
species, SOD superoxide dismutase, TBA
thiobarbituric acid, TCA trichloroacetic acid

MATERIALS AND METHODS
Growth conditions and stress treatment.
The seeds of Salvia halophila were collected from
Aksaray Eskil, near Tuz Lake, Turkey, in 2013.
Seeds were surface sterilized, then resuspended in
sterile 0.3% (w/v) low-melting-point agarose. Then
the seeds were sown onto agar plates for
germination. Murashige and Skoog (MS) salts [14]
with 3% (w/v) sucrose and 1.2% (w/v) agar, pH 5.7
were used [15]. The plates were then placed in the

INTRODUCTION
Drought and salinity are major abiotic stress
factors affecting plants growth and productivity [1].
These stresses lead to the production of ROS that
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growth chamber (RUMED 3501) in a vertical
position for germination. Seedlings were transferred
to individual pots filled with perlite. The seedlings
were watered regularly with ½ Hoagland solution.
After 2 months the plants were exposed to salinity
and PEG 6000 (0, 50, 100 mM NaCl, 10 % PEG,
PEG+50 mM NaCl, PEG+100 mM NaCl) within
the Hoagland solution for 2 weeks. The osmotic
potential of PEG 6000 is equivalent to -0.40 MPa.
The experiment was laid out as a randomized
complete block design with three replications. The
leaves (0.2g, 0.3 g, 0.5g) were frozen in liquid
nitrogen and then stored at -80 oC until analyses.

calculated using a calibration curve of gallic acid
and the results were expressed as mg of gallic acid
per g (GEA) of dry weight of plant.
Lipid peroxidation. Lipid peroxidation was
analyzed by measuring the amount of MDA
according to Ohkawa et al., [24] and Karabal et al.,
[25]. MDA content was determined by using the
extinction coefficient of 155 mM-1 cm-1.
Statistical analysis. The effect of salt, PEGinduced osmotic stress and combined stress were
determined using one-way variance analyse
ANOVA. The treatment means were compared by
least significant difference (LSD) test at p<0.05.
The spread of values is shown in the figures as
standard errors of the means.

Total chlorophyll content. Total chlorophyll
content was determined according to Arnon [16],
and chlorophyll concentrations were calculated as
follows.
Chlorophyll
a+b(mg/g)=[8.02xA663+20.20xA645]xV/1000xW.
V=volume of the extract (ml); W=Weight of fresh
leaves (g) [17].

RESULTS AND DISCUSSION
The response to a combination of various
stress conditions is an important property and it
cannot be extrapolated from the individual stress at
physiological
and
metabolic
level
[26].
Identification of the tolerance mechanisms of
halophytes to salinity and other combined stresses
could provide breeding plants for salt affected
agricultural lands [6]. In this case it is important to
evaluate the properties of halophytes against
multiple stress conditions, such as salinity and
drought.
In previous studies with an exposure to high
salinity, a decrease in chlorophyll content was
mentioned in Suaeda salsa [27], Atriplex halimus,
A. canescens, and A. nummularia [28], and Salvia
miltiorrhiza [29]; under drought stress in S.
officinalis [30, 31], also under salinity and PEG
stresses in Jatropha curcas [32]. These results are
in accordance with our findings, with a decrease in
chlorophyll content under the high salinity
application. In the combined stress, the PEG+100
mM NaCl treatment decreased the total chlorophyll
content significantly, which could be caused by
high salinity (p<0.05) (Fig. 1). In addition, no
significant change was mentioned in the halophyte
Thellungiella halophila [33] indicating high
resistance to photoinhibition according to salinity
response of the plant species. Chlorophyll levels
were also unaltered in Salvia officinalis in response
to high temperature and drought stress combination
[34]. In our study, we can suggest that in
S.halophila high salinity could have deleterious
effects on the chlorophyll content during both
individual and the combined stress conditions.
Halophytes usually have various biochemical
mechanisms in order to alleviate the damages
caused by salt triggered oxidative stress [35, 36]. In
this defence mechanism, antioxidants, and
compatible solutes play important role as

Enzyme extractions and assays. 0.5 g leaf
samples were homogenized with 50 mM sodium
phosphate buffer (pH 7.8) containing 1 mM EDTA
and 2% (w/v) PVP. Samples were centrifuged at
12.000 g for 10 min at 4 oC, and supernatants were
used for determination of enzyme activity and
protein content. The total soluble protein contents
of the enzyme extracts were analyzed according to
Bradford [18] using BSA as standard. The
spectrophotometric analyses were conducted on
T80+UV-VIS Spectrometer (PG Instruments). The
specific enzyme activities were expressed as units
mg-1 protein.
Superoxide dismutase (SOD; EC 1.15.1.1)
activity was analyzed according to Beyer and
Fridowich [19]. One unit of SOD activity was
defined as the quantity that cause a 50 % inhibition
of NBT, and the specific enzyme activity was
expressed as units mg-1 protein. Catalase (CAT; EC
1.11.1.6) activity was measured according to
Bergmeyer [20]. The disappearance of H2O2 was
determined at 240 nm. One unit CAT activity was
defined as 1 μmol H2O2 destroyed per minute. APX
activity (APX; EC 1.11.1.11) was measured at 290
nm according to Nakano and Asada [21]. The
concentration of oxidized ascorbate was determined
by using extinction coefficient of 2.8 mM-1 cm-1.
One unit of APX activity was defined as μmol mL-1
oxidized ascorbate per min. Glutathione reductase
(GR, EC 1.6.4.2) activity was assayed according to
Carlberg and Mannervik [22] by following the
oxidation of NADPH2 at 340 nm.
Analysis of total phenolic compound.
Sample preparation and the amount of total
phenolics were determined according to Djeridane
et al., [23]. The content of total phenolics was
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FIGURE 1
The effects of salinity, PEG and combined stresses on total chlorophyll content in the leaves of S.
halophila. C:Control; 50: 50mM NaCl; 100: 100 mM NaCl; P: PEG, P+50: PEG+50 mM NaCl; P+100:
PEG+100 mM NaCl. Vertical bars indicate ±SE and values sharing a common letter are not significantly
different at p < 0.05.

FIGURE 2
The effects of salinity, PEG and combined stresses on SOD, CAT, APX and GR activities in the leaves of
S. halophila. C:Control; 50: 50mM NaCl; 100: 100 mM NaCl; P: PEG, P+50: PEG+50 mM NaCl; P+100:
PEG+100 mM NaCl. Vertical bars indicate ±SE and values sharing a common letter are not significantly
different at p < 0.05.
biochemical markers [37]. In previous studies it has
efficient during the individual stress which could
been mentioned that salt tolerance might be related
indicate a better protection mechanism against ROS
to the antioxidative response in the halophyte
detoxification in these conditions (Fig.2).The
Suaeda salsa [38], Cakile maritima [39], and
increase in antioxidant enzyme activities could
Spartina densiflora [36]. In Suaeda maritima,
enhance the defence mechanism to oxidative stress
antioxidant molecules were mentioned to have an
[41]. In the halophyte Hordeum maritimum, the
important role under combined waterlogging and
activities of SOD, APX, and GR were increased
salinity stresses [40]. In our study in S.halophila,
under salinity, and gave a better radical scavenging
the antioxidant defence mechanism was more
ability [42]. In Gypsophila oblanceolata, increased
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FIGURE 3
The effects of salinity, PEG and combined stresses on total phenolic content in the leaves of S. halophila.
C:Control; 50: 50mM NaCl; 100: 100 mM NaCl; P: PEG, P+50: PEG+50 mM NaCl; P+100: PEG+100
mM NaCl. Vertical bars indicate ±SE and values sharing a common letter are not significantly different at
p < 0.05.

mentioned that the total phenolic content of S.
mirzayanii was increased by the increase in salt
concentration. Parallel to this study, we found an
increase in phenolic content during the stress
treatments indicating the increase in response to
oxidative stress. In S. officinalis, total polyphenol
content was increased by drought stress, and the
drought tolerance was mentioned to be related with
the capacity of limiting oxidative stress [31]. In an
another study in Salvia sclarea, the phenolic
content was reported to be high under 25 and 50
mM NaCl treatments, but decreased significantly
with the application of 75 mM NaCl application
[50]. In our study, total phenolic content was found
to be higher under 100 mM NaCl application than
that of 50 mM NaCl treated plants (p<0.05). In
addition, in S.halophila the defence mechanism by
enhancing phenolic content was induced higher in
the salt stress than PEG-induced osmotic stress and
combined stress conditions (Fig. 3).
Malondialdehyde (MDA) is an important
marker for determining the lipid peroxidation.
Decreases in MDA content under low salinity in the
halophyte Salicornia brachiata [35] and under heat
stress in Salvia officinalis [34] were reported.
Parallel to previous studies, MDA content of Salvia
halophila was decreased by salt stress, which could
indicate the antioxidant defence mechanism was
efficient at eliminating lipid peroxidation caused by
salinity. However, increases in MDA content under
salt application in Sphaerophysa kotschyana [51],
and under water stress in Salvia officinalis [30]
were reported. In our study, an increase in the
MDA content was found under combined stress
indicating the antioxidant tolerance mechanism was
not sufficient to eliminate the deleterious effects of
combined stress conditions (p<0.05) (Fig. 4).

activities of SOD, APX, and CAT under salinity
were shown to prevent the oxidative damage.
However, induced stimulation of antioxidant
enzymes was not sufficient to cope with the
increased ROS and MDA contents [43]. In our
study, under salt stress we found an increase in
APX, and GR activities and a decrease in MDA
content, this could indicate a better radical
scavenging activity under salinity.
In Cakile maritime, increased CAT, APX, and
GR activities were identified as being related to the
salt tolerance; however, high salinity caused a
decrease in antioxidant activities as well as a high
MDA content [39]. In Limonium stocksii and
Suaeda fruticosa, it was shown that CAT activity
was increased while APX was decreased by salt
stress [44]. However, in our study, APX activity
was increased significantly by the salt and PEG
stress treatments (p<0.05). Under these stress
conditions, APX could be more effective than CAT
at scavenging H2O2 in S. halophila. Parallel to our
study, under salinity in Suaeda salsa enhanced
APX activity was reported [38]. Türkan et al., [45]
indicated that a salt-tolerant species could also have
a high tolerance to the combination of salinity and
waterlogging stresses, however according to our
findings; we can suggest that S. halophila can avoid
the oxidative damage during individual stress more
than combined stress.
Phenolic
compounds
have
significant
antitumor and antibacterial properties related with
their antioxidant activity [46]. Halophyte species
have been shown to have a wide range of
polyphenolic contents and antioxidant capacities
[47]. High amount of phenolic content and radical
scavenging abilities of Salvia cedronella [48] and S.
halophila [12] were reported. Valifard et al., [49]
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FIGURE 4
The effects of salinity, PEG and combined stresses on lipid peroxidation in the leaves of S. halophila.
C:Control; 50: 50mM NaCl; 100: 100 mM NaCl; P: PEG, P+50: PEG+50 mM NaCl; P+100: PEG+100
mM NaCl. Vertical bars indicate ±SE and values sharing a common letter are not significantly different at
p < 0.05.

[3] Gill, S.S., Tuteja, N. (2010) Reactive oxygen
species and antioxidant machinery in abiotic
stress tolerance in crop plants. Plant
Physiology and Biochemistry, 48, 909±30.
[4] Chaves, M.M., Flexas, J., Pinheiro, C. (2009)
Photosynthesis under drought and salt stress:
regulation mechanisms from whole plant to
cell. Annals of Botany, 103, 551±60.
[5] Zhang, J., Jia, W., Yang, J., Ismail, A.M.
(2006) Role of ABA in integrating plant
responses to drought and salt stresses. Field
Crops Research, 97(1), 111±119.
[6] Hamed, K.B., Ellouzi, H., Zribi Talbi, O.,
Hessini, K., Slama, I., Ghnaya, T., Munné
Bosch, S., Savouré, A., Abdelly, C. (2013)
Physiological response of halophytes to
multiple
stresses.
Functional
Plant
Biology, 40(9), 883±896.
[7] $OED\UDN 6 $NVR\ $ +DP]DR÷OX (
(2008) Determination of antimicrobial and
antioxidant activities of Turkish endemic
Salvia halophila Hedge. Turkish Journal of
Biology, 32, 265±270.
[8] Ge, G., Zhang, Q., Ma, J., Qiao, Z., Huang, J.,
Cheng, W., Wang, H. (2014) Protective effect
of Salvia miltiorrhiza aqueous extract on
myocardium oxidative injury in ischemicreperfusion rats. Gene, 546(1), 97±103.
[9] Porres-Martínez, M., González-Burgos, E.,
Carretero, M.E., Gómez-Serranillos, M.P.
(2014) Influence of phenological stage on
chemical composition and antioxidant activity
of Salvia lavandulifolia Vahl. essential oils.
Industrial Crops and Products, 53, 71±77.
[10] Mergen, O., Karacaoglu, C. (2015) Tuz Lake
Special Environment Protection Area, Central
Anatolia, Turkey: The EUNIS Habitat
Classification and Habitat Change Detection
between 1987 and 2007. Ekoloji, 24, 95, 1±9.

CONCLUSIONS
Tolerance to a combination of stress
conditions can help develop plants with enhanced
tolerance mechanisms. And also the increase in
antioxidant enzyme activities and total phenolic
content could ameloriate the deleterious effects of
ROS. However according to our results, we can
conclude that in Salvia halophila Hedge the
antioxidant defence mechanism was found to be
more efficient for the individual salinity and PEGinduced osmotic stresses compared to the combined
stress.
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treatment is described based on the statistics data
and quantitative analysis [12]. The result of the study
can help summarize the research worldwide process
of sludge treatment and provide a scientific guide of
the global universal ecological problem for the
researchers.

ABSTRACT
Sludge is the production of the sewage
treatment, which is characterized by higher water
contents, complicated components, huge yields and
lethal impact on the environment. Therefore the
sewage treatment has attracted more attention.
Bibliometric analysis is used in the study for
quantitative evaluation of current research trend on
the sludge. The research articles indexed from the
Science Citation index-Expended in Web of Science
database published from 1992 to 2009 were
investigated. Results indicated that the scientific
papers published on the sewage treatment had
significant increase over the years and America
dominated the research. However among the
institutes, the CSIC from Spain has the largest
production. In the field of the environment
engineering, the journals Water Research and
Bioresource Technology have published more
articles in this area. The most cited papers are
respectively quoted 596 times and 465 times. Key
words analysis reveals that removal, degradation,
heavy-Metals, bacteria, digestion have become the
research hotspots during the latest 18 years.

MATERIALS AND METHOD
ISI Web of Science is widely used scientific
information source which covers the most subjects
categories. Documents used in this study were based
on the online database of the Science Citation Index
6&,  IURP WKH ,6, :HE RI 6FLHQFH ³6OXGJH DQG
((trea* not treatment not treating not treated not
treatments not treat not treatability not treats not
treaty not treatable not treatment not treating) or
(dispos* not disposability not disposition not
disposals not disposal not disposed not disposers not
disposer not dispose not disposable not disposing not
GLVSRVLWLRQV ´ZHUHXVHGDVWKHNH\ZRUGVWRVHDUFK
titles, abstracts and keywords from 1992 to 2009 and
21722 articles were searched out. Of all the 21722
articles, 15441 were journal articles (71.085%),
5112 proceeding papers (23.534%), 835 reviews
(3.844%), 104 meeting abstracts (0.479%), 83 notes
(0.382%), 63 editorial materials (0.290%), 41
discussions (0.189%), 13 corrections (0.060%), 10
letters (0.046%), 8 news items (0.037%), 5 reprints
(0.023%), 4 addition corrections (0.018%), 2 book
reviews (0.009%) and 1 database review (0.005%).
As journal articles were the most representational
document type, the 15441 journal articles were
chosen as the original data for the study. All the
needed information including names of authors,
title, year of publication, keywords, names of
journals publishing the articles, subject categories,
contact address and etc. was manually put into
Microsoft Excel 2007. Journal articles without all
the needed information for this study were excluded
and only 12648 were left to be analyzed. Of all the
12648 journal articles, English articles were 12181,
accounting for 96.30%, which indicated its
dominant position and higher widespread rate in the
future. Portuguese (0.90%), German (0.75%),
Japanese (0.44%) and Spanish (0.42%) were the

KEYWORDS:
sewage treatment, Science database, Bibliometric analysis,
research hotspots

INTRODUCTION
Because of the rapid development of
wastewater treatment, the world sludge production is
also rapidly increasing, thus making the effective
and harmless disposal of sludge a research hotspot
[1-4]. Different properties of the wastewater can
result in different characteristics of the sludge
produced [5-7]. Many sludge treatment and disposal
technologies have been developed for sludge with
different properties, like sludge dewatering, resource
utilization, incineration, landfill, etc [8-11].
In this study, by doing bibliometric analysis
with articles published during the past 18 years
concerned sludge treatment in SCI journals,
distribution patterns of articles on the sludge
3186
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of the articles published in 2009 (1691) was over 7
times more compared with that of 1992 (236).The
average number of authors per article increased from
3.1 in 1992 to 4.1 in 2009, with an overall average of
3.5. The cited reference count during the 18 years
also had a very fierce increase, changing from 20 to
31 in average, which reflected the important
reference of these

following top languages with highest frequency.
There were only 11 Chinese articles, accounting for
0.08% of all.
Articles originating from England, Scotland,
Northern Ireland and Wales were reclassified as
being from the United Kingdom. Articles originating
from Hong Kong were reclassified as being from
China. Collaboration type was determined by the
addresses of the authors. If the addresses of authors
were from the same country, the article was marked
³VLQJOH FRXQWU\ DUWLFOH´ 2WKHUZLVH LW ZDV PDUNHG
³LQWHUQDWLRQDOO\ FROODERUDWLYH DUWLFOH´ ³6LQJOH
LQVWLWXWH DUWLFOH´ DQG ³LQWHU institutionally
FROODERUDWLYH DUWLFOH´ ZHUH FODVVLILHG LQ WKH VLPLODU
way.

RESULTS AND DISCUSSION
Characteristics of publication outputs
during 1992±2009. The total number of journal
articles related to sludge treatment during the past 18
years was displayed in Fig.1 where the research
trend in this field can be indicated. The amount of
researches on sludge treatment, according to this
FIGURE 1
figure, was continuously increasing for the past 18
Number
of
SCI
articles
on sludge treatment or
years, with slow rate before 2000 and significantly
disposition
during
1992 to 2009
fast rate after 2002, which was affected by many
factors. More detailed statistical information of these
publications about sludge treatment was
summarized in Table 1. From the table, the number
TABLE 1
Statistical information of the publication about sludge treatment from 1992 to 2009
Year

TP

AU

AU/TP

NR

NR/TP

PG

PG/TP

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
Total

236
276
319
363
394
409
444
486
495
598
615
708
778
969
1093
1256
1518
1691
12648

731
868
1015
1110
1222
1330
1512
1596
1765
2120
2261
2614
2886
3713
4210
4970
5976
6948
46847

3.1
3.1
3.2
3.1
3.1
3.3
3.4
3.3
3.6
3.5
3.7
3.7
3.7
3.8
3.9
4.0
3.9
4.1

4610
5899
6516
7477
8848
10045
11013
11314
11711
15306
16050
19261
21072
27032
32728
37077
44962
52678
343599

20
21
20
21
22
25
25
23
24
26
26
27
27
28
30
30
30
31

2115
2468
2942
3127
3473
3745
3987
4339
4216
5335
5622
6711
7030
8652
9914
10835
12780
14132
111423

9.0
8.9
9.2
8.6
8.8
9.2
9.0
8.9
8.5
8.9
9.1
9.5
9.0
8.9
9.1
8.6
8.4
8.4

Average

3.5

25.3

8.9

TP, number of articles; AU, number of authors; PG, page count; NR, cited reference count; AU/TP, the average
number of author per article; PG/TP, the average page count per article; NR/TP, the average cited reference count
per article.
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TABLE 2
Top 10 most productive countries of articles on sludge treatment in research period
Country

TP

TP R (%)

SP R (%)

CP R (%)

FP R (%)

RP R (%)

USA
China
Spain
Canada
UK
Japan
Germany
France
India
Turkey

2142
1068
897
880
788
759
614
538
514
462

1 (17)
2 (8.5)
3 (7.1)
4 (7)
5 (6.3)
6 (6)
7 (4.9)
8 (4.3)
9 (4.1)
10 (3.7)

1 (15)
2 (6.9)
3 (6.7)
4 (6.2)
6 (5)
5 (5.5)
9 (3.6)
10 (3.3)
7 (4.1)
8 (3.8)

1 (27)
2 (16)
6 (9.2)
4 (11)
3 (12)
8 (8.5)
4 (11)
7 (8.8)
19 (3.8)
22 (3)

1 (14)
2 (7.2)
3 (6.3)
4 (6)
6 (5)
5 (5.3)
8 (3.6)
10 (3.3)
7 (3.7)
9 (3.4)

1 (14)
2 (7.3)
3 (6.6)
4 (5.8)
6 (4.7)
5 (5.3)
9 (3.6)
10 (3.4)
7 (3.7)
8 (3.6)

displayed in Table 3, which also included the percent
and
rank
of
single
institute
articles,
inter-institutionally collaborative articles, first
author articles and corresponding author articles. Of
the top 10 institutes, 6 were from China (including
Hong Kong), 2 from Canada, 2 from Turkey, and
respectively 1 from Spain, India, Taiwan, Singapore,
Australia, Netherlands, Belgium, UK, France and
USA. Though CSIC from Spain was the most
productive institution in this field, Dokuz Eylul
University from Turkey had more independent
research ability. During 1992 to 2009, the 6 most
productive institutions in China were Chinese Acad
SCI, Harbin Inst Techol, Tongji University,
Tsinghua University, Zhejiang University and Hong
Kong University, respectively ranking 2, 10, 13, 14,
15 and 20 of all the institutions.

published articles. Moreover, the average length of
the journal articles had an unsteady trend with an
overall average of 8.9 pages. The overall statistical
data showed that researchers from all over the world
paid more and more attention to the field of sludge
treatment since the serious environmental pollution
raised by the fast economic development alarmed us
to seek for effective ways of solving water pollution
problems as soon as possible.
Distribution of countrywide and institute
publications. The contribution of different countries
was evaluated by the location of the affiliation of at
least one author of each published articles. The top
10 countries ranked by the number of their
publications during the past 18 years was displayed
in Table 2 which also included the percent and rank
of single country articles, internationally
collaborative articles, first author articles and
corresponding author articles. USA, with 2142
articles in total (accounting for 17%), had almost
twice more articles than China, the second rank
country with 1068 articles (accounting for 8.5%).
Furthermore, USA also had the highest number of
single country publications, which made it the most
independent research country worldwide. Spain,
Canada, UK, Japan, Germany, France and India
published over 500 articles, with respectively 6.7%,
6.2%, 5%, 5.5%, 3.6%, 3.3% and 4.1% single
country publications. The amount trend of
publications of the first eight countries on time span
was indicated from Fig.2. According to the figure,
China had relatively less publications before 2001.
However, after that the amount of articles published
by China started to increase significantly. Till 2008,
China became the most productive country in the
field of sludge treatment. This demonstrated that
sludge treatment had become a very important issue
in China.
The top 10 institutes ranked by the number of
their publications during the past 18 years was

FIGURE 2
Publication output of the top 5 countries during
1992 to 2009
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TABLE 3
Top 10 most productive institutions of articles on sludge treatment in research period
Institution

TP

TP R (%)

SP R (%)

CP R (%)

FP R (%)

RP R (%)

CSIC,Spain

184

1 (4.9)

2 (1.6)

2 (1.5)

1 (1)

1 (1.3)

Chinese Acad Sci,China

144

2 (3.9)

8 (0.68)

1 (1.5)

3 (0.59)

2 (0.94)
3 (0.88)

Indian Inst Technol,India

124

3 (3.3)

4 (1)

4 (1.1)

7 (0.54)

Dokuz Eylul Univ,Turkey

105

4 (2.8)

1 (1.7)

57 (0.37)

2 (0.69)

4 (0.84)

Natl Taiwan Univ,Taiwan

104

5 (2.8)

8 (0.68)

5 (1)

3 (0.59)

5 (0.74)

Nanyang Technol Univ,Singapore

100

6 (2.7)

4 (1)

11 (0.74)

5 (0.56)

6 (0.72)

Univ Queensland,Australia

98

7 (2.6)

10 (0.63)

6 (0.94)

11 (0.46)

10 (0.6)

Univ British Columbia,Canada

96

8 (2.6)

4 (1)

15 (0.69)

6 (0.55)

8 (0.63)

Univ Quebec,Canada

94

9 (2.5)

14 (0.55)

6 (0.94)

9 (0.5)

7 (0.7)

Harbin Inst Technol,China

91

10 (2.4)

240 (0.085)

3 (1.2)

31 (0.25)

9 (0.63)

number of articles in Environmental Sciences and
Environmental Engineering which could be caused
by the more and more intense lack of energy and
water resources in the recent years.
The 12648 articles were published in 1135
journals. The top 10 journals which published the
most articles on sludge treatment from1992 to 2009
were separately analyzed in Table 4 where the core
journals with their impact factors, the number of
publication, the percentage of total articles and
subject categories were listed. Water Research with
1111 articles (accounting for 8.8%) ranked first and
it also had a relatively high impact factor, which
makes the journal a very impactive publication in the
field of sludge treatment. Next to Water Research
were Bioresource Technology, Environmental
Technology, Journal of Hazardous Materials and
Chemosphere with respective publication amount of
572, 450, 421 and 385. Fig.4 showed the growth
trend of publication output of each journal. Journal
of Hazardous Materials published the least articles
about sludge treatment in 1992, but became the most
productive one in 2009, with a sharp growth rate
during the 18 years.

FIGURE 3
Comparison between the growth trends of
subject categories on the top 5 sludge treatment
relate articles during the past 18 years
Distribution of output in subject categories
and journals. In 2007, Journal Citation Report
(JCR) of the ISI contained 6426 major journals
across 172 scientific disciplines in the Science
Citation Index (SCI). Based on the classification of
subject categories in JCR, the 12648 publications
about sludge treatment during the past 18 years were
distributed into 145 SCI subject categories.
According to the statistical data, the most common
subject categories were Environmental Sciences,
Environmental Engineering, Water Resources,
Biotechnology & Applied Microbiology, Chemical
Engineering. This indicated that sludge treatment
was an important issue in the environmental field
and the technology of sludge treatment was a key to
disposing the waste generated after water treatment.
The output trend of the most common subject
categories was statistically analyzed in Fig.3. From
this figure, the number of articles about sludge
treatment in the 5 most common subject categories
was steadily increasing during the past 18 years,
especially in the field of Environmental Sciences,
which showed the great concern on sludge treatment
and disposition. There was a vast increase in the

FIGURE 4
Comparison between the growth trends of
journals on the top 4 sludge treatment related
articles during the past 18 years
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TABLE 4
Top 10 core journals
SO

IF

TP(%)

Water Research

4.355

1111(8.8)

Bioresource Technology

4.253

572(4.5)

Environmental Technology

0.762

450(3.6)

Journal of Hazardous Materials

4.144

421(3.3)

Chemosphere

3.253

385(3)

Water Environment Research

0.965

371(2.9)

Water Science and Technology

1.094

291(2.3)

Environmental Science & Technology

4.63

271(2.1)

Journal of Environmental Engineering-ASCE

1.048

220(1.7)

Process Biochemistry

2.444

197(1.6)

SC
Engineering, Environmental
Environmental Sciences
Water Resources
Agricultural Engineering
Biotechnology & Applied Microbiology
Energy & Fuels
Environmental Sciences
Engineering, Environmental
Engineering, Civil
Environmental Sciences
Environmental Sciences
Engineering, Environmental
Environmental Sciences
Limnology, Water Resources
Engineering, Environmental
Environmental Sciences
Water Resources
Engineering, Environmental
Environmental Sciences
Engineering, Environmental
Engineering, Civil
Environmental Sciences
Biochemistry & Molecular Biology
Biotechnology & Applied Microbiology
Engineering, Chemical

TABLE 5
Top 30 frequency of words in title of the articles on sludge treatment from 1992 to 2009
Words in title

92-09 TP

92-09 R (%)

92-97 R (%)

98-03 R (%)

04-09 R (%)

sludge
treatment
wastewater
sewage
anaerobic
activated
removal
soil
process
reactor

4285
2947
2386
1470
1367
1357
1061
949
823
796

1(34)
2(23)
3(19)
4(12)
5(11)
6(11)
7(8.4)
8(7.5)
9(6.5)
10(6.3)

1(25)
2(20)
9(6)
7(7.1)
3(11)
14(5.4)
11(5.7)
5(7.9)
8(6.3)
15(5.4)

1(37)
2(22)
3(19)
4(13)
6(10)
5(12)
8(7.3)
7(8.7)
10(5.8)
12(5.4)

1(35)
2(25)
3(22)
4(12)
6(11)
5(11)
7(10)
11(6.9)
10(6.9)
9(6.9)

TABLE 6
Top 10 frequency of author keywords used
Author Keyword

92-09 TP

92-09 R (%)

92-97 R (%)

98-03 R (%)

04-09 R (%)

activated sludge
sewage sludge
wastewater treatment
sludge
wastewater
heavy metals
nitrification
anaerobic digestion
biodegradation
denitrification

1062
752
580
483
416
385
374
361
336
282

1 (11)
2 (7.6)
3 (5.9)
4 (4.9)
5 (4.2)
6 (3.9)
7 (3.8)
8 (3.6)
9 (3.4)
10 (2.8)

1㸦18㸧
2㸦8.3㸧
10㸦3.2㸧
3㸦5.6㸧
45㸦1㸧
6㸦4.6㸧
4㸦4.9㸧
8㸦4.3㸧
5㸦4.8㸧
6㸦4.6㸧

1㸦13㸧
2㸦9.2㸧
3㸦6.5㸧
4㸦5.7㸧
5㸦4.6㸧
6㸦4.5㸧
7㸦3.8㸧
8㸦3.5㸧
9㸦2.9㸧
10㸦2.7㸧

1(8.6)
2(6.8)
3(6.1)
5(4.4)
4(4.7)
8(3.5)
7(3.5)
6(3.6)
9(3.3)
11(2.6)
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information of the top 10 author keywords was
collected and shown in Table 6. Based on the data
given in the table, removal of heavy metals was a
focus item in sludge treatment and anaerobic
nitrification was a mainstream method.

Distribution of Word in Title Analysis. The
trend in sludge treatment research field could be
reflected by analyzing the words in the title of
articles. Words like sludge, treatment, wastewater,
sewage and anaerobic appeared a lot in the title of
journal articles in this field. The high frequency of
ZRUG ³DQDHURELF´ FRXOG WHll that anaerobic
technology was the most economic and effective
way to dispose sludge during the research period.
Moreover, biological method was a major research
direction in this field.

Distribution of keyword plus analysis.
Analysis of keywords plus can help compare the
difference between author keywords and reveal the
detailed information in the articles. The distribution
of the keywords plus with its rank and percentage
during the research period was displayed in Table 7.
Among the top 10 keywords plus, only the words
³GHJUDWLRQ´RU³EDFWHULD´ did not appear in the top 10
of author keywords, which could be regarded as
additional indication that bacteria, as a kind of
PLFURRUJDQLVPZDVDYHU\XVHIXO³WRRO´WRGHJUDGH
organic substance in the process of sludge treatment.

Distribution of author keyword analysis.
Author keyword analysis offered the information of
research trend which interested the researchers most.
However, it is not very popular to use bibliometric
method concerning author keyword to analyze the
trend of research. In this study, almost 19000 author
keywords were found out in the articles about sludge
treatment during the past 18 years. Among them,
over 17000 author keywords appeared less than 3
times, which was a hint of uncontinuous research
and diverse focuses in the sludge treatment field.
Author keywords appeared in the articles on sludge
treatment from 1992 to 2009 were counted and
ranked by total for the past 18 years in the time
intervals of 4 years. The specific statistical

Distribution of cited times of publications
analysis. The articles cited for the most times were
critical guide in this field. Of all the 12648 articles,
³2FFXUUHQFH IDWH DQG UHPRYDO RI SKDUPDFHXWLFDO
residues in the aquatic environment: a review of
reFHQWUHVHDUFKGDWD´ZDVFLWHGIRUWLPHVVLQFH
published.

TABLE 7
Top 10 frequency of keywords plus used
Keyword plus

92-09 TP

92-09 R (%)

92-97 R (%)

98-03 R (%)

04-09 R (%)

Activated-sludge
Waste-water
Sewage-sludge
Sludge
Removal
Waste-water treatment
Degradation
Water
Heavy-metals
Bacteria

1464
1158
1094
1083
977
861
782
747
638
550

1 (13)
2 (10)
3 (10)
4 (10)
5 (8.8)
6 (7.8)
7 (7.1)
8 (6.8)
9 (5.8)
10 (5)

5 (5.9)
10 (4.9)
1 (9.5)
3 (8.6)
7 (5.3)
32 (1.9)
6 (5.4)
2 (8.8)
4 (6.6)
7 (5.3)

2 (10)
5 (8.4)
4 (8.6)
3 (8.9)
7 (5.7)
10 (5)
8 (5.7)
1 (11)
6 (6.7)
9 (5.2)

1 (16)
2 (12)
4 (11)
5 (10)
3 (11)
6 (10)
7 (8)
12 (4.8)
9 (5.2)
10 (4.8)

TABLE 8
Most frequently cited articles between 1992 and 2009
TI
Occurrence, fate, and removal of pharmaceutical residues in the aquatic environment:
a review of recent research data
Behavior of alkylphenol polyethoxylate surfactants in the aquatic
environment.1.occurrence and transformation in sewage-treatment
Randomized trial of self-expanding metal stents versus polyethylene stents for distal
malignant biliary obstruction
Extraction of extracellular polymers from activated sludge using a cation exchange
resin
Phylogenetic analysis and in situ identification of bacteria in activated sludge

3191

TC

PY

596

2002

465

1994

465

1992

446

1996

366

1997
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carrier anaerobic baffled reactor. Int Biodeter
Biodegr., 62:232-238.
[6] Luostarinen, S.A. and Rintala, J.A. (2005)
Anaerobic on-site treatment of black water and
dairy parlour wastewater in UASB-septic tanks
at low temperatures. Water Res. 39:436-448.
[7] Scandura, J.E. and Sobsey, M.D. (1997) Viral
and bacterial contamination of groundwater
from on-site sewage treatment systems. Water
Sci.Technol. 35:141-146.
[8] Kuo, W.C. and Parkin, G.F. (1996)
Characterization of soluble microbial products
from anaerobic treatment by molecular weight
distribution and nickel-chelating prop-erties.
Water Res. 30(4): 915-922.
[9] Zuckerman, M.M. and Molof, A.H. (1970) High
quality reuse water by chemical ± physical
wastewater treatment.J. WPCF. 42(3): 437-456.
[10] Bogte, J.J., Breurem, A.M., Andelm, J.G. and
Lettinga, G. (1993) Anaerobictreatment of
domestic wastewater in small scale UASB
reactors. Water Sci Technol. 27: 75-82.
[11] Zeeman, G. and Lettinga, G. (1999) The role of
anaerobic digestion of domestic sewage in
closing water and nutrient cycle at community
level. Water Sci.Technol. 39: 187-194.
[12] Ho, Y.S. (2008) Bibliometric analysis of
biosorption technology in water treatment
research from 1991 to 2004. International
Journal of Environment and Pollution. 34(1-4):
1-13.

CONCLUSIONS
In this bibliometric research, some significant
characteristics of the research performance on
sludge treatment from 1992 to 2009 can be
summarized. Of all the 12648 articles chosen from
the database of SCI, English were the mainstream
language. The amount of published articles on
sludge treatment per year tended to increase
continuously with a more and more fast rate. USA
was the most productive country in this field and
also published the most independent articles. China,
as the second most productive country, had a
significant increase in the amount of publications on
sludge treatment during the past 18 years and had
surpassed USA since 2008. CSIC from Spain was
the most productive institution in this field. Subject
categories
like
Environmental
Sciences,
Environmental Engineering, Water Resources,
Biotechnology & Applied Microbiology, Chemical
Engineering were the most common fields that these
articles belonged to. Water Research included 1111
articles, ranking the first of all the journals
concerned.
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INTERACTION BETWEEN URBANIZATION AND
ECO-ENVIRONMENT OF THE BOHAI RIM REGION IN CHINA:
FROM SPATIAL RADIATION PERSPECTIVE
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(1 Jiangsu Industry Development Research Institute, Nanjing University of Finance & Economics, Jiangsu, Nanjing210023, China;
2 School of International Economic and Trade, Nanjing University of Finance & Economics, Nanjing, Jiangsu210023, China;
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ABSTRACT

INTRODUCTION

Investigating the interaction between urbanization
and eco-environment dimensions can help providing
insights into the importance of underlying drivers and
essential characteristics of regional rapid urbanization
process, especially for urban agglomerations. We
emphatically proposed spatial radiation power model to
track how spatial radiation level of urbanization and
environment dimensions change and integrated with the
urbanization and eco-environment interaction model to
explore how they interact at the provincial and regional
scales. We also provided fresh empirical evidences for
the Bohai Rim (BHR) region of China over the period
2001±2012, and the novel index system for evaluating
urbanization and eco-environment compound system.
The results show that the BHR region has been
experiencing few improvements of eco-environmental
level with the progression of urbanization and a large
gap between more-developed and less-developed
provinces. Additionally, the spatial radiation power
model, associated with the radiation force, radiation
scope and relative reachable distance from central
province to the neighboring ones, gives clarity on the
uneven radiation change and gets the main contributors
as the straight distance between Beijing and each
neighboring province and the highway miles per area.
Furthermore, the urbanization and eco-environment
pressure interaction model from spatial radiation power
is available to validate the current real interrelationship,
providing underlying contributions of each basic grade
index to radiation effect. Overall, it can update our
understanding of the interactive law of compound
system in spatial pattern, which can fundamentally
guide the specific directions in transitioning to
sustainable urbanization.

The world has an accelerating urbanization rate
during the past century, and the dwellers in that more
than 50% of the global population now lives in urban
areas [1-3], while the general rule of global urbanization
tells that urbanization levels between 30% and 70% are
often classified as accelerated development [4-5]. Over
the past decades, China has experienced quick urban
development [6-7], and its gradual transition toward an
urbanization-oriented development strategy leads to a
spectacular urbanization level ZLWK WKH FRXQWU\¶V
socioeconomic growth [8]. As a matter of fact, this
transition has enormous social, economic, and
environmental consequences that are yet to be fully
understood [9], especially requiring scrutiny at regional
and local scales. The process of urbanization affects the
eco-environment status by changing the pollution
emissions and ecosystem destruction as a consequence
of the shift in production and changes in the
population¶s behavior patterns after migrating from
rural to urban areas [3]. The analogy between human
and ecological health further contributes to the
development of a diagnosis heuristic for ecological
restoration. As a complex system composed of natural,
societal and economic components, the urban
ecosystem is a network of multiple interactive
relationships, thus its health should take multiple factors
into account in an integrated way rather than only focus
on partial elements, such as water, soil, air or
vegetation.
Notably, tKH SURSRUWLRQ RI D FRXQWU\¶V SRSXODWLRQ
living in urban areas seems to be highly correlated with
its income level, however, rapid urbanization is also
associated with crowding, environmental degradation,
and other impediments to productivity [1], in particular,
the rapid economic growth and high intensity
interactions observed in relation to the urbanization
regions (results of high population densities and
industries aggregation of these regions) pose significant

KEYWORDS:
Urbanization; eco-environment; interaction model; spatial
radiation power; the Bohai Rim region
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27 basic grade indices (U1-U13 and E1-E14), with
availability and feasibility simultaneously. Among them,
in Table 1, several second grade indices are grouped
into a thematic index (DUI, EUI, SUI, EEI, EPI and
ERI) (see Table 1). More specifically, the urbanization
dimension contains three thematic indices (demographic
urbanization, economic urbanization and social
urbanization indices) and 13 second grade indices
(percentage of urban population, urban population
density,
etc.).
Eco-environmental
endowment,
eco-environmental pressure and eco-environmental
response indices are considered for eco-environment
dimension, with many second grade indices (per capita
forest stocking volume, per capita water resource, etc.)
covered. It is noted that some basic indices are often
addressed through some specific processes due to the
inconsistent statistics caliber of urban and rural
residents.

ecological threats to the ecology and environment
[10,11]. So the researches associated with the
interrelationship between urbanization and environment
attracts considerable attentions from policy makers and
scholars [12,13]. Therefore, it is essential to make
understanding of the methods how a scientific
decision-making offer for healthy urbanization and the
ways how the eco-environmental management
answered to particular urbanization process [14,15], in
order to both achieve the eco-environmental protection
and urbanization promotion, especially the relationship
among a number of related social, economic and
environmental
factors
in
urbanization
and
eco-environment dimensions when framing effective
regulations and policies for a specific region [16].
Investigating and exploring the dynamic effects
between urbanization and eco-environment of a local or
regional scale can also help determine and evaluate the
health condition of sustainable development [17], which
are characterized by complex interactions among social,
economic, institutional and environmental issues [18].
And it is not only an important theoretical problem, but
also a crucial practical issue. However, attentions on
revealing the radiation effects of urbanization and
eco-environment dimensions (the first grade index for
an urban-environmental complex giant system) from
central location on each neighboring location (such as
provinces or cities), even the basic grade indices, are
rather few. The Bohai Rim (BHR) of China, one of the
leading economic zones in China as well as the political,
economic and cultural center, show unprecedented
changes between urbanization and eco-environment
development and unequal development among their
provinces [19,20]. Given these considerations, there is a
great need to investigate and research the
interrelationship between urbanization and the
eco-environment in the region from theories and tools.
Consequently, this study provide fresh empirical
evidences for urbanization and environment of the
Bohai Rim region in China over the period 2001±2012,
and tracked how spatial radiation change and explored
how urbanization and environment interact at the
provincial and whole regional scales.

Date resource and pretreatment. The study areas
of BHR region is one of the largest urban
agglomerations and can be regarded as the most
important centers of Chinese trade, commerce,
manufacture and industry. BHR is a region surrounding
the Bohai Sea in China, containing two municipalities
(Beijing and Tianjin) and three provinces (Hebei,
Shandong and Liaoning) in general opinion. It is well
known that BHR is not only the central parts of
Northeast Asia economic area on the geography
situation side, but also the third growth pole of China.
Despite increasingly high urbanization level and rapid
economic growth of the region, more and more apparent
regional development problems and ecological threats
are currently faced due to the complex phenomenon of
urbanization. And Bloom et al. [1] declared that the
growth of urban areas can promote concentrations of
land, water, and air pollution and is associated with the
formation of large and rapidly growing slum
populations in and around many major cities. Based on
these characteristics, inevitably, this acceleration of
urbanization and industrialization will result in vast
increases in the demand for land, competition for space
and environmental change, thereby, it is indispensable
to research the relationship of urbanization and
environment from the development level and spatial
radiation power. And we take the statistic data of each
administrative area as the main sources, except the
measured straight distance between two provinces by
ArcGIS 10.0, which stem from those statistical
yearbooks
of
China
and
provinces,
the
national economy and society development statistical

METHODS AND DATA
Index system establishment. The novel index
system framework for the urbanization and
eco-environment complex system has been established
on objective and scientific principles, consisted of 2
dimensions, 6 thematic indices (first grade indices) and
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TABLE 1
Index system for the interaction of urbanization and the eco-environment system

Dimensions
Urbanization

First grade indices

Second grade indices

Demographic urbanization Percentage of urban population
index
Urban population density
(DUI)
Human resources quantities
Economic urbanization
Per capita GDP
index
Proportion of secondary and
(EUI)
tertiary industry output

Social urbanization index
(SUI)

Units

Serial
number

none

U1

persons/sq.km

U2

yuan

U3

yuan

U4

none

U5

Per capita fiscal revenue

yuan

U6

Per capita fixed asset investment

yuan

U7

Labor productivity in whole society

yuan

U8

Total retail sales of consumer goods per

yuan

U9

none

U10

none

U11

Per capita living space

2

m

U12

Engel coefficient in whole society

none

U13

Per capita forest stocking volume

m3

E1

Per capita water resource

m3

E2

Rate of nature reserves to land area

none

E3

Per capita energy provided to consume for

none

E4

Per capita wastewater discharge

kg

E5

Per capita wastegas discharge

kg

E6

Per capita emissions of CODcr

kg

E7

Per capita emissions of SO2

kg

E8

Per capita emissions of solid wastes

kg

E9

Per capita energy consumption

kg

E10

Industrial wastewater discharge

kg

E11

none

E12

none

E13

none

E14

capita
Number of students in colleges and
universities
per ten thousand people
Hospital beds per ten thousand people

Eco-environment

Eco-environment
endowment index (EEI)

each province
Eco-environment
pressure index (EPI)

Eco-environment
response index (ERI)

compliance rate
Industrial solid wastes
comprehensive utilization ratio
Rate of environment protection investment
to GDP
Rate of days of air quality reaching a
minimum of Level II to the whole year
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bulletin and environmental bulletin during the study
period.
We standardized the data and eliminated the
influences of dimension, magnitude, and positive and
negative orientation according to the max-min method
[12]. With respect to the weight determining method,
the weight of each index (the basic grade indices) was
calculated according to information entropy and
variations in a variety of indices. Therefore, the values
of six thematic indices can be computed once the
weights of the basic grade indices are determined, and
subsequently the values of the urbanization and
eco-environment dimensions in spatial and temporary
series of whole Bohai Rim region and its all provinces
are presented, respectively. Consequently, we can
calculate all the first grade indices, including DUI, EUI,
SUI, EEI, EPI and ERI, and the urbanization
development level and eco-environment development
level.

level of each dimension. RFij is interpreted as the
connection force between two locations, which
represent the specific gravity from locations i to j in our
study, so we called it radiation force and it may be an
innovation lightĮ ȕ LVDOZD\VJLYHQLQDFFRUGDQFH
ZLWK WKH 1HZWRQ¶V ODZ [21]. It needs mention that the
locations in the context stand for the provinces in BHR
regions and the radiation force between two provinces
are our key points in the study.
To get a sufficient accuracy for presenting the
actual distance of connection force, we also propose
reachable index (RI) as the corrected parameter of
traditional direct distance between two locations to
modify the straight distance (Dij). RI is provided by
highway miles (h) of each unit area (aj) for each
province. It is worth mentioning that Dij between two
provinces is obtained by ArcGIS 10.0, we choose each
provincial capital as the location, which are used to
measure, except Hebei province. For Hebei, we select
three cities, including Shijiazhuang, Tangshan and
Zhangjiakou, to measure the distance due to the
geographic feature of Hebei.
h
f ( Dij ) Dij / RI Dij / j (2)
aj

Spatial radiation power model. We consider the
spatial radiation power from the central province
(Beijing) to the neighboring provinces (Tianjin, Hebei,
Shandong and Liaoning) for BHR region from all
second grade indices (six thematic indices), including
DUI, EUI, SUI, EEI, EPI, ERI, as the radiation effect. It
also needs to make radiation force model and radiation
scope model for forming the framework of spatial
radiation power, to investigate whether there is potential
for co-development of more developed and less
developed provinces in urban agglomeration.

Radiation
scope
modeling.
Regional
breaking-point model [26, 27] is employed to evaluate
the scope of the trade effect between two cities, which
was H[WHQGHG 5HLOO\¶V /DZ through several
mathematical computations [28]. So we propose the
radiation scope model to present relative radiation
distance (Eq. (2)). In that, make a division by Dij to
guarantee the comparability of radiation scope among
all locations, so we can also call that relative radiation
scope.

Radiation force modeling. In analogy with
1HZWRQ¶VODZRIJUDYLW\ of physical science, we assume
that the connection force of economic urbanization
between two locations can be measured by the gravity
model [21,22]. This related conceptual framework has
also been applied in other economic and social
science researches [23,24]. Among that, Simini et al.
[25] employed the similar thought in exploring
migration patterns. Consequently, the connection force
of economic urbanization can assume that RFij that
move between locations i and j per unit year is
proportional to the comprehensive level of all
dimensions (DUI, EUI, SUI, EEI, EPI and ERI) of the
source (mi) and destination (mj) locations, and inversely
proportional to the distance Dij between them as:

RFi j

miD m j E
f ( Di j ) 2

sj

1

Dij
mj

) / Dij

(3)

mi

Where sj is the radiation scope from the central
location (source) to the jth location (destination) and Dij
equals the straight distance between two locations; in
the case, the mi and mj are the specific comprehensive
level of all dimensions of ith province and jth central
province, which is same to Eq. (1) and applicable to all
basic grade indices.
Radiation power modeling. We assume the
radiation power from regional location as a type of
energy or work, which is equal to multiply the
connection force and the corresponding displacement
(radiation scope) from locations i to j in accordance

(1)

:KHUH Į DQG ȕ DUH DGMXVWDEOH H[SRQHQWV DQG WKH
function f (Dij) is chosen as specific form of distance; mi
and mj simultaneously represent one comprehensive
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with the calculation formulas of work in physical
science [29]. So we make the following formulas:

R Pi , j

In analogy with the coupling curve equation
(Eqs.(7)) of urbanization and eco-environment, we
make some modifications to obtain a novel model to
address the relationship between urbanization index (UI)
and eco-environmental pressure index (EPI). Thereby,
the UI-EPI interaction model is following:

R Fi u
u
s (4)
j s
j c oT

Where RPj and sj represent the radiation power and
radiation scope (the displacement of radiation force)
from the central province of BHR region, Beijing is
selected, to their surrounding provinces; RFij is the
connection force;©is the angle between the radiation
force and the radiation scope and it must be zero due to
the completely consistent direction in this case.

EPI

y

a lg x  b

z

m  n(10

Urbanization and eco-environment status. The
overall urbanization level (UI) has been an increasing
trend from 2001-2012 for the whole BHR region (Fig.1).
The economic urbanization level displays a most similar
trend to the curve of UI, demonstrating that the
economic aspects had the greatest effect on the
dimension of urbanization. Urbanization level measured
by urban population should not enough to describe the
change degree of comprehensive urbanization, so it is
advisable to add a variety of indices in terms of
economic structure and economic benefit changes and
productivity gains into economic urbanization, and so
on. Analogously, the urbanization of social aspects also
requires the index set due to the policy makers and
environmental planners should pay more attentions on
comprehensive issues of social fields (e.g. hospital beds
per ten thousand people and per capita living space, etc.)
at the beginning of making urban policies, guidelines
and plans for rapidly urbanizing areas. At the regional
scale, initially, it is clearly noted that the urbanization
level are mostly original from social and economic
aspects rather than the demographic aspects, also
proving the inaccuracy if only select population data.
Additionally, the annual growth rate of DUI, EUI, SUI
and UI of BHR region are 22.39%, 44.43%, 19.95%
and 26.03%, while that of EEI, EPI, ERI and EI are
10.33%, -1.52%, 7.91% and 2.83%, respectively.

(5)

(6)

 p)2 (7)

Where z and y are both same to the Eqs.(5)- (6),
and m, n, a, b, p are undetermined parameters. When
y<algp+b, the eco-environment get more detriment
with
urbanization.
When
y=algp+b,
the
eco-environmental reaches the maximum detrimental
effect (m). When y>algP+b, the eco-environment get
more improvements with urbanization.
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 p) 2 (8)

RESULTS AND ANALYSES

Where z denotes the degree of eco-environment
degradation, x represents economic development
(always the indicator GDP per capita), m denotes the
environmental threshold (m > 0), and n and p are
nonnegative undetermined parameters. y denotes
urbanization level, and a and b are the nonnegative
undetermined parameters.
On the basis of the two models, Fang and Wang
[11] proposed the coupling curve of urbanization and
the eco-environment, which is a logical composite of
EKC and logarithmic curve mentioned above. And this
process can be derived algebraically as the following [5,
11]:
y b
a

UI b
a

What calls for special attention is that the UI-EPI
interaction is wanted to be explored from the
perspective of synthesizing all indices of index set in
each dimensions, rather than a traditional aspect, such
as GDP per capita or pollution emissions. Meanwhile,
the
major
manifestation
form
of
urbanization±environment interaction model is the
particular
diagram,
and
the
subcategorized
sustainability intervals can be also presented according
to the framework of sustainability barometer [32]
despite differing in the matter of vertical axis.

Urbanization and eco-environment pressure
interaction model. The Environmental Kuznets Curve
(EKC) hypothesis in the environmental economics
research was first proposed by Grossman and Kreuger
in 1995 [30], which encourage a widespread
³KLJK-JURZWK KLJK SROOXWLRQ´ SURFHVV
and
environmental improvement followed by economic
growth through the empirical study in developing and
developed countries experienced. And the mathematical
expression of the EKC is as Eq.(5) [31]. Meanwhile, it
has a logarithmic curve interactive relationship between
urbanization level and economic development as Eq.
(6).

z m  n( x  p ) 2

m  n(10
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FIGURE 1
The urbanization and eco-environment status of BHR region during the period 2001-2012.

FIGURE 2
The change trend of urbanization and environment of the five provinces and the whole BHR region during the
period 2001-2012.
neighboring provinces in all the thematic indices of
urbanization and eco-environment dimensions. To be
specific, firstly, in terms of the size, the whole radiation
level from Beijing to Tianjin has been significantly
higher than Beijing to other neighboring provinces,
describing the characteristic of Beijing-Tianjin
dual-core in this region. Secondly, in the urbanization
dimension, for the spatial radiation power from Beijing
to Hebei, Shandong and Liaoning, SUI takes the first
place and EUI and DUI take second one, showing the
similar sequence in the Fig.1 for the whole BHR region,
proving that the spatial radiation power can well reveal
certain essence of regional urbanization. Meanwhile, in
the eco-environment dimension, ERI takes the first
place and then there are EEI and EPI, stating that the
spatial radiation power from Beijing to the neighboring
provinces relate closer to the aspects of environmental

With respect to the status at provincial scales,
Fig.2 indicates that the five provinces in the sequence
from 2001 to 2012, according to the values of UI, are
followed by Beijing, Tianjin, Liaoning, Shandong and
Hebei. There are some gaps between the first two and
other three provinces, proving the unequal urbanization
level between the more developed and less developed
provinces. Nevertheless, the eco-environmental level
has been few improvements at the regional and
provincial scales. So there is a clear graphical
representation to verify that urbanization distorts
eco-environment, which may cause pollution and
ecological crisis to some extent [3,10].
Spatial radiation power of urbanization and
eco-environment Fig.3 reflects the large differences of
spatial radiation power from Beijing to the four
3198
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FIGURE 3
The scatter plots of spatial radiation power of urbanization and eco-environment in BHR region when the values
of radiation power are in different range. 1,2, 1,3, 1,4 and 1,5 represent the spatial radiation power from Beijing to
Tianjin, Hebei, Shandong and Liaoning, respectively. DUI, EUI, SUI, EEI, EPI and ERI stand for demographic
urbanization index, economic urbanization index, social urbanization index, environmental endowment index,
environmental pressure index and environmental response index.
neighboring province and the highway miles per area of
each province, to dominate the important roles in the
spatial radiation power from Beijing and each
neighboring province of two dimensions.

response. Thirdly, combining Fig.3 with the equations
(7)-(10) of spatial radiation power modeling, we can
immediately find that there are two contribution factors,
the straight distance between Beijing and each

FIGURE 4
The fit and actual curves of UI-EPI and the sustainability intervals of BHR region and the provinces. BI, TJ, HB,
SD, LN and BHR represent Beijing, Tianjin, Hebei, Shandong, Liaoning and the whole Bohai Rim region.
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(Hebei and Liaoning) at the inflection point. Meanwhile,
the eco-environment pressure has a more stable change
trend, reflecting that the environmental wellbeing is
distributed unequally, i.e., Less developed provinces
have higher pollution emission/urbanization level with
lower urbanization level /capita, suffering from some
external pollution leakage. The results show that the
urbanization and eco-environment interaction model
and its diagram (Fig.4) can well reflect the complex
interactive relationship of the two subsystems
(dimensions). It also updates our understanding of the
interactive law of the compound system.

Urbanization and eco-environment pressure
interaction from development level. According to the
UI-EI interaction model, we selected the environment
pressure index to unite with the urbanization level to
form nonlinearity fit curves and the actual curves of the
5 provinces and the whole BHR region (Fig.4), and five
different stages of sustainability intervals (poor, inferior,
medium, neither good and good) are set to manifest
their own unique positions, which conform to the
framework of sustainability barometer despite differing
in the matter of axis. We can observe that there is a
great difference among different locations, in particular,
Beijing and Tianjin has been principally in the medium
sustainability stage, while Hebei, Shandong and
Liaoning are always in the poor and inferior
sustainability status.
We also observe that these curves are in the form
of an inverted U-shaped curve, and thus the Kuznets
hypothesis has been confirmed by the empirical analysis
of the BHR region. Initially, the urbanization level at
the inflection point is y = algp + b, so it can be proved
that the change trends of the curves are consistent with
the situations reflected by the parameters of UI-EI
functions [11]. Additionally, eco-environmental
pressure gradually increases with the progression of
urbanization for all provinces, and more developed
provinces (Beijing, Tianjin and Shandong) have a
higher urbanization level than less developed ones

Urbanization and eco-environment pressure
interaction from spatial radiation power. In terms of
the subfigures, it describes the interactions from Beijing
to Tianjin, Hebei and Shandong, Fig.5 distinctly tells
that the radiation power of eco-environmental response
index dominates a most important role in urbanization
process and gets the most effects from urbanization
change, while the eco-environmental pressure and
endowment indices take the second and third positions.
Thereby, we should put more attentions on the aspect of
eco-environmental response (pollution control in
environment elements) to provide with the definite
direction for policy making in transitioning to the

FIGURE 5
The interaction between urbanization index and eco-environment endowment index, eco-environment pressure
index and eco-environment response index from spatial radiation power.1,2, 1,3, 1,4 and 1,5 represent the spatial
radiation power from Beijing to Tianjin, Hebei, Shandong and Liaoning, respectively. RP-UI, RP-EEI, RP-EPI
and RP-ERI indicate the radiation power of urbanization index, eco-environment pressure index and
eco-environment response index.
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TABLE 2
The underlying contributions of basic grade indices to the spatial radiation power from Beijing to the four
neighboring provinces
Explanatory

Basic grade

indices

indices

EEI

EPI

ERI



TJ

HB

SD

LN

EN1

-

-

-

0.2526

EN2

-

-

-

0.2319

EN3

-

-

-

0.2482

EN4

-

-

-

0.2673

EN5

0.1849

0.1692

0.1885

0.1754

EN6

0.201

0.2218

0.1874

0.2098

EN7

0.1643

0.1432

0.1254

0.1687

EN8

0.1629

0.1611

0.1517

0.1779

EN9

0.1975

0.1389

0.1806

0.1364

EN10

0.0893

0.1658

0.1664

0.1316

EN11

0.2759

0.292

0.2669

0.2947

EN12

0.2758

0.2482

0.2698

0.243

EN13

0.1648

0.1559

0.1356

0.1877

EN14

0.2836

0.3039

0.3277

0.2746

sustainable urbanization. Whereas, for the spatial
radiation power of urbanization level from Beijing to
Liaoning, the three eco-environment indices take a
similar position in relation to each other, so we must
consider all kinds of eco-environment improvements for
the radiation level from Beijing to Liaoning.
Consequently, the urbanization and eco-environment
interaction model from spatial radiation power is
available to validate the current real state of the
interrelationship of urbanization and eco-environment,
and it will be significant to monitor them to understand
the most effective strategies for sustainable urbanization
planning.

to the four neighboring provinces in ecology and
environment management.
From the four subfigures in Fig.5, it is easily
observed that, for the first three subfigures, the radiation
power of urbanization have more effects on the
radiation power of eco-environment response index and
eco-environment pressure index in spite of differing in
magnitude for the three, while the three basic grade
indices of eco-environment dimension tend to similar
impacts from the radiation power of urbanization in the
last subfigure. Hence, accordingly, we selected ERI and
EPI as explanatory variables for the radiation power
from Beijing to Tianjin, Hebei and Shandong, and put
EEI, EPI and ERI as explanatory variables from Beijing
to Liaoning (Table 2). Furthermore, Table 2 also
presents the specific contribution of each basic grade
index, which is from the indices weights according to
information entropy method, to the spatial radiation
power for each province. To be specific, in order to
keep the consistent color, the highlighted values by
black and bold are employed to present the
contributions in eco-environment endowment level, and
the highlighted values by green and red frames are
employed
to
present
the
contributions
in
eco-environment pressure and response level.
Consequently, from this point, a concrete regional
eco-environment management direction in terms of
determinant factors and spatial radiation is generated.
When combining the dimensions of social and

The underlying contributions to spatial
radiation power. Apart from the contributions from the
straight distance between the two provinces and the
highway miles per area of each province to the spatial
radiation power of urbanization and eco-environment
level (UI and EI) mentioned above, however, we also
need dig deeper causes to reveal underlying
contributions to the spatial radiation power from Beijing
to the neighboring provinces. In accordance with the
simple mathematic analysis in spatial radiation power
modeling, the independent factors mj also relate closely
to dependent variables when consider the spatial
radiation power of six thematic indices, respectively.
Therefore, we can provide with the definite direction
when seek to improve the radiation power from Beijing
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economic change, such analyses are broadened to
regional sustainability field.

make nonlinear regression technology be an essential
tool for supporting the sustainable urbanization
management [3], so it played a significant role in data
process. Meanwhile, we present the dynamic changes of
these thematic indices among provincial areas from the
perspective of spatial radiation power, which resort to
the theories of 1HZWRQ¶VJUDYLW\ODZ and 5HLOO\¶V /DZ,
and so on [21,23,27]. For adaptive environment
planning and management, actually, we should better
³OHDUQ IURPZKDWKDVDOUHDG\EHHQGRQH¶¶DVSDWWHUQV [37]
in urbanization process and then observe all the real
effects of urban ecosystem in spatial and temporary.
However, the results should be constrained by the
properties of the investigated problem, because the
study methods are assigned a spatial decision and
allocation that are hypothetical and idealized, although
they have been explored to track how regional spatial
radiation change at provincial and whole regional scale
after some assumptions. Apparently, the urbanization
and eco-environment interaction model is employed to
explore how the regional urbanization and environment
interact, but just focus on urbanization and
eco-environmental
pressure,
rather
than
eco-environmental endowment and response level. In
addition, it is boundedness that the study put emphasis
only on the past period and not suitable for dynamic
predictions, yet the sustainability researches would
better require a long-term perspective [38].

DISCUSSIONS AND CONCLUSIONS
Discussions. Main achievements. A variety of
researches of urban ecology and urban environment are
often tackled in the sustainable urbanization process
[33-35] in the past, however, it hardly reflects the
eco-environmental integrative effects, dynamic changes
and underlying contributions in driving urbanization
patterns of regional environment management.
Integrated, systematic complex, and dynamic
characteristics are involved in the proposed radiation
power model of urbanization and eco-environment.
Meanwhile, the diagram analysis of urbanization and
eco-environment interaction model, which integrates
the ideology of Kuznets hypothesis and sustainability
barometer, also presents the dynamic and detailed
characteristics of the two subsystems (dimensions) in
the complex urban ecosystem, displaying the
development trajectory of the two. In addition, the
previous related study focus mainly on ecological
fragile areas, such as watersheds and semi-arid region
[36], and there are few studies in dissecting the spatial
structure among all compositions on more developed
and less developed areas at a mesoscale. The dual goals
of urbanization and eco-environmental conservation
need to be satisfied in the sustainable urbanization
management process, especially for the Bohai Rim
region, China.
Therefore, the results show that the BHR region is
experiencing few improvements of eco-environmental
level with the progression of urbanization and
significant gaps between more-developed and
less-developed provinces. Additionally, the spatial
radiation power model, associated with the radiation
force, radiation scope and relative reachable distance
from central province to the neighboring ones, give
clarity on the uneven urbanization and eco-environment
level among provinces. Furthermore, the urbanization
and eco-environment pressure interaction model from
spatial radiation power is available to validate the
current real state of the interrelationship, and providing
the underlying contributions to radiation power
provided. Overall, it updates our understanding of the
interactive law of compound system in spatial pattern,
which can fundamentally provide the directions in
transitioning to sustainable urbanization.

Conclusions. This paper investigated the
interrelationship
between
urbanization
and
eco-environment dimensions LQ RQH RI &KLQD¶V most
developed regions, and tested the models through fresh
empirical evidences. We found that the interactive
effects between urbanization and eco-environment of
BHR region are significant and sensitive to rapid
changes of demographic, social and economic
urbanizations during the period 2001 to 2012. To be
specific, initially, by emphasizing the spatial radiation
power of urbanization and eco-environment dimensions
in a dynamic process, we presented the radiation
diagram of all the thematic indices to reveal the varying
degrees of spatial effects from the central provinces
(Beijing) to the neighboring ones. Additionally, a novel
comprehensive index system of urbanization and the
eco-environment was proposed and then we have the
referable basis to seek out the major contributors to
sustainable
urbanization,
so
the
underlying
contributions to spatial radiation power from the basic
grade indices of urbanization and eco-environment
dimensions are provided. Furthermore, the urbanization
and eco-environment interaction model expressed
different eco-environment pressure degree when

Implication and limitation. The systematic and
complex characteristics of the complex giant systems
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achieving urbanization level, with the sustainable
urbanization stage presented.
The harmonious management of urbanization and
eco-environment of BHR region is a dynamic rather
than a static process, and the interaction and
relationship is affected by a variety of factors, such as
population, economic structure, policy, ecological
conservation and environmental protection level, so the
systemic analysis and dynamic model of the complex
giant system in spatial and temporary are essential for
future sustainable urbanization. The analyses in this
paper also indicate that the inverted-U-shaped
relationship between urbanization and eco-environment
change remains tenable for more and less developed
provinces. It is suitable to address issues at the larger
regional scales, so it is widely applicable. From a macro
perspective, urbanization distorted eco-environmental
conditions, which caused pollution and ecological crisis.
Meanwhile, gradual and continuous spatial inequality of
urbanization and environmental change among different
provinces, a result of highly centralized development of
mega-cities, is the dominant trend throughout the
observed period, obviously violating the regional
integration strategy and even globalization development
strategy in current national plans.
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as promising green substitutes for traditional
volatile
organic
compounds
(VOCs)
in
manufacturing,
processing,
and
cleaning
technologies by both commercial business and
individual consumers [4,5]. However, ILs possess
significant solubility in water [6], and are poorly
degraded by microorganisms [7]. They can enter
and accumulate in the environment easily with
potential risks to aquatic organisms. Therefore, the
perception of their greenness dramatically changed
as scientific communities began to proactively
assess the risk of their application based on the
entire life-cycle in recent years [3]. Among
numerous ILs, imidazolium-based salts are one of
the most pervasively used and investigated groups
[8]. Owing to their widely application and having
been the current focus of research, it is essential to
investigate the toxic effects of these imidazolium
salts on aquatic ecosystems. There has been a large
amount of literature available concerning IL
toxicity on aquatic organisms, such as algae [9],
duckweed [10], daphnia [11], mussel [12], and
zebrafish [13]. Some of these studies also revealed
that IL toxicity enhanced with the increase of alkylchain length.
Planarians play a key role in freshwater lotic
ecosystems, they are one of the most abundant
predators in streams and upper reaches of rivers
[14]. Traditionally, planarians have served as a
favored animal model in regenerative biology and
developmental biology due to their powerful
regeneration capability [15]. Because they are
particularly sensitive to pollutants, and easy and
inexpensive to culture in laboratory, freshwater
planarians have been employed to assess toxicants
using different endpoints or biomarkers. It has been
established that some pollutants, such as heavy
metals [16], can cause morphological, locomotive
and behavioral alterations in planarians, allowing
the assessment of their effects through the analysis
of several different biomarkers, such as the activity
of enzymes involved in oxidative stress response
[17], the regeneration capacity [18], chromosomal
aberrations [19], and DNA damage [20]. To the

ABSTRACT
The aim of this study is to determine the
effects of four imidazolium-based ionic liquids
(ILs) with different alkyl-chain lengths on
freshwater planarian Dugesia japonica based on
several biomarkers, and to explore the relationship
between the toxicity of ILs and the length of alkyl
chains. The results showed that among the four ILs,
[C10mim]Br was the most toxic, followed by
[C8mim]Br, [C6mim]Br and [C4mim]Br. The
inhibitory effects of ILs on the feeding behavior
and the regeneration performance of planarians
were positively correlated to the alkyl-chain length.
Our results also suggested that the alkyl-chain
length of ILs strongly influenced activities of
antioxidant enzymes and the glutathione level, and
the antioxidant system was triggered to protect D.
japonica from over-produced reactive oxygen
species (ROS) induced by ILs. This is the first
study that investigated the effects of four types of
imidazolium-based ILs on ingestion, regeneration
and antioxidant response in freshwater planarian,
providing new data about the biotoxicity of ILs in
invertebrates.

KEYWORDS:
ionic liquids, Dugesia japonica, ingestion, regeneration,
antioxidant system.

INTRODUCTION
Ionic liquids (ILs) are pure ionic compounds
with melting points near room temperature (or by
convention below 100Ԩ) [1]. Over past decades,
ILs have been dramatically expanded in popularity
as a new generation of chemicals with potential
application in various areas in industry due to their
preponderant properties, such as almost no vapor
pressure and nonvolatility, high thermal stability
and nonflammability, and high solvent capacity and
chemical stability [2,3]. They have ever been
claimed to be environmentally benign and regarded
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solution [21]. Acute toxicity was expressed as the
median lethal concentration (LC50), which is the
concentration of a chemical that kills 50% of the
test organisms. The LC50 values and their
associated 95% confidence intervals (CI) of 72 h
were determined by probit analysis using SPSS
18.0 for Windows.

best of our knowledge, however, the toxicity of ILs
on planarians has been rarely investigated to date.
The purpose of the present study was to
examine the acute toxicity of imidazolium-based
ILs with different alkyl-chain lengths, and further to
investigate the effects of ILs on Dugesia japonica,
a common species of freshwater planarians in
China, using ingestion, regeneration and
antioxidant response biomarkers.

ILs effects on ingestion of D. japonica.
Based on the preliminary experiments, 1/10 LC50 of
four types of different ILs were designed for four
treatment groups (208 mg/L for [C4mim]Br, 90
mg/L for [C6mim]Br, 31 mg/L for [C8mim]Br, and
3 mg/L for [C10mim]Br), and dechlorinated tap
water was used as the control. Fifty planarians with
normal morphology and the length of 12-15 mm
were selected and every ten were placed in a 100
mL Petri dish containing 50 mL of test solution or
dechlorinated tap water. Pieces of fresh fish spleen
with the volume of 2×1×0.5 cm3 were put into the
Petri dish once planarians stopped moving. The
full-fed planarians were counted at 10, 30, and 60
min after food being put, respectively. Three
replicates were conducted for this assay. Because
the animals are a little transparent, the intestine of
planarian turned red was defined as ingestion.

MATERIALS AND METHODS
ILs and reagents. ILs used in the present
study were 1-butyl-3-methylimidazolium bromide
([C4mim]Br),
1-hexyl-3-methylimidazolium
bromide
([C6mim]Br),
1-octyl-3methylimidazolium bromide ([C8mim]Br), and 1decyl-3-methylimidazolium bromide ([C10mim]Br)
purchased from Hubei Hengshuo Chemical Co.,
Ltd. (Wuhan, China) with purity of 99%. BCA
(bicin-chonininc acid) protein assay kit was bought
from Beijing ComWin Biotech Co., Ltd. (Beijing,
China). SOD (superoxide dismutase), CAT
(catalase), GPX (glutathione peroxidase), GSH
(glutathione) and MDA (malondialdehyde) assay
kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). All the
other reagents were analytical grade and obtained
from various commercial sources.

ILs effects on regeneration of D. japonica.
One tenth LC50 of four types of imidazolium-based
ILs were designed for four treatment groups, and
dechlorinated tap water was used as the control.
Fifty planarians with normal morphology and the
length of 12-15 mm were selected. Every 10 were
decapitated after auricles with a sterile blade and
placed in a 100 mL Petri dish containing 50 mL IL
in given concentration or dechlorinated tap water.
All tests were conducted in a temperature incubator
at 20±1Ԩ using a 12 h/12 h light/dark cycle. From
48 h after surgery, the number of fully regenerated
animals was observed and recorded by use of the
stereoscope every 12 h, and the test lasted for 96 h
after surgery. The experiments were performed in
triplicate. That two eyespots of planarian
regenerated completely was defined as full
regeneration [22].

Test organisms. D. japonica used in this
study was collected from Yu-quan stream (Qi
County, China). Animals were maintained in
dechlorinated tap water at the laboratory at 20Ԩ
and fed with raw fish spleen once a week. For all
experiments, planarians acclimated for at least one
month and starved for 7-10 days were used.
Acute toxicity tests. The IL exposure
bioassays were conducted as 72 h static acute tests
using D. japonica with normal morphology and
length of 12-15 mm. All tests were performed in a
temperature incubator at 20±1Ԩ using a 12 h/12 h
light/dark cycle. Ten animals were placed in a 100
mL Petri dish containing 50 mL test solution. Three
replicates were used for each of the four types of
ILs. Dechlorinated tap water was used as the
control. The test concentrations were 1044, 1306,
1632, 2040 and 2550 mg/L for [C4mim]Br, were
533, 666, 832, 1040 and 1300 mg/L for [C6mim]Br,
were 206, 256, 320, 400 and 500 mg/L for
[C8mim]Br, and were 24, 30, 38, 48 and 60 mg/L
for [C10mim]Br, respectively. These concentrations
were designed based on the preliminary rangefinding tests. Animals were inspected every 24 h by
means of stereomicroscope for mortality during the
bioassay. The individuals disintegrated completely
or without any detectable movement were
considered to be dead and removed from the test

ILs exposure and enzyme activity, GSH and
MDA level assay. One tenth LC50 of four types of
different ILs were designed for four treatment
groups, respectively, and dechlorinated tap water
was used as the control. Seventy-five planarians
divided evenly into five groups were exposed to the
above four concentrations of ILs and the
dechlorinated tap water. After three days of
exposure, 10 animals were sampled and
homogenized to a 1/10 (w/v) ratio in cold PBS
buffer (0.1 M, pH 7.4). Homogenates were
centrifuged at 10000×g for 10 min at 4Ԩ. . After
centrifugation, the supernate was collected and
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TABLE 1
LC50 (72 h) for four types of imidazolium-based ionic liquids on D. japonica.
Ionic liquid

LC50 (mg/L)

95% CI (mg/L)

[C4mim]Br

2079

1741 ± 3014

[C6mim]Br

919

765 ± 1182

[C8mim]Br

313

209 ± 445

[C10mim]Br

33

23 ± 40
planarians elevated with the duration prolonged
after feeding (Fig. 1).
Generally, the numbers of fully regenerated
planarians in ILs exposure groups were all less than
the control at the same time point, indicating ILs
have delayed the regeneration performance of
planarians. As for [C8mim]Br and [C10mim]Br, two
types of imidazolium ILs with longer alkyl chains,
the difference of fully regenerated planarians
between treatment group and control was
significant at all sampling points (P<0.05). In the
control group, all planarians regenerated completely
at 84 h after decapitation while those exposed to 4
and 6 carbon ILs completed their regeneration 12
hours later. When the experiment was over (96 h
after surgery), only partial planarians completed
their regeneration in [C8mim]Br and [C10mim]Br
(two more toxic ILs) exposure groups (Fig. 2).
The activities of SOD, CAT and GPX, and the
levels of GSH and MDA in D. japonica exposed to
different imidazolium ILs for three days are
presented in Fig.3. In general, these biomarkers
elevated with the increase of IL alkyl-chain length.
Activities of CAT and GPX and GSH level were
significantly increased following exposure to ILs
with alkyl-chain lengths of 8 and 10 carbon atoms
in comparison with the control. SOD activity was
notably elevated following exposure to C8 IL
(P<0.05), while other treated groups were all
gradually increased with the differences statistically
insignificant when compared to the control. As for
MDA, the levels were gradually increased
following exposure to ILs with alkyl-chain lengths
from 4 carbon atoms to 10, and significant
difference was recorded in C8 and C10 IL treatment
groups compared with the control. Obviously, when
D. japonica was exposed to [C10mim]Br which has
the longest alkyl chain and is the most toxic, all the
biomarkers were increased significantly except
SOD. Meanwhile, regarding [C8mim]Br which has
the second longest alkyl chain, all the parameters
elevated notably in contrast to the control (P<0.05),
while for [C4mim]Br which is the shortest alkylsubstituted derivative of imidazolium-based IL and
the least toxic in the present study, no significant
changes were observed when compared to the
control except the CAT biomarker.

stored at -20Ԩ for assay. The experiments were
performed in triplicate.
All assays were determined by the commercial
NLWV DFFRUGLQJ WR WKH PDQXIDFWXUHUV¶ LQVWUXFWLRQV
Protein concentrations of planarian homogenates
were measured by means of the BCA method to
normalize the levels of SOD, CAT, GPX, GSH and
MDA. SOD activity was determined using an
indirect method based on the reduction of nitrite,
which could be monitored by the absorbance at 550
nm. CAT activity was measured by ammonium
molybdate spectrophotometry. Activity of GPX was
measured based on the principle that GPX can
catalyze the action of H2O2 and GSH into water and
oxidized glutathione (GSSG). GSH was estimated
by colorimetry with 5,5'-dithiobis-2-nitrobenzoic
acid (DTNB) as the substrate. MDA is the byproduct of lipid peroxidation. It was measured by
monitoring the appearance of the conjugated
compound of thiobarbituric acid (TBA) and MDA
at 532 nm.
Statistical analysis. Statistical analysis was
performed using SPSS 18.0 for Windows. Data
were analyzed by one-way analysis of variance
(ANOVA), and least significant difference (LSD)
test was used to do post-hoc multiple comparisons
of all five groups. Differences were considered
statistically significant if P< 0.05.

RESULTS AND DISCUSSION
The acute 72 h LC50 for four types of ILs on
D. japonica were presented in Table 1. The results
demonstrated that the LC50 values decreased with
the increase of alkyl-chain lengths, indicating
higher toxicity with longer alkyl chain for 1-alkyl3-methylimidazolium bromide ILs.
The numbers of full-fed planarians exposed to
four different types of ILs were all less than the
control with significant difference at the same time
point after feeding (P<0.05), suggesting that ILs
have inhibitory effects on planarian ingestion.
Moreover, among all the four treatment groups, the
number of full-fed planarians decreased with the
increase of the alkyl-chain length of ILs from 4 to
10. As for the same IL, the number of full-fed
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FIGURE 1
Numbers of full-fed planarians at different time points after feeding. Mean (n=3) ± S.D. in each column
followed by completely different lowercase letters (a-d) are significantly different from each other
(P<0.05) for each time point as measured by LSD test. 0, 4, 6, 8, 10 denote the control and four types of
imidazolium-based ILs with 4, 6, 8 and 10 carbon atoms in the alkyl chain, respectively.

FIGURE 2
Numbers of fully regenerated planarians at different time points of regeneration. Mean (n=3) ± S.D. in
each column followed by completely different lowercase letters (a-d) are significantly different from each
other (P <0.05) for each time point as measured by LSD test. 0, 4, 6, 8, 10 denote the control and four
types of imidazolium-based ILs with 4, 6, 8 and 10 carbon atoms in the alkyl chains, respectively.
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FIGURE 3
Activities of SOD, CAT and GPX enzymes and levels of GSH and MDA in whole-body homogenates of D.
japonica after 3 days of exposure to control and ILs. Mean (n=3) ± S.D. in each column followed by
completely different lowercase letters (a-d) are significantly different from each other (P<0.05) as
measured by LSD test. 0, 4, 6, 8, 10 denote the control and four types of imidazolium-based ILs with 4, 6, 8
and 10 carbon atoms in the alkyl chains, respectively. A: SOD; B: CAT; C: GPX; D: GSH; E: MDA.

proposed that the mode of toxic action for ionic
liquids takes place through membrane disruption
and enhanced permeability, because ILs with longer
alkyl chains have been reported to be more
lipophilic [24, 26]. However, the toxicity cannot
continue to increase with the increase of
lipophilicity, as lipophilicity relationships with
biological activity are only linear over a restricted
range [27]. Whether the toxicity keeps on
enhancing for ILs with alkyl-chain length more
than 10 carbon atoms still needs further study.
Based on the toxicity classes of Hodge and Sterner
[28], [C10mim]Br is highly toxic (10 mg/L< LC50
<100 mg/L); [C8mim]Br and [C6mim]Br are
slightly toxic (100 mg/L < LC50 <1000 mg/L).

LC50 can generally represent the degree of
toxicity of toxicants, thus it is the most important
index determined in acute toxicity test [23]. The
lower LC50 value indicates the higher toxicity.
According to the results of acute toxicity tests,
[C10mim]Br was the most toxic among the test ILs,
then [C8mim]Br, [C6mim]Br, and [C4mim]Br, and
the toxicity of [C10mim]Br was 60-fold stronger
than that of the least toxic [C4mim]Br. Our results
indicated that the alkyl-chain lengths of ILs
strongly influenced their toxicity, with longer alkyl
chain associated with greater toxicity. These data
were in accordance with the reports of Bernot et al.
[24] and Bubalo et al. [25], which established that
lengthening the alkyl chain resulted in a
concomitant increase in toxicity of ILs. It has been
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Therefore, potential risks exist if these ILs are
accidentally released into aquatic environments.
When organisms are exposed to hazardous
pollutants, a series of stress response will be
induced, e.g. the behavior will be impaired and the
inherent mechanism will change. Many studies
showed that behavior was a more sensitive endpoint
than other classical endpoints (e.g. mortality,
immobility) [29]. Ingestion is the basic behavior of
animals, and normal ingestion is the indicator of
animals in good health. In this study, the numbers
of full-fed planarians exposed to four different
types of ILs were all less than that of the control
with significant difference, and declined with the
lengthening of the alkyl-chain of ILs at the same
time point. This suggested that IL exposure
inhibited the ingestion of planarian and this
inhibitory effect was positively correlated with the
alkyl-chain length of ILs. These data were
consistent with the effects of pesticides trichlorphon
and decis on ingestion of D. japonica [30].
Moreover, Bernot et al. also established that
freshwater snails grazed less when exposed to given
concentrations of ILs [24]. It was reported that IL
can reduce the feeding intensity of D. magna by
affecting its nervous system and activity of
appendage cells [31]. Probably, that ILs entered
into the body of planarian by lipophilicity and made
its nervous system paralyzed might be one of the
reasons for ingestion inhibition induced by ILs on
D. japonica.
Possessing of powerful regeneration capacity
is one of the notable characteristics of planarians.
Regeneration under natural conditions is
responsible for asexual reproduction of planarians.
Therefore, regeneration performance of planarians
which concerns its survival is often used as a useful
biomarker for measuring the toxic effect of agents
[18, 22]. Based on our results, the numbers of fully
regenerated planarians in IL exposure groups all
decreased when compared with the control, and
planarians needed longer time to complete their
regeneration with the increase of alkyl-chain length
of ILs. This suggested that ILs had inhibitory effect
on the regeneration performance of D. japonica,
and the velocity of regeneration was negatively
correlated to the alkyl-chain length. This
regeneration delay or inhibition of D. japonica
caused by ILs was similar to that of Cu2+ to
planrian G. tigrina [22]. It has been postulated that
the high regeneration ability of planarians is
supported by totipotent stem cells, called neoblasts
[32]. The observed regeneration inhibition could be
explained by a possible IL cytotoxic effect to
neoblasts.
It was previously demonstrated that ILs
commonly cause membrane damage and generate
oxidative stress through overproduction of ROS
such as superoxide anions (O2.±), hydrogen
peroxides (H2O2) and hydroxyl radicals (.OH),

which could lead to peroxidation of lipids,
oxidation of proteins, damage to nucleic acids,
enzyme inhibition, and finally to death of cells
[3,10,13]. To overcome oxidative stress and
continue to survive, organisms have to employ the
anti-oxidative defense system comprising of
nonenzymic antioxidants as well as antioxidant
enzymes, mainly including SOD, CAT and GPX to
scavenge ROS. SOD can scavenge O2.± and
detoxify them by converting to H2O2 and oxygen.
H2O2 is then transformed to water and oxygen by
CAT and GPX. In addition, GSH is regarded as one
of the main nonenzymatic antioxidants and
constitutes another line of defense against ROS
[33]. Our results revealed some changes of
antioxidant system in D. japonica following
exposure to imidazolium-based ILs. In general,
these biomarkers elevated with the increase of IL
alkyl-FKDLQ OHQJWK 7KH 62' DFWLYLW\ DV WKH FHOO¶V
first line of defense against ROS, was increased
gradually and reached significant difference with
the alkyl-chain length from 4 to 8 carbon atoms.
This elevation indicated increased intracellular
fluxes of O2.± induced by ILs and the elevated
capacity to scavenge O2.± . Coincidently, CAT and
GPX activities showed similar regulation and
increased remarkably when planarians were
exposed to more toxic imidazolium-based ILs,
which could remove the overproduced H2O2 derived
from O2.±. GSH as an important water-soluble
antioxidant involves in organism self-protective
mechanisms when threatened by oxidative stress. It
can not only directly combine with cellular
electrophilic reagents for antioxidation or
detoxification but also serve as the substrate for
GPX. Therefore, GSH plays a crucial role in
cellular detoxification metabolism. In the present
study, the change pattern of antioxidant GSH was
coincided with that of antioxidant enzymes
measured. The significant rise of GSH level treated
by ILs with longer alkyl chains indicated an
increase in GSH demand under oxidative conditions
was induced by ILs in D. japonica, which could
protect against further oxidative challenge. Upregulation of enzymes participating in GSH
synthesis can most likely explain the notable
increase in GSH level [34]. MDA is the metabolic
product of biological lipid peroxidation, and its
content can thus reflect the severity of cellular
damage [13]. According to our results, the longer
alkyl-chain length of ILs led to the greater increase
in MDA levels, which is most likely because the
toxicity of ILs used was too high to avoid lipid
peroxidation. Similar results were obtained in
literature concerning ILs on zebrafish Danio rerio
[13] and barley plants [25]. Given the negative
effects of lipid peroxidation, the ecotoxicological
potential of ILs should be investigated further.
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CONCLUSIONS
[7]

In summary, this study showed that
imidazolium-based ILs were toxic to freshwater
planarians, and the alkyl-chain length strongly
influenced the toxicity of ILs. ILs exposure
inhibited the ingestion and the regeneration
performance of planarians and the inhibitory effects
were positively correlated with the alkyl-chain
length of ILs. Our results also suggested that the
alkyl-chain length of ILs strongly influenced
activities of antioxidant enzymes and the GSH level
of animals, and the antioxidant system was
triggered to protect planarians from over-produced
ROS induced by ILs. This is the first study that
investigated the effects of four types of
imidazolium-based ILs on ingestion, regeneration
and anti-oxidative response in freshwater planarian,
providing new data about the toxicity of ILs in
invertebrates.
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expected to vary according to the source of
available carbon (macrophyte-derived or algalderived).
Lake Taihu is the third largest shallow
eutrophic lake in China. It exhibits spatial
heterogeneity in physicochemical conditions and
plankton community structure, and macrophyteand alage-dominated zones are separated by clearly
defined boundaries, creating an opportune model
for studying these two aquatic ecosystems side by
side. The bacterial communities of the water
column and surface sediments have previously been
investigated in both macrophyte- and algaedominated parts of Lake Taihu [7, 8], and the
vertical structure of bacterial communities in the
sediments have also been explored [9], using
denaturing gradient gel electrophoresis (DGGE) in
conjunction with sequence analysis (phylogenetic
analysis). As a means of investigating microbial
species composition in aquatic systems, DGGE is
effective, but it has two shortcomings. Firstly, it is
time-consuming [9, 10], and secondly, the results
reflect only the phylogenic components of a
community, with no quantitative assessment of
functional groups. An easier and faster method,
using phospholipid fatty acid (PLFA) patterns, has
been widely applied in measuring of microbial
biomass and studying community structure in soils,
but less so in sediments. Phospholipids are a crucial
component of the cellular membranes of
microorganisms, which are quickly hydrolyzed
after cell death. As such, they serve as a useful
indicator of viable microbial biomass, which can be
readily applied to aquatic prokaryote samples [1112]. The extraction of PLFAs is straightforward and
the presence of different forms of PLFA can serve
as biomarkers for certain microbial types [13].
Meanwhile, changes in PLFA profiles can be
indicative of bacterial responses to environmental
stresses (e.g. nutrient deprivation, anaerobic
conditions, low temperature, quantity and quality of
substrate sources) [14-17]. Ramsey et al. [18]
regarded PLFA analysis as the most powerful and
sensitive means of investigating soil microbial

ABSTRACT
Analysis of phospholipid fatty acids (PLFAs)
was used to characterize the benthic microbial
communities in two sites of a large shallow
eutrophic lake with different trophic states
(macrophyte-dominant and algae-dominant) in
summer. Microbial biomass and diversity declined
with increasing sediment depth in both submerged
macrophyte-dominated and algae-dominated sites.
Dramatic differences in the vertical microbial
PLFA profiles of the two ecological sites were
observed, indicating different microbial community
compositions. RDA analysis also suggested that
chlorophyll a, TOC, C/N ratio and pH might be
important factors controlling both vertical and
between-site variation in microbial abundance and
community structure. We highly recommend PLFA
as a rapid, sensitive and cost-effective method of
assaying biomass and microbial community
composition in aquatic researches.
KEYWORDS:
macrophyte- and algae-dominated states; microbial
community; PLFA analysis; organic matter;
environmental variables.

INTRODUCTION
Shallow lakes may switch abruptly from a
macrophyte-dominated clear state to an algaldominated turbid state as a result of excess nutrient
input [1]. Such regime shifts trigger dramatic
changes at all levels of aquatic ecosystem structure,
from primary producers to consumers in according
months [2-4]. Significant differences have been
observed in the free-living bacterial communities of
clear macrophyte-dominated shallow lakes and
turbid systems with high phytoplankton biomass
[5]. Bacteria are ubiquitous members of benthic
communities, which help determine the fate of
carbon and nutrients in aquatic systems [6], and
their diversity and relative abundance can be
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24 h in 90% acetone at 4 °C in the dark. Chl a
content was then analyzed using an ultraviolet
spectrophotometer [20, 21]. Subsamples for
analysis of TOC, TN and TP were processed by
grinding and homogenization and analysed using an
elemental analyzer (EA3000, EuroVector). PLFA
was extracted and made to FAME (fatty acids
methyl ester) based on the modified method of
Bligh and Dyer [22]. 12:0 FAME was added as
internal standard and the prepared FAME were kept
frozen until required for analysis. PLFA-derived
FAMEs were detected using a Finnigan TRACE
Gas Chromatography Mass Spectrometer equipped
with a DB-5 column (30 m × 0.32mm). Triplicate
VDPSOHV ZHUH PL[HG WRJHWKHU DQG  ȝ/ ZHUe
injected in the splitless mode in triplicate. The
individual PLFAs were identified according to the
standard retention times of fatty acid methyl esters
(37 FAME mix, Supelco, USA) and NIST database.
The quantification of peak areas was based on an
internal standard (methyl ester of nonadecanoic
acid).

changes, when compared to nucleic acid based
methods.
The current research uses PLFA profile
analysis to describe variation in the vertical
structure of microbial communities of macrophyteand algae-dominated states in Lake Taihu.
Relationships between fatty acids groups and
environmental parameters were established using
redundancy analysis (CANOCO 5.0). The purpose
of this research was twofold: (i) to compare the
vertical benthic microbial communities in two
trophically distinct shallow lake ecosystems and (ii)
to compare the performance of PLFA analysis with
that previously reported for phylogenetic methods
based on nucleic acid analysis.

MATERIALS AND METHODS
Study Area and field sampling. Lake Taihu
is the third biggest lake in China, with a surface
area of ~2338 km2 and an average depth of 1.9m. It
is located in the Yangtze Delta in eastern China
¶-¶1¶-¶( 7KHODNHLVD
typical eutrophic shallow lake, with important
economic and social value for the region.
Eutrophication caused by nutrient overload has
leaded to frequent summer blooms of cyanobacteria
over the last three to four decades [19]. Sampling
VLWHV DUH ORFDWHG LQ (DVW /DNH 7DLKX ¶´
¶´  DQG 0HLOLDQJ %D\ ¶´
¶´ LQ:X[L (DVW /DNH7DLKXLVDW\SLFDO
submerged macrophyte-dominated zone while
Meiliang Bay, located in the northern part of the
lake, is characterized by high densities of
Microcystis sp. and an absence of submerged
macrophytes [19]. Field sampling was conducted in
East Lake Taihu and Meiliang Bay on August 22,
2012. Sediments from both sites were sampled
using a sediment sampler from Nanjing Institute of
Geography and Limnology. Three intact sediment
cores (inner diameter = 4 cm) from each sites were
sampled at a depth of at least 12 cm and transported
to the laboratory for processing. Cores were sliced
into 4 layers: 0-3, 3-6, 6-9 cm and 9-12 cm. pH was
measured immediately. The remainders of the
sediments were freeze-dried and stored for later
analysis of chlorophyll a (Chl a), total organic
carbon (TOC), total nitrogen (TN), total phosphorus
(TP) and PLFAs. The water temperatures at the
time of study were 28.5 Ԩ. The illumination
intensity at the bottom of all sites is 0 at the middle
of the day.

Statistical Analysis. A two way crossed
analysis of similarity (ANOSIM) was performed
comparing the vertical PLFA profiles of the two
sites using PAST v 5.0 software [23]. To evaluate
the influences of environmental variables (TOC,
TN, TP, pH, Chl a, C/N ratio) on the vertical
distribution of microbial communities in sediment
samples, redundancy analyses (RDA) were
performed using CANOCO 5.0 (SCIENTIA
Software). We chose RDA because the Detrended
Correspondence Analysis run on species variables
indicated that the longest gradient was <3. Forward
selections were performed to test which parameters
had a significant influence on microbial PLFA
composition. In addition, following forward
selection, variation partitioning was conducted to
discriminate the influence of each significant
parameter. The significance of the first ordination
and canonical axes together was assessed in
permutation tests with 499 unrestricted Monte
Carlo permutations.

RESULTS AND DISCUSSION
Sediment
Properties
and
microbial
biomass. There were significant differences in
sediment characteristics between the two sites (Fig.
1, all P<0.05).The average TOC, TN, TP and Chl a
contents decreased gradually with depth in both
algal-dominated and submerged macrophytedominated sediments, but were generally lower in
sediment from the macrophyte-dominated site. The
values for sediment pH ranged narrowly with depth
in the submerged macrophyte sites, from 8.22 to
6.87, while those in the algae sites remained
relatively constant.

Analysis of Sediment Properties and PLFA.
The freeze-dried sediment subsamples were
homogenised with a mortar and pestle and passed
through a NO.10 sieve (2 mm sieve mesh
openings). Chl a was extracted from samples of
approximately 1 g of dry sediment by leaching for
3214
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FIGURE 1
Vertical profiles of environmental parameters in the sediment of a macrophyte-dominated site (S1) and an
algae-dominated site (S2).

process of cyanobacterial decay, is the preferred
nitrogen source of heterotrophic bacteria [26].
These factors are likely contributors to the elevated
microbial biomasses observed in the algaedominated site compared to the macrophytedominated site. An alternative mechanism to
explain differences in microbial abundance between
sites may be C/N ratio - also a likely indicator of
organic matter quality (Fig.1, Fig.2). A decline in
the C/N ratio of a substrate could enhance the
growth efficiency of bacteria [27].

Concentrations of total PLFAs were used to
estimate total microbial biomass, which varied from
 ȝJJ WR  ȝJJ DORQJ WKH GHSWK gradient in
sediments from submerged macrophyte habitat and
ȝJJWRȝJJLQVHGLPHQWVIURPWKHDOJDO
habitat. Microbial biomass indicated by total PLFA
declined with depth (Fig. 2), possibly due to
reduced nutrient availability. Our data showed that
microbial biomass declined consistently with
concentrations of TOC, TN, TP and Chl a from
upper to lower sediment layers. Concentrations of
total PLFAs also indicated much higher microbial
biomass in site of the lake dominated by
cyanobacteria than that with significant submerged
macrophyte growth. The higher primary production
in cyanobacteria dominated site of the lake
increases nutrient availability, and differences in
primary producers have a profound influence on the
food resources available for microbial growth in
according months. Previous research has shown
that the decay rates of submerged macrophytes
(about 0.008 d-1) are much lower than those of
cyanobacteria (0.096 d-1), thanks to the presence of
complex tissues with and high levels of lignin and
other fibrous material [24, 25]. Furthermore,
ammonium, whose levels increase during the

Microbial Community Structure. Compared
to the total of 34-38 PLFAs detected in the algal
habitat sediments, the 24-35 fatty acids found in
sediments from submerged macrophyte habitat
were fewer, but more variable. The specific PLFAs
were used to indicate specific microbial groups as
follows, according to previously reported [13, 2831]: (1) terminally-branched PLFAs (iso and
anteiso), Gram-positive bacteria; (2) cyclopropyl
3/)$V DQG Ȧ Ȧ *UDP-negative
EDFWHULD   Ȧ PHWKDQRWURSK    PHWK\O
branched saturated PLFAs, actinobacteria; (5)
Ȧ IXQJL   Ȧ SURWR]RD   WRWDO
branched PLFAs with odd carbon chains, total
3215
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FIGURE 2
Vertical profiles of phospholipid fatty acids (PLFAs) in the sediment of a macrophyte-dominated site (S1)
and an algae-dominated site (S2).
TABLE 1
Distribution of microbial groups as identified using PLFA biomarkers in the sediment of a macrophytedominated site (S1) and an algae-dominated site (S2).

S1

S2

Sampling
Depth
(cm)
0-3
3-6
6-9
9-12
0-3
3-6
6-9
9-12

Gram-positive
Bacteria (%)

Gram-negative
Bacteria (%)

Actinobacteria
(%)

Fungi
(%)

Protozoa
(%)

19.9
20.2
12.2
11.3
22.8
15.7
14.1
14.8

17.4
26.9
32.8
34.2
19.4
26.2
33.8
33.7

0.44
0.12
0.12
0.20
0.46
1.83
0.45
0.55

1.16
0
0.24
0.35
0.96
0.49
0.26
0.44

0.25
0
0
0
0.40
0.23
0
0.16

presence and abundance of individual PLFAs in a
VDPSOH 0F,QWRVK¶V LQGH[ ZDV FKRVHQ EHFDXVH LW
derives from a measure of similarity and more
natural and familiar representation for diversity
[32]. Analysis revealed that microbial diversity for
samples decreased gradually with depth, in algaldominated sediments. We observed an elevated
microbial diversity at core depth of 6-9 cm than 3-6
cm in microphyte-dominated sediments. Overall,
samples from the algae-dominated site exhibited
greater microbial diversity than those from the
macrophyte-dominated site (Fig. 3). The betweensite differences in microbial diversity indicated by
PLFA richness and abundance may be attributed to
differences in plant type and soil type [33]. The
elevated diversity in macrophyte-dominated site 2
at the core depth of 6-9 cm might be the
rhizosphere effect by the excretion of DOM by
macrophyte [34].

bacteria (See Table 1). Some of the specific PLFAs
might also be found in algae, however since the low
light intensity we detected and as previously
reported [19], benthic algae were not taken into
consideration. We observed that in both sites,
relative abundances of Gram-positive bacteria were
higher at the sediment surface than at any depth
(Table 1). The proportion of specific PLFAs
associated with Gram-negative bacteria, on the
other hand, increased progressively with depth. In
sediments from submerged macrophyte habitats, the
proportion of PLFAs indicative of actinobacteria
was 3-4 times greater at the surface than at depth,
but in algal habitats appeared to peak significantly
in the sub-surface sediments. In both sites, the
highest proportion of PLFA biomarkers for fungi
were found in the surface sediments, and protozoa,
which were detected at low levels, appeared only in
the upper sediment layers. 0F,QWRVK¶VLQGH[YDOXHV
for species polymorphism were calculated using the
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FIGURE 3
McIntosh¶s index of diversity for the distribution of PLFA biomarkers in the sediment of a
macrophyte-dominated site (S1) and an algae-dominated site (S2).

and Berner previously demonstrated that the in situ
rate of sulfate reduction is organic-matter limited
[35]. The greater abundance sulfide-oxidizing and
sulphate-reducing bacteria observed in the algaedominated Meiliang Bay sites might be due to
accelerated sulfur recycling resulting from
increased quantities of organic material.
Chl a concentration is a principle factor
influencing microbial PLFA pattern differentiation
in all sediments. The greatly elevated Chl a levels
in algae-dominated lake site mainly originate from
cynobacterial deposition, while the significantly
lower Chl a concentrations in macrophytedominated site reflect a sum deposition of
phytoplankton biomass, macrophyte detritus and
benthic algae. Pearson correlation analysis revealed
positive correlations between Chl a concentration
and TOC, TN and TP concentrations (R=0.812,
0.892, 0.919, P<0.001). Thus Chl a is shown to be a
good indicator for the quantity of organic matter, as
well as nutrient availability, demonstrating
differences in the benthic microbial community
structure of the two different ecological states.
The RDA triplots also suggest that pH might
influence the characterisitic microflora of both
algae-dominated and macrophyte-dominated sites,
most likely via effects on the mineralization of
detritus. The decrease of pH may be a result of the
consumption of oxygen and promotion of microbial
respiration associated with fragmentation and
mineralization of detritus, as described by
Bianchini and Cunha-santino [36]. In turn, pH
could also affect extracellular enzyme activity and
the rate of detritus decomposition.
PLFAs considered biomarkers for grampositive bacteria, including i14:0, i15:0, a15:0,
i16:0, i17:0 and a17:0 were negatively correlated
with C/N ratio (R= -0.697, P<0.001), showing this
to be another possible factor differentiating the

Statistic analysis. Two way crossed ANOSIM
exhibited large and significant disparities in vertical
PLFA profiles (Global R=0.713, P=0.001)
indicating
dramatically
different
microbial
community compositions in sediment samples
between
macrophyte-dominated and algaedominated sites. Vertical differences in microbial
communities were also observed in the results of
two way crossed ANOSIM (Global R=0.346,
P=0.003).
Redundancy analysis (RDA) was applied to
reveal the relationships between environmental
variables, samples and PLFAs (Fig. 4). Explanatory
variables account for 79.8% species variation with
the first two canonical axes extracted explaining
78.67% and 0.95% respectively (On all canonical
axes, p=0.002). Chl a explained 66.5% of species
variation solely in all the samples (P=0.002) and
was shown to be the main environmental factor
affecting species variation between samples. Intersite differences in vertical PLFA profiles were
positively associated with concentrations of TOC,
and TOC explained 7.6% species variation solely in
all the samples (P=0.01). Differences in pH and
C/N ratio were also shown to influence betweensite species variation. (Fig. 4).
In the RDA graph, the scores of sample points
projected perpendicularly onto specific PLFA
arrows reflect the abundance of specific PLFAs in
the samples. The algae-dominated Meiliang Bay
VLWH \LHOGHG KLJK DEXQGDQFHV RI Ȧ Ȧ
0H Ȧ Ȧ  Besides,
10Me19:0 as a biomarker for actinomycetes was
associated with samples from the sub-surface
sediment of Meilang Bay. The 16:1 and 18:1 fatty
acids may be attributed to the presence of sulfideoxidizing bacteria. These samples also exhibited
Ȧ Ȧ DQG L FRQVidered to be
indicators of sulphate-reducing bacteria. Westrich
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0HULVDW0HX0HYF\Z&[ȦF\Ȧ]
ȦFDDȦDEȦDFȦWDG&DH0HDIF\DJȦDK
ȦDLȦDMȦDN&DO0HDP&(QYLURQPHQWDOYDULDEOHVZHUHJLYHQ
as total organic carbon concentration (TOC), total phosphorus concentration (TP), total nitrogen
concentration (TN), pH, total organic carbon concentration/ total nitrogen concentration (C/N) and
Chlorophyll a concentration. The eigenvalues of the first and second axis were 0.7867 and 0.0095,
respectively
benthic microbial communities of the two different
ecological states of Lake Taihu (Fig.4 and Table 1).
In contrast, the proportion of gram-negative
EDFWHULD LQGLFDWHG E\ F\ F\ Ȧ DQG
Ȧ GHFOLQHG YHU\ TXLFNOy in the upper
sediment layer, perhaps reflecting levels of
available dissolved oxygen [37].

indicate that pH and organic matter play an
important role in microbial community structure.
Differences in both quality and quantity of organic
matter cause the dramatic variations in microbial
biomass and species composition between algaedominated and macrophyte-dominated sites of Lake
Taihu in according months. However, the PLFA
analysis was also able to reveal further information,
such as the abundance of certain functional groups.
For example, more abundant sulfur-related bacteria
were observed in the algal-dominated site. Also,
The abundance of gram-positive bacteria correlated
negatively with C/N ratio, contributing to species
variation between sites. These results may enhance

CONCLUSIONS
In conclusion, and consistent with the findings
of Shao et al. [9] using phylogenic analysis method
for microbial analysis, results from this research
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understanding of regime shift in shallow lake
ecosystems.
Although PLFA analysis cannot provide the
same resolution of phylogenetic information as
phylogenetic analysis, the technique is shown here
to be a rapid, sensitive and cost-effective means of
assaying biomass and composition of microbial
communities, revealing more quantitative and
functional information. We therefore highly
recommend its use in aquatic researches.
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ABSTRACT
Perhydrous coal is a fuel source and raw
material
for
hydrocarbon
production.
Understanding the structure and composition of
coal and coal extract is important for its effective
and clean utilization. Potassium borohydride was
applied in the extraction of a perhydrous
bituminous coal from Huainan, China, by pyridine
and pyridine-water mixtures under microwave
radiation. The structure of coal and coal extracts
was discussed by the variation of several
semi-quantitative parameters derived from the
deconvolution of absorption peaks from Fourier
Transform infrared spectrum. The results indicated
that the reaction between carbonyls in coal
molecules and potassium borohydride had some
effect on the extraction yield, composition and
structure of extracts through the interaction among
coal molecules by changing intermolecular forces
and the interaction between coal molecules and the
solvent molecules. In addition, based on comparing
the variation of extraction yields, functional groups
and molecular weights of coal extracts, it was found
that the carbonyl reacted with potassium
borohydride was aromatic carbonyl with molecular
weight around Mw and longer aliphatic substituent
groups.
KEYWORDS:
Perhydrous coal, Coal extract, Coal structure, FTIR,
KBH4.

role as raw materials in both fuel and chemical
industries. Perhydrous coal is a kind of coal with
hydrogen enrichment or higher atom ratio of
hydrogen and carbon (H/C) compared to coals of
similar rank and was used as a good fuel source and
applied in hydrocarbon generation fields.[3]
However, its utilities are limited by its
characteristics such as solid phase, complex
composition and macromolecule network structure,
which are still unclear today. Understanding the
structure and composition of coal is important for
its effective, clean and value-added utilization.
It is widely accepted that low molecular
weight compounds (small molecules) and
macromolecules coexist in coals,[4,5] and the small
molecules
can
be
separated
from the
macromolecular skeleton by extraction.[6] The
amount and composition of coal extracts that
dissolves depends on the nature of the coal and its
pretreatment, solvent and extraction condition,[7]
and additives by influence the inter molecule force
and interaction between coal molecules and solvent
molecules. As an example, the addition of a small
amount of electron acceptors, such as
[8]
tetracyanoethylene
and
7,
7,
8,
8-tetracyanoquinodimethane [9] could obviously
enhance the extraction yield of coal by suppressing
the association of coal molecules with noncovalent
bond.[8] Potassium borohydride (KBH4) is a
versatile reducing agent used in many industrial
processes, and reduce carbonyl functional groups to
alcohols under mild condition,[10] shown as
chemical equations below, while it does not react
with pyridine.[11]

INTRODUCTION
Coal is the most important primary energy
resource in China, accounting for about 70% of the
current primary energy consumption and this
percentage is predicted to decrease only slightly
over the next decades.[1,2] With the decreasing
storage of petroleum, coal could play an important

Here, Ar represents the aromatic structure; R
represents the aliphatic structure. Fourier Transform
infrared spectrum (FTIR) is a strong and widely
used technology for study of coal structure and
reactivity.[12-14] The semi-quantitative parameters
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derived from FTIR spectrum by fitting the peaks
can reflect the functional structure of coal.[12,15,16]
As far as we know, there was no report about
the effect of KBH4 on coal extraction and structure
of coal extract, which was used in the organic
synthesis [17] rather than coal reaction. It is well
known that there are carbonyls in coal molecules
and the purpose of using KBH4 is to form more
hydrogen bond by reduction of carbonyl to
hydroxyl. Then the extract composition would vary
by different solvents. The aim of this study is to
obtain information of coal structure from the effects
of additives on the coal extracts by FTIR. The
extractions of a perhydrous coal were carried out
with pyridine and pyridine±water under microwave
irradiation.

EXPERIMENTAL
Coal and reagents. The coal sample (DJ coal)
used in this study was sampled from No. 13 coal
seam at Dingji mine, Huainan coalfield, China,
which is one of the main mineable seams in
Huainan coalfield. The ultimate and proximate
analysis is shown in Table 1. Coal of this seam is
classified as high volatile bituminous and
perhydrous coals and contributes 8 % and 9 % for
the coking and power generation, respectively.18
The DJ coal was ground to <0.096 mm (-160 mesh)
and was dried under vacuum at 353 K for 12 h.
Pyridine has the highest extraction yield for
mid-rank coal,[19] and therefore DJ coal was fit for
the extraction by pyridine, which has the Cdaf of
88.30 %. All the reagents used in this study were
analytically pure and from Sinopharm Chemical
Reagent except KBH4 (96 %) from Shanghai
Experiment Regent Co. Ltd.
TABLE 1
The ultimate and proximate analyses of DJ coal
Proximate
analysis
(ad), %
Moisture
Ash
Volatile matter
Fixed carbon
*By difference.

Ultimate
analysis
(daf), %
1,73
15,09
36,98
46,51

Carbon
Hydrogen
Nitrogen
Oxygen*

88,3
6,13
1,41
4,16

Extraction of coal. Approximately 0.5 g coal
sample was extracted by 30 mL of solvent (pyridine
or pyridine-water) with or without the additive
using APL Microwave Digestion System
(MD8H-12H). The extraction was held for 30 min
when heated to 423 K, and then cooled to room
temperature. The mixtures then were subsequently

centrifuged under 8000 rpm for 12 min, and the
supernatant was immediately filtered through a
membrane with a pore size of 0.45 ȝPZKLFKZDV
dried under vacuum at 353 K for 2 h before used.
The extracting solutions were dried under nitrogen
flow at 343 K and then dried under vacuum at 363
K for 5 h to eliminate the retained solvent.[20] The
residue
was
washed
exhaustively
with
water/acetone mixed solvent (4/1 by volume) to
remove the remaining solvent and additive, then
dried under vacuum at 353 K for 12 h. The washing
procedure with the water/acetone mixed solvent
included ultrasonic irradiation for 15 min,
centrifugation (8000 rpm) for 10 min, and filtration.
The washing was usually repeated 3 times to
remove completely solvent and additive. Extraction
yields were determined on a dry ash free basis from
the amount of the residue. The formula is presented
as below.
ሺΨሻ ൌ

Here E is the extraction yield; wc is the weight of
coal sample for the extraction; wr is the weight of
the residue; M and A are the moisture and ash
content of DJ coal.
FTIR measurement. FTIR spectra were
recorded on a spectrometer (Thermo Nicolet-380)
at a resolution of 4 cm-1 by co-adding 200 scans.
The extracts for FTIR experiment were prepared by
diluting approximately 5 mg of extracts sample in
200 mg of KBr, which were finely ground in an
agate mortar under infrared lamp to minimize the
contribution of water to the spectrum and pressed
into a pellet in an evacuated die under 10 MPa
pressure for 1 min.
Molecular weight distribution (MWD)
measurement. The molecular weight of coal
extracts was determined by a Matrix Assisted Laser
Desorption/Ionization (MALDI) time-of-flight
mass spectrometer (TOF-MS) (TOF-MS/MS
Autoflex Speed type, Bruker Company, German)
with
a
Smartbeam
II
Laser.
Trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propen
ylidene]-malononitrile (DCTB) matrix/coal weight
ratio of 15:1 was dissolved in pyridine and applied
to the sample plate target. The spectra were
obtained in reflector mode, and baseline corrected
subsequently. Compounds below 100 m/z were not
analyzed for the high abundance of these chemical
species, which could over saturate the detector.
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TABLE 2
Extraction yield of DJ coal with and without KBH4 in different solvents
Sample
PC
PK3
PK5

E(daf,%)
24,6
21,5
21,8

Sample
PW1C
PW1K3
PW1K5

RESULTS AND DISCUSSION
Effect on extraction Yield. PC: extraction of
DJ coal by pyridine; PK3, PK5: extraction of DJ
coal by pyridine with 3% and 5% KBH4; PW1C:
extraction of DJ coal by pyridine containing 5%
water (by volume); PW1K3, PW1K5: extraction of
DJ coal by pyridine containing 5% water (by
volume) with 3% and 5% KBH4; PW2C: extraction
of DJ coal by pyridine containing 12.5% water (by
volume); PW2K3, PW2K5: extraction of DJ coal
by pyridine containing 12.5% water (by volume)
with 3% and 5% KBH4.
Three different solvents were used to extract
the DJ coal with or without KBH4 added under
microwave radiation. The extraction yield based on
the residue is presented in Table 2. From Table 2,
the yields of PC, PW1C and PW2C show a
declining trend with increasing proportion of water
in pyridine, which resulting from the decreasing
dissolving capacity with water mixed. Things
changed when KBH4 was added in the extraction.
The extraction yields of PW1K3 and PW1K5,
which were extracted with pyridine-water mixture
(5%, by volume) increased obviously compared to
PK3 and PK5. Otherwise, the yields of PK3 and
PK5 were both lower than PC, while those of
PW1K3, PW1K5 and PW2K3, PW2K5 were higher
than PW1C and PW2C, respectively.
TABLE 3
The molecular weight and distribution of coal
extracts
Samples
PC
PK3
PW1C
PW1K3
PW2C
PW2K3

Mn
267
270
269
243
248
254

Mw
424
432
446
498
374
517

PDI
1.59
1.60
1.66
2.05
1.51
2.03

Hydrogen bond is one of the main acting
forces among coal molecules.21 The reaction
between KBH4 and carbonyls in coal structure
increased the amount of OH, resulting in the
decreasing of extraction yield for PK3 and PK5
compared to PC. However, when water was added
into the pyridine, more hydrogen bond may be

E(daf,%)
20.9
25.2
25.2

E(daf,%)
12.9
19.4
19.3

formed between coal and solvent molecules, and
part of hydrogen bond between macro molecules
and extractable molecules was destroyed, leading to
enhanced diffusion rate22 and greater extraction
capacity. These results imply that, under this
situation, the extraction yield may depend on two
factors below. (1) The interaction between
extractable molecules and the coal by
intermolecular forces. As the molecular structure of
coal is changed by additives, the interaction of coal
molecules changes subsequently, affecting the
extraction yields. (2) The interaction between coal
molecules and solvent. The changes of coal
structure can result in the strengthened or weakened
extraction abilities.
In addition, the molecular weight and their
polydispersity index (PDI) of the six extracts in
Table 3 were determined by an MALDI-TOF-MS.
From Table 2, it appears almost the same yield of
extraction with 3 % and 5 % KBH4, which indicates
that 3% is probably enough for the reaction
between coal and KBH4. Therefore, the extracts:
PK5, PW1K5, PW2K5 were not analyzed.
Number-average
molecular
weight
(Mn),
weight-average molecular weight (Mw) shows the
statistic molecular weight and PDI indicates the
distribution of various molecules of studied
materials. Mn of coal extracts shows little difference.
This indicates little difference of small molecules in
coal extracts, since Mn is more dependent on the
small molecules which is dominant in number
among all coal molecules of the extracts. However,
Mw and PDI have large differences among PW1C
and PW1K3, PW2C and PW2K3. Mw is sensitive
to the heavier molecules based on its definition.
Hence, the larger Mw of PW1K3, PW2K3 than that
of PW1C, PW2C suggests that heavier coal
molecules likely with more aromatic rings were
extracted into the solutions. PDI shows that the
extracts PW1K3 and PW2K3 has a wider range of
molecular weight distribution than extracts PW1C
and PW2C respectively because of the increased
heavier molecules, in accord with the increasing
extraction yield.
Effect on structure. FTIR investigation was
carried out to find of the effect of KBH4 on
functional groups of coal extracts during the
different extraction process. The spectrum of DJ
coal and six extracts was shown in Figure 1. No
obvious difference was from the spectrum based on
3223
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the absorption peaks. To semi-quantitatively study
the functional group of extracts, curve-fitting
analysis was conducted by Peakfit software in
selected region. The measuring range of
wavenumber 400-4000cm-1 could be divided into
four regions: 3000-3800 (I), 2800-3000 (II),
900-1800(III) and 700-900(IV),[12] as shown in
Figure 1. Selected regions were baseline-linearized
using an interactive procedure of the program by
progressively fitting a linear model to increasingly

FIGURE 1
FTIR spectrum of extracts and DJ coal

TABLE 4
Band assignment for extracts of coal
Wavenumber
(cm-1)
3200-3600
3030-3050
2800-3000
1650-1800
1490-1620
1380-1450
1000-1320
700-900

Assignment
O-H and Hydrogen-bonded O-H
Aromatic C-H stretching
Aliphatic C-H stretching
C=O
Aromatic ring stretching
CH3ˈCH2 deformation
C-O alcohol, ether, phenol
Aromatic C-H out-of-plane
bending modes

more points until the goodness of fit begins to
deteriorate. The hidden peaks were detected by
second
derivative
minima.
Lorentz/Gauss
(Amplitude) combination was used for peak type,
and all band shapes and widths were allowed to
vary from the initial guesses. The examples of
band-fitting for the aliphatic C-H stretching bands
of PW1K3 and aromatic C-H out-of-plane
deformation bands of PW2K3 are shown in Figure
2. The region of 2800-3000 cm-1 was generally

FIGURE 2
Curve-fitted FTIR spectrum of (a) the aliphatic C-H stretching bands for PW1K3 and (b) the
aromatic C-H out-of-plane deformation bands for PW2K3
TABLE 5
Semi-quantitative ratios derived from FTIR spectrum
Semi-quantitative index

Index calculation(cm-1)

OH/C=O
OH/Car
OH/(CH3+CH2)
C=O/Car
Car/(C=O+Car)
(CH3+CH2)/Car
C=O/C-O
CH2/CH3
Degree of condensation (DOC1)
Degree of condensation (DOC2)

3200-3600/1650-1800
3200-3600 /1600
3200-3600 /1450
1650-1800 /1600
1600 /(1705 +1600)
1450 /1600
1660-1780/1260-1040
2920 /2950
3030 /1600
700-900 /1600
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deconvolved into 4~6 peaks, 900-1800 cm-1 17-19
peaks and 700-900 cm-1 9-11 peaks.
According to previous studies,[12,23-30] the
FTIR absorbance band assignment for the extracts
of coal is listed in Table 4. The semi-quantitative
parameters are based on the integrated area of some
specific band, as shown in Table 5, which are the
relatively more intense and stable absorption peaks.
OH/C=O, OH/Car and OH/(CH3+CH2) indicate the
relative quantity of the two functional groups,
respectively; C=O/Car can provide a quantitative
estimate of the evolution of carboxylic and other
C=O structures in relation to the aromatic
macromolecular network of coal. Car/(C=O+Car)
appears in the literatures[31,32] as a suitable index for
assessing the degree of maturation of organic
matter. The ratio of (CH3+CH2)/Car reflects the
evolution degree of organic matters.[33] C=O/C-O
allows us to follow the relative amount of the
different oxygen functionalities.[12] CH2/CH3 was
used to estimate the length of aliphatic chain and
degree of branching aliphatic side chains.[34,35]
DOC1 and DOC2 are two parameters that refer the
degree of condensation of aromatic units,[16,36] and
with the decreasing of the values of DOC1 and
DOC2 the degree of condensation increases. The
calculated results of these parameters for the coal
and coal extracts are shown in Table 6.
These semi-quantitative parameters used to
describe the structure character of coal with its
evolution. Here they would be used to reflect the

variation of structure character of coal extracts. As
seen from Table 6, the ratio of OH/C=O, OH/Car,
OH/(CH3+CH2) increased with the KBH4 added,
which indicates that the relative amount of OH
increased compared with carbonyl, aromatic carbon
and methyl, respectively. This may demonstrate the
variation of extraction yield discussed in above
section. The decline of Car/(C=O+Car) and the
increase of C=O/Car for PC and PK3 both suggest
that the degree of aromaticity (Car) of PK3 decrease
compared to PC because the content of C=O is
unlikely to increase for the addition of KBH4,
concerning the decrease of extraction yield. Hence,
the decrease of Car contributes to the extra part of
hydrogen bond in coal converted from the aromatic
carbonyl, which means the reaction of KBH4 may
mainly attribute to the aromatic carbonyl. Since the
value of Mn and Mw has little variation, the lost
molecules maybe has the weight around Mw.
When pyridine-water was used as extraction
solvent, KBH4 increased the extraction yield and
the heavier molecules with more aromatic rings
were extracted from the coal, as discussed in above
section, resulting in the augment of Car, which is in
accord with the trend of DOC1 and DOC2. DOC1
is taken as an example. DOC1 for PC and PK3
show a decrease of condensation with KBH4 added,
in accordance with the conclusion that some
aromatic rings with hydroxyl is retained for the
strengthened interaction of hydrogen bond because
of reduction of carbonyl to hydroxyl by KBH4.
TABLE 6
Ratio of peak area of functional groups from DJ coal and coal extracts
OH/(CH3+

Car/(C=O+

(CH3+CH2)/

Car)

Car

0.77

0.90

5.27

1.22

3.61

2.80

5.39

6.84

PW2C

2.95

PW2K3

C=O/C-O

CH2/CH3

0.84

0.27

1.36

0.71

1.37

0.29

1.09

1.10

0.73

1.29

0.26

1.21

4.66

1.27

0.69

1.47

0.22

1.20

2.65

3.07

0.90

0.90

0.86

0.33

1.08

3.40

3.12

3.15

0.92

0.86

0.99

0.30

1.20

DJ coal

--

--

--

0.56

0.85

0.69

--

1.69

Sample

DOC1

DOC2

%720

%870

%815

%750

%700

PC

0.91

0.72

2.54

19.5

21.9

28.6

30.1

PK3

2.54

0.88

1.18

15.7

30.2

30.2

24.0

PW1C

1.85

0.98

1.29

15.7

26.9

33.0

24.3

PW1K3

1.86

0.91

3.39

11.1

27.3

32.5

29.0

PW2C

0.84

0.68

2.31

14.1

32.0

32.4

21.5

PW2K3

0.79

0.54

0.00

11.1

34.7

27.6

26.6

DJ coal

0.89

--

0.00

30.5

19.5

45.6

4.39

Sample

OH/C=O

OH/Car

PC

2.90

2.22

2.64

PK3

5.89

7.20

PW1C

3.27

PW1K3

CH2

C=O/Car

%720=720/700-900; %870=870/(870+815+750+700); %815=815/(870+815+750+700); %750=750/(870+815+750+700); %700=70
0/(870+815+750+700);
³--³ :No calculation values because of the disturbance from minerals.
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DOC1 for PW1C, PW1K3 and PW2C, PW2K
shows a rising trend with the addition of KBH4, in
line with the aromatic compounds with more
aromatic rings and the heavier weight molecules,
contributing to the growth of extraction yield.
Since the decline of Car/(C=O+Car) and the
increase of C=O/Car for PW1C, PW1K3 and PW2C,
PW2K3, C=O is likely to increase with the
increased yield. This indicated that there were still
lots of carbonyls that were not reduced in coals
maybe for the limited contact of KBH4 and
carbonyls in net structures or the carbonyls in ester
that could not react with KBH4 under extraction
conditions. Therefore, the C-O had to increase more
because of the decrease of C=O/C-O, which means
that the increased heavier molecules had more C-O,
i.e. ether or C-OH.
As for aliphatic groups, the variation of
(CH3+CH2)/Car for pyridine-water extraction
indicates that with KBH4 added, the increased part
of heavier molecules has the more proportion of
aliphatic groups compared to aromatic carbons. The
trend of CH2/CH3 reflects that PC had longer chain
than PK3, suggesting the molecules that reacted
with KBH4 and retained in coals had longer chains.
The length of chain becomes longer with more
water added, as seen from Table 6, which may
imply that the length of aliphatic chain at heavier
molecules is longer than that at the lighter
molecules in the extractable materials. Furthermore,
the 720cm-1 band is assigned to long alkyl chain of
aliphatic structures by previous studies.[12,29] The
values of %720 for PC, PK3, PW1C and PW1K3
are consistent with the trend of CH2/CH3, while
those for PW2C and PW2K3 are unexpected and
unclear.
The 700-900 cm-1 region is assigned to
out-of-plane C-H deformation, and four bands were
observed in this region, as illustrated in Figure 2.
These four bands are assigned to aromatic
structures with isolated aromatic hydrogen (870
cm-1), two adjacent hydrogens per ring (815 cm-l),
four adjacent aromatic hydrogens (750 cm-1) and
five adjacent hydrogens (700 cm-1).[12,25] The
number of adjacent hydrogens per ring provides an
estimate of the degree of aromatic substitution and
condensation of extracts and coal sample.[12,37]
Although difference between the coal extracts was
found in the variation of the relative intensities of
the curve-fitted bands, there is no clear information
can be concluded from these data.
Compared with the coal extracts, DJ coal has
more aromatic carbons and high degree of
condensation in its macro molecules that cannot be
extracted by either pyridine or pyridine-water,
demonstrated
by
C=O/Car,
Car/(C=O+Car),
(CH3+CH2)/Car and DOC1, which is consistent with
the well known knowledge about coal structures.
CH2/CH3 of coal sample is larger than that of coal
extracts for the longer chain at macro molecules.

For the substituent mode of coal, DJ coal has
greater content of isolated adjacent hydrogen and
four adjacent hydrogens, while coal extracts by
pyridine and pyridine-water contains greater
content of five adjacent hydrogens and two adjacent
hydrogens, especially five adjacent hydrogens.
From Table 6, it is also found that among the
studied coal extracts, the extracts by pyridine
without KBH4 (PC) had the most similar structure
with the coal, in accord with the previous study.[8]

CONCLUSION
The addition of KBH4 did affect the extraction
yield of the perhydrous bituminous coal, molecular
weight and structure of the extracts in coal
extraction. The extraction yield by pyridine
declined a little with KBH4 added, while the Mw
and PDI had no difference after its addition. In
pyridine-water extraction, the extraction yield, Mw
and PDI all had obvious, increasing trend because
of KBH4. On the other hand, with more water
added (12.5%, by volume), the extraction yield
declined. A little water (5%, by volume) in pyridine
with addition of KBH4 has approximately the same
extraction yield as pyridine extraction without
KBH4.
In cooperation with the semi-quantitative
parameters of the coal extracts by integration of
FTIR absorption bands of the functional groups,
some structural information of coal was obtained.
The aromatic carbonyl was the main reactant with
KBH4, and the reaction lead to decrease of
extraction yield because of the strengthened
interaction of hydrogen bond among coal molecules.
However, there were still lots of carbonyls
unreduced. The addition of a small amount of water
(5%, by volume) into pyridine can strengthen the
interaction of hydrogen bond between solvent and
coal molecules and break more noncovalent
interactions. This will also result in increased
expansion of the network and greater
macromolecular chain mobility, leading to the
increase of extraction yield. These variations of the
extraction yield and extract structure are
demonstrated by the two factors that the interaction
of coal molecules by intermolecular forces and the
interaction between the coal and solvent molecules
because of the increased hydroxyls by reaction of
KBH4 with carbonyl.
The additional proportion of extracts with
KBH4 compared to that without KBH4 is mainly
phenolic compounds with heavier molecular weight
and longer aliphatic substituent groups. Compared
with DJ coal, the extracts tend to comprise more
five and two adjacent hydrogens, while the
macromolecules that cannot be extracted appears to
contain more isolated adjacent hydrogen and three
3226



© by PSP

Volume 25 ± No. 8/2016, pages 3221-3228

Fresenius Environmental Bulletin


adjacent hydrogens and longer aliphatic substituent
groups. Among the studied extracts, the one
extracted by pyridine without KBH4 had the most
similar structure with the coal.
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freeze±concentration wastewater treatment, the
layer crystallization method [3-4] and the
suspension crystallization method [5] of ice crystals
can be applied. The freezing of layer crystallization
method has high effective separation because it
yields a larger size of ice unit. However, the
freezing of traditional suspension crystallization
method produces small ice crystals in the mother
solution, and the amount of produced ice, is scarce
thus it is difficult to separate ice from wastewater
solution [6]. We choose the layer crystallization
method because of its simplicity in the separation of
solid ice layer from the liquid phase. Some
researchers had studied the methods of wastewater
treatment
using
freeze±concentration.
The
unidirectional freezing method that ice growth
layered from top to bottom is employed to
investigate the controlling factors on the quality of
ice. The method of crushing ice and centrifugation
(CIAC) is introduce, trying to further improve the
quality of ice. The results shows that the quality of
ice is mainly influenced by controlling factors such
as; freezing temperature and amount of seed ice [7].
Dai et al., 2011 had studied the effects of the
removal of organic pollutants such as nitrobenzene,
methylene blue and rose bengale; inorganic ions
such as Pb(NO3)2 using freeze concentration
method [8]. The results show that: the solution was
frozen while stirring; the pollutants were
concentrated at specific portion, where it was mixed
with a stirrer. If freeze±concentration method are
made possible using a simple facility, the process
will become a powerful treatment method for
wastewater while suppressing the operation cost.
These findings may be effective and useful in
developing of wastewater treatment system at an
industrial scale.
The objective of this research is to investigate
the removal of MB dye from aqueous solution
using layer crystallization method. 7KHLQÀXHQFHRI
several parameters, such as freezing temperature,
initial concentration of MB, and the stirring speed
upon removal ratio of MB have been investigated

ABSTRACT
This study was carried out to determine the
removal of methylene blue (MB) dye from aqueous
solution using layer crystallization method. In this
VWXG\ WKH LQÀXHQFH RI VHYHUDO SDUDPHWHUV VXFK DV
freezing temperature, initial concentration of MB,
and the stirring speed upon removal ratio of MB
were carried out. Results showed that when the
freezing temperatures of the solution were
decreased from ±5 to ±25 °C, the removal ratios of
MB in the ice were decreaed. The removal ratios of
MB in the ice were significantly affected for the
different concentrations of the MB solution, and the
values of removal ratios for the MB concentrations
of 50 mg L-1, 500 mg L-1 and 5000 mg L-1 were
94.36%, 82.29% and 71.82%, respectively. It was
found that the removal ratios of MB in the ice were
not significantly affected for the different stirring
speed. The driven force of concentration poor,
water molecules in liquid was diffused to the
interface of solid and liquid, while the MB
molecule near the interface of solid and liquid was
diffused to liquid.

KEYWORDS:
Diffusion, driven force, ice crystal, removal ratio, water
molecules.

INTRODUCTION
Freeze concentration is a processing technique
used to extract water from a sample without losing
valuable aromatics. One very common use of this
method is in the handling of fruit juices to produce
concentrates with an intense flavor [1]. The
concentrate can be used to make new products, or
frozen and mixed with water later to produce a
juice with a fresh taste. Food processing facilities
may maintain its process equipment for freeze
concentration if they can handle high volumes of
fruit juices. This process relies on the fact that
solutions have a lower freezing point than plain
water [2]. A crust of ice would form on the surface,
whilst a layer of liquid is concentrated below. For
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MATERIALS AND METHODS

R

C0  C
u 100%
C0

Materials. The methylene blue (MB) was
purchased from Wako Pure Chemicals Co., Osaka,
Japan. The MB concentrations of about 50 mg L -1,
500 mg L-1 and 5000 mg L-1, respectively, were
prepared using deionized water. The freeze±
concentrating technique was used to pretreat the
MB dye wastewater. The MB solution was stored at
4 ± 0.5 °C.

(1)
Here, R is the MB removal ratio (%); C0, the
initial concentration of the MB solution (mg/L); C,
the MB concentration in the ice (mg/L). Three
replicate runs were carried out for each
experimental treatment.

Experimental apparatus and procedure. A
equipment of freezing concentration that incluing
stirrer HTY8S25N±1(Japan Servo Co., Ltd.),
stationary vessels (acrylic resin, diameter 120 mm,
depth 180 mm), a pump, and a tank is shown in
Figure 1. The MB dye solution was supplied into
the stationary vessels by a pump from the tank. The
MB solution (1 L) in the stationary vessels was
frozen with the different stirring speed that was
located in a low temperature laboratory. The
temperature of the low temperature laboratory was
set at ±5 °C, ±15 °C and ±25 °C, respectively.
When most of the MB solution from the
surrounding of stationary vessels was frozen, the
ice was separated with concentrated solution of MB.
The ice samples were melted and the concentration
of MB in the ice samples were measured using an
ultraviolet visible spectrophotometer V±550 (Jasco
Co., Tokyo, Japan) at wavelength 665 nm for MB.
The parameters in Eq. (1), which were determined
from freezing experiment, The removal ratio (R)
was calculated by dividing the concentration of MB
in the solution and in the ice by the initial
concentration of MB in the solution.

Effect of the freezing temperature. Five
hundred milliliter mixtures of MB (500 mg L-1) was
frozen at ±5°C, ±15 °C, and ±25 °C with the stirring
speed of 200 rpm in the 1L beaker in a refrigerator.
After freezing most of the MB solution, the ice
samples were melted and the concentration of MB
in the ice samples were measured. Figure 2 shows
that the removal ratios of MB in the ice with
different freezing temperatures (from ±5 to ±25 °C)
at MB concentration of 500 mg L-1. It shows that
the removal ratios of MB in the ice were decreaed
with the freezing temperatures decreased. The
values of removal ratios for MB in the ice were
74.15% for the freezing temperatures of ±5°C,
82.29% for that of ±15°C, and ±87.43% for that of
±25°C. Under the rapid freezing conditions (such as
±25 °C), there appears ice crystals with tree
branches and needle±like crystals at the solid±liquid
interface [9]. Much more ice crystals were obtained
by caging MB molecule, lead to decrease the
removal ratio of MB, because the speed of freezing
for water molecule was faster than that of exceed
for pollutant (the MB) from MB solution [10].

RESULTS

Stirrer

Stirrer

The MB solution

The concentrated
solution of MB

The concentrated
solution of MB

FIGURE 1
Schematic of freezing concentration equipment
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FIGURE 2
Removal ratios of MB in the ice with different
freezing temperatures at the concentration of the
MB (500 mg L-1).

500 mg L-1

5000 mg L-1

FIGURE 3
Removal ratios of MB in the ice with different
MB concentrations at the freezing temperature
of ±15 °C.
Effect of the stirring speed. Five hundred
milliliter mixtures of MB (500 mg L-1) was frozen
with the stirring speed of 100 rpm, 200 rpm, and
300 rpm at the freezing temperature of ±15 °C. The
removal ratios of MB in the ice is shown in Figure
4. The values of removal ratios of MB for the MB
concentrations of 100 rpm, 200 rpm, and 300 rpm
were 78.74%, 82.29% and 82.48%, respectively. It
has found that the removal ratios of MB in the ice
were not significantly affected for the different
stirring speed. So the stirring speed of 200 rpm was
selected
in
other
run.

Effect of the concentration of MB solution.
The MB solution (50 mg L-1, 500 mg L-1 and 5000
mg L-1) was frozen with the stirring speed of 200
rpm at the freezing temperature of ±15 °C. The
removal ratios of MB in the ice is shown in Figure
3. The values of removal ratios of MB for the MB
concentrations of 50 mg L-1, 500 mg L-1 and 5000
mg L-1 were 94.36%, 82.29%
and 71.82%,
respectively. The results (see Figure 3) show that
the removal ratios of MB in the ice were
significantly varied among
the different
concentrations (50 mg L-1, 500 mg L-1 and 5000 mg
L-1) of the MB solution

Removal ratio of MB in the ice (%)

100

75

50

25

0
100 rpm

200 rpm

300 rpm

FIGURE 4
Removal ratios of MB in the ice with different stirring speed at the freezing temperature of ±15 °C.
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The removal of MB dye from the aqueous
solution using layer crystallization method was to
investigate WKHLQÀXHQFHRIVHYHUDOSDUDPHWHUVVXFK
as freezing temperature, initial concentration of MB,
and the stirring speed for the removal ratio of MB.
When the freezing temperatures of the solution
were decreased from ±5 to ±25 °C, the removal
ratios of MB in the ice were decreaed. The removal
ratios of MB in the ice were significantly affected
by the different concentrations of the MB solution,
and the values of removal ratios for the MB
concentrations of 50 mg L-1, 500 mg L-1 and 5000
mg L-1 were 94.36%, 82.29% and 71.82%,
respectively. It has found that the removal ratios of
MB in the ice were not significantly affected for the
different stirring speed. The driven force of
concentration was poor, water molecules in liquid
was diffused to the interface of solid and liquid,
while the MB molecule near the interface of the
solid and liquid was diffused to liquid.

DISCUSSION AND CONCLUSIONS
The image of movement model of water
molecules and pollutants molecules in the process
of freezing is shown in Figure 5. The system in the
aquatic solution begin generate ice crystals when
the temperature of the solution decreases to a
freezing point [11]. Then part of the MB molecule
of the solution was precipitated rapidly, it increase
the formation possibility for critical dimensions of
ice nuclear, prompted water out-of-phase nuclear
and accelerate the formation of ice [12]. So water
molecules of the solution was crystallized slowly
and it take shape the clean ice layer [9]. The growth
rate of crystal was relevant to water molecules
added to the rate that water molecules go up to
crystals nucleus and state of the interface of solid
and liquid, the nucleation near the interface can be
attached to the nucleation surface only through the
interface warp [13]. At this point, there exist two
kinds of diffusion including water molecules and
MB molecule in the system of solution [14].
Nearby the interface of solid and liquid, water
molecules was crystallized under the hydrogen
bonding interaction, adhere to the ice surface, and
MB molecule will be squeezed from ice to the
solution, the concentration of water molecules near
the interface of solid and liquid are much less that
in the whole liquid, the concentration of the MB
near the interface of solid and liquid is much more
than that entire liquid [15]. The driven force of
concentration poor, water molecules in liquid was
diffused to the interface of solid and liquid, while
the MB molecule near the interface of solid and
liquid was diffused to liquid [6].
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flour and jelly. The output of konjac plant was
about 57670 tons in Japan in 2014 [23].
Glucomannan is a water±soluble polysaccharide
that is considered a dietary fiber. It is a
hemicellulose component in the cell walls of konjac
plant. Glucomannan is a food additive used as an
emulsifier and thickener. Glucomannan is mainly a
straight±chain polymer, with a small amount of
EUDQFKLQJ 7KH FRPSRQHQW VXJDUV DUH ȕ± ĺ ±
linked D±mannose and D±glucose in a ratio of
1.6:1 [24].
The degree of branching is about 8% through
ȕ± ĺ ±glucosyl linkages. The structure of
konjac glucomannan (KGM) (see Figure 1) was
provided by Xu et al. [25].
KGM has many advantages such as, low cost,
non±toxic, excellent film forming ability and
biodegradability [26]. KGM gel (KGMG) has long
been used as a non±calorie health±care food
classified in the food industry. In the environmental
field, there are reported that cross±linked
carboxymethyl KGMG has been used to
eliminate Cu2+, Cd2+ and Pb2+ [27]. Ferric
carboxylmethyl
konjac
glucomannan
gel
microspheres (CMKGM±Fe) were prepared by
cross±linking carboxyl methyl konjac glucomannan
(CMKGM) with Fe3+. The adsorption capacity of
CMKGM±Fe for benzoic acid was investigated [28].
The results showed that adsorption equilibrium
could be established in about 11 h. When the
temperature was 25 °C, the CMKGM concentration
was 1.5 % (w/v), the mass ratio of Fe3+ was 2.5 %
(w/v), and the initial concentration of benzoic acid
was 1000 mg L-1 and the adsorption capacity
attained 0.4954 mmol g-1. Nevertheless, there are
very scarce reports on the use of KGMG±CM for
NB removal from aqueous solution.
The objective of this work was to investigate
the removal of NB from aqueous solution by using
KGMG±CM. Moreover, the physical and chemical
properties of KGMG±CM, CM and KGMG were
LQYHVWLJDWHG 7KH LQÀXHQFH RI DGVRUSWLRQ WLPH SH
of solution of NB by KGMG±CM and CM were
investigated. The adsorption isotherm of NB on
KGMG±CM was compared with that of CM.

ABSTRACT
In this study, the konjac glucomannan gel
(KGMG) beads with entrapped carbon material
(CM) (KGMG±CM) were prepared and the
adsorptive properties of nitrobenzene (NB) on
KGMG±CM
were
investigated.
Moreover,
adsorption dynamics, and the effect of pH of the
adsorbents (KGMG±CM and KGMG) were
compared with those of CM. The removal ratios of
NB on KGMG±CM and CM after 3 h were 94.3 %
and 92.4 %, respectively. The adsorption capacities
of KGMG±CM and CM for NB were not affected
by pH 2±12. KGMG±CM, new adsorbent, can be
solve the problem of powder adsorptive material
scattering and protect the adsorption sites in process
of treatment wastewater, and it is easy to produce
and separate with pollutants. So KGMG±CM is
suitable for treating NB wastewater.
KEYWORDS:
Konjac glucomannan, peparate, carbon material,kinetics,
distribution

INTRODUCTION
Nitrobenzene (NB) is a carcinogen, it is
widely used in the production of different types of
products, including dyes, plastics, pesticides,
explosives,
pharmaceuticals
and
chemical
intermediates in the synthesis industry [1,2]. After
the use of NB in the solution is generally
discharged to the sewage treatment plant, where it's
a large proportion can not be removed by
conventional methods, and discharged to the
surrounding water environment [3]. NB can be
present to the ecological and human health risks at
low concentrations [4-6]. Therefore, a variety of
possible
treatment
technologies
such
as
bioremediation [7], chemical oxidation[8,9] ,
catalyzed oxidation [10-12], electrochemical
methods [13], and adsorption [14-16] have been
used to remove aqueous NB.
On the other hand, konjac plant is grown in
Asia, such as Japan, China, Korea, used to create a
3234
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FIGURE 1
Chemical structure of the konjac glucomannan

and 165 rpm. After the adsorbents were separated,
the NB concentration was determined by an
ultraviolet visible spectrophotometer V±560 (Jasco
Co., Tokyo, Japan) at 268 nm. Three replicate runs
were carried out for each experimental treatment.
The NB amounts on the adsorbents were calculated
by difference between the initial and the
equilibrium NB concentrations in the solution. The
removal ratio was calculated by dividing the
amount of NB adsorbed on KGMG±CM, CM or
KGMG by the initial amount of NB in the solution.

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

Adsorption experiments. The pH of 25 mL
aqueous solution of 50 mg L-1 NB was adjusted to 7
using 0.01 M phosphate buffer solution. The
solution was then poured into a flask (50 mL). The
sample of KGMG±CM (KGMG: 1 g containing
CM: 10 mg, the following), CM (10 mg), or
KGMG (1 g) was then added to the solution and the
mixture was shaken at 165 rpm at 25 °C. In
addition, in order to obtain the adsorption isotherm,
the mixtures (KGMG±CM (1 g) or CM (10 mg) and
NB (0±200 mg L-1)) were shaken for 24 h at 25 °C
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FIGURE 3
Effect of adsorption time on nitrobenzene (NB)
adsorption by the KGMG±CM, the KGMG and the
CM (initial concentration of NB (50 mg L-1), pH 7.0,
at 25 °C)
RESULTS
Effect of contact time on NB adsorption .
Mixtures of NB (50 mg L-1) and KGMG±CM (1 g),
or CM (10 mg), or KGMG (1 g) in an aqueous
solution, were vibrated at 25 °C and 165 rpm.
KGMG±CM and CM in adsorption equilibrium
within about 2h was reached in Figure 3. The
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removal ratios of NB on KGMG±CM and CM after
3 h were 94.3 % and 92.4 %, respectively, however,
it was 1.2 % for KGMG. NB was adsorbed rapidly
by CM, however, it was scarcely adsorbed to the
KGMG because there are has very seldom pores on
surface of KGMG. The removal ratio of NB onto
KGMG±CM was slightly higher than that of the
CM itself. It was confirmed that KGMG was able to
be used as the carrier of CM power material.

ACKNOWLEDGEMENTS
The many precious and helpful comments
provided by the reviewers of this manuscript are
gratefully acknowledged. The authors are grateful
to Dr. Norifumi Terui of the Ichinoseki National
College of Technology for his assistance. The
authors are also grateful to Mr. Kiyofumi Watanabe
of the Regional Energy Promotion Room of Oshu
city, for his experimental support in the study. This
work was supported by National Science and
Technology Research Program of China
(2012BAD06B02±01D2) and Scientific Research
Foundation for Postdoctoral Scientists of
Heilongjiang Province of China (LBH±Z12047).
Both authors contributed equally to the work.

The effect of pH for KGMG±CM and CM .
In order to determine the effect of pH value, the
dependence of pH 2±12 on the adsorption of NB
(50 mg L-1) using KGMG±CM and CM. Obviously,
the adsorption capacities of KGMG±CM and CM
for NB were not affected by pH over the range
examined in this study (pH 2±12) (see Figure 4). So,
the pH for removal of NB onto the KGMG±CM
and the CM was selected to be 7.0 in other runs.
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flour and jelly. The output of konjac plant was
about 57670 tons in Japan in 2014 [7].
Glucomannan is a water±soluble polysaccharide
that is considered a dietary fiber. It is a
hemicellulose component in the cell walls of konjac
plant. Glucomannan is a food additive used as an
emulsifier and thickener. Glucomannan is mainly a
straight±chain polymer, with a small amount of
EUDQFKLQJ 7KH FRPSRQHQW VXJDUV DUH ȕ± ĺ)±
linked D±mannose and D±glucose in a ratio of
1.6:1 [8]. The degree of branching is about 8%
WKURXJK ȕ± ĺ ±glucosyl linkages. The structure
of konjac glucomannan (KGM) (see Figure 1) was
provided by Xu et al. [9]. In the environmental
field, there are a few report. A QRYHO ÀRFFXODQW
based on konjac±graft±poly (acrylamide)±co±
sodium xanthate (CKAX), was synthesized, and
adsorption±desorption
characterization
of
crosslinked
konjac
glucomannan±graft±
polyacrylamide±co±sodium xanthate was studied
[10]. The experiments showed that the adsorption
rate could be described by pseudo±second±order
rate model, and the Freundlich model provides a
EHWWHU ¿W IRU WKH DGVRUSWLRQ LVRWKHUP 7KH
adsorptive ability of organic compounds by
containing AC in the konjac glucomannan gel
(KGMG±AC) has been reported previously. Dai et
al. (2014) developed this compound material
(KGMG±AC) to remove NB, methylene blue (MB),
and rose bengale (RB) from aqueous solution [11].
The results of the present study show that the
removal ratio of NB, MB and RB onto KGMG±AC
was slightly higher than that of the AC.
Nevertheless, there are very scarce reports on the
use of KGMG±CM for NB removal from aqueous
solution.
The objective of this work was to investigate
the removal of NB from aqueous solution by using
KGMG±CM. Moreover, the physical and chemical
properties of KGMG±CM, CM and KGMG were
LQYHVWLJDWHG7KHLQÀXHQFHRIadsorption for NB by
KGMG±CM and CM were investigated. The
adsorption isotherm of NB on KGMG±CM was
compared with that of CM.

ABSTRACT
In this study, the konjac glucomannan gel
(KGMG) beads with entrapped carbon material
(CM) (KGMG±CM) were prepared and the
adsorptive properties of nitrobenzene (NB) on
KGMG±CM were investigated. Moreover, the
physical and chemical properties, and adsorption
isotherms of the adsorbents (KGMG±CM and
KGMG) were compared with those of CM. The
results of the present study the saturated adsorption
amounts of NB on KGMG±CM were 312 mg g-1.
These values were slightly larger than that of CM
itself. KGMG±CM, new adsorbent, can be solve the
problem of powder adsorptive material scattering
and protect the adsorption sites in process of
treatment wastewater, and it is easy to produce and
separate with pollutants

KEYWORDS:
Konjac glucomannan, peparate, carbon material,kinetics,
distribution

INTRODUCTION
Adsorption with activated carbon materials is
considered as one of efficient method, is used to
removal the nitrobenzene (NB) in aqueous solution
[1]. Activated carbon (AC) is widely used as
an adsorbent for removal of organic matter and
heavy metal ions, due to its high adsorption
capacity [2,3]. The removal of NB has been
reported using commercially AC [4,5]. However, it
is not cheap, therefore, low cost adsorbents for
eliminate contaminants are urgently needed.
Among low cost adsorbent materials, carbon
material (CM) prepared from the combustion of
woody biomass have been reported before. Dai et
al. (2010) employed this CM to remove NB from
aqueous solution[6], and the saturated adsorption
amount of NB was 294 mg g-1.
On the other hand, konjac plant is grown in
Asia, such as Japan, China, Korea, used to create a
3238
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FIGURE 1
Chemical structure of the konjac glucomannan
surface area for KGMG±CM, CM and KGMG were
measured using a surface analyzer AUTOSORB
6AG (Yuasa Ionics Co., Osaka, Japan)[13]. The
point of zero charge (pHPZC) was determined for
KGMG±CM, CM and KGMG using the acid±base
titration method of Faria et al. [14]

MATERIALS AND METHODS
Materials. The KGM powder was purchased
from Ogino Company Ltd. (Gunma, Japan) and
further purified according to the reported method of
Ozu et al. [12]. NB, calcium hydroxide and ethanol
were purchased from Wako Pure Chemicals Co.
(Osaka, Japan). The adsorbent CM was obtained
from gasification power plant (Thomas Koch
Corporation, Denmark) from the combustion of
woody biomass in Oshu City (Japan) [6]. After
washing, this CM was dried for overnight at 105
°C. The water used in this study was doubly
distilled water.

RESULTS
Physical and chemical characteristics. To
order to compare the surface charge density of the
KGMG±CM, CM and KGMG, we measured pHPZC
and the BET surface area. The values of pHPZC for
KGMG±CM, CM and KGMG were 8.2, 10.7 and
7.4, respectively. These results show that the
surface charge of KGMG was almost zero as long
as there was neutral. The BET surface area of
KGMG±CM (130 m2 g-1) and KGMG (77 m2 g-1)
was much lesser than that of CM (851 m2 g-1),
because the KGMG structure do not have so much
pores like CM. Fig. 3 (a) shows SEM of KGMG±
CM is a structure of network by the KGM
molecular chains from the hydrogen bonds and
hydrophobic interactions between the KGM chains
after removing acetyl groups [15]. In addition, there
it is very hard to find dispersed CM particles in the
structure of network of KGMG in Figure 3 (b).
Obviously, Figure 3 (c) can be found that there is
reveal a partial rope±like structure on the CM
surface.

Preparation of KGMG or KGMG±CM.
Preparation of KGMG and KGMG±CM was carried
out according to the reported method of Dai et al.
[11]. 7.0g KGM powder or mixing 2.3 g CM was
dispersed in 200 mL distilled water in a flask with a
mechanical stirrer for 1 h. The dispersion was
heated to 60 °C, and 30 min to keep in a water bath.
Then 27 mL of 0.14 M aqueous solution of calcium
hydroxide was added, and stirred at 165 rpm for 15
min to form KGMG or KGMG±CM (see Figure 2)
and cut bead before use.

KGMG

KGMG-CM

Adsorption isotherms for NB. The
adsorption isotherms for KGMG±CM and CM were
measured at 25 °C and pH 7. As indicated in Figure
6, the isothermal curves of NB for KGMG±CM and
CM showed a typical Langmuir±type pattern. The
parameters in equation (1), which were determined
from adsorption isotherms for KGMG±CM and
CM, are summarized in Table 1.

FIGURE 2
Photos of the KGMG and the KGMG±CM


Physical and chemical characteristics of
KGMG±CM, CM and KGMG. The surfaces of
KGMG±CM, CM and KGMG were observed by
using a scanning electron microscope (SEM), JSM±
6360LA (Jeol Ltd., Tokyo, Japan). The BET

Here, qe is the amount adsorbed (mg g-1); Q0,
the saturated adsorption amount (mg g-1); KL, the
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FIGURE 3
SEM images of the KGMG±CM (a), KGMG (b) and CM (c)
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FIGURE4
Adsorption isothermal curve of nitrobenzene (NB) by the KGMG±CM, and the CM (shaking time 24 h for
25 mL of NB (10 to 200 mg L-1), pH 7.0, at 25 °C)

TABLE 1
Parameters of the Langmuir model for nitrobenzene adsorption isotherms
Sample
Q 0 (mg g-1 CM)
KGMG²CM 䚷䚷䚷䚷
312
CM

K L (L mg-1)
0.14

294

0.22

adsorption equilibrium constant (L mg-1); and Ce,
the adsorption equilibrium concentration (mg L-1).
Table 1 shows the KL value (0.14 L mg-1) of
KGMG±CM was less than that of CM (0.22 L mg1
), however, the Q0 value of KGMG±CM (312 mg
g-1) was slightly larger than that of CM (294 mg g1
). This small difference is due to the distribution of
NB in water in the gel beads. These results
confirmed that the KL value of KGMG±CM was
reduced by being embedded by KGMG, however,

0.99

the adsorption ability of KGMG±CM did not
change from the original CM. The adsorption
ability KGMG±CM and CM is close if equilibrium
time to reach 2 h (see Figure 4).
On the other hand, the investigations of
organic compound of removal properties by
alginate gel (AG) beads with entrapped carbon
materials (carbon nanotubes (CNT) and AC) had
been reported [16,17]. In order to separate the
contaminants, KGMG or AG beads can be used as
3240
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good carrier for power adsorbing material such as,
CNT, AC and CM, the adsorption capacity of new
adsorbents (KGMG±CM, AG±CNT or AG±AC)
does not change from the original CM, CNT or AC.
Compared to KGMG and AG, there are several
advantages. KGMG is cheaper than AG, and the
cost of KGMG is low. Moreover, mechanical
capability of KGMG is better than those of AG,
then easy to protect the adsorption sites in process
of treatment wastewater. In addition, the pHPZC
values of KGMG and AG were 7.4 and 2.7,
respectively [11]. These values shown that the
KGMG was almost neutral, however, AG is
negatively charged. Thus, KGMG±CM almost not
affected by the negative charge of metal ion, on the
contrary the AG±CNT or AG±AC with negative
charge on the surface was affected by charge
exclusion in the process of adsorption.

[2]

[3]

[4]

[5]

[6]

DISCUSSION AND CONCLUSIONS
We examined the adsorption properties of
nitrobenzene by using konjac glucomannan gel
beads with entrapped carbon material. This material
has a high ability for adsorption of NB. The
saturated adsorption amounts of NB on KGMG±
CM were 312 mg g-1. This value was slightly larger
than that of CM itself (294 mg g-1). As a result, this
study has shown that the KGMG±CM of the
development of a new adsorbent that can be solve
the problem of powder adsorptive material
scattering and protect the adsorption sites in process
of treatment water, and it is easy to produce and
separate with pollutants.

[7]
[8]

[9]

[10]
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In the same report an international evaluation
is done according to which, after 27 countries have
reported the data, about 1,170,000 potentially
Contaminated Sites have been identified to date and
this is estimated to approximate 45% of the number
of possible sites for the EEA-39. About one third of
the estimated total of 342,000 Contaminated Sites
for the EEA-39 have already been identified and
about 15% of the estimated total have been
remediated. However, there are substantial
differences in the underlying site definitions and
interpretations that are used in different countries
[1].
At European level, many countries have
finished the contaminated sites inventory until
2011. In figure 1 the main contaminants that affect
the solid matrix, are presented.

ABSTRACT
In Romania, according to the National
Strategy and National Action Plan for
Contaminated Sites Management in Romania, there
are more than 215 potentially contaminated sites.
According to the same report on the management of
contaminated sites in 2013, starting more than 150
years ago, the oil industry in Romania is considered
extremely important for economic development.
Contaminated sites related to petroleum industry
are ranging from small (extraction fields) to large
and complex (refinery or storage facilities large distribution of petroleum products). This paper will
present the most used remediation methods at
nationally level for petroleum contaminated sites.
Moreover they will be presented and feasible
alternatives that could be applied in Romania. The
three methods presented here can be classified as a
biological method (bioremediation), a thermal
method (thermal desorbtion) and a physicochemical method (electrochemical method). If the
first two methods are already used at real scale at
national level, the third method was studiedduring
the development of an european project.
KEYWORDS:
soil pollution, hydrocarbons, remediation,
bioremediation, thermal desorption, electrochemical
treatment

INTRODUCTION
$FFRUGLQJWRWKH³3URJUHVVLQWKHPDQDJHPHQW
RI &RQWDPLQDWHG 6LWHV LQ (XURSH´ IURP  WKH
estimates for the extent of local soil contamination
are available for about one third of the countries
surveyed from European Union; an average of
about 4.2 Potentially Contaminated Sites are
reported per 1,000 inhabitants and about 5.7
Contaminated Sites per 10,000 inhabitants. A
tentative extrapolation to the whole of Europe
produces an estimate for the total number of
Potentially Contaminated Sites of 2.5 million, of
which about 14% (340,000 sites) are expected to be
contaminated and likely to require remediation.

FIGURE 1
The main contaminants that affect the solid
matrix (soil) [1]
At European level exist policy targets for local
soil contamination, and Romania, until 2020 has the
following target: environmental remediation of the
majority polluted areas. Taking into account that
Romania did not supply the necessary data for this
study, this paper will use the data published in the
5RPDQLDQ GRFXPHQW ³1DWLRQDO VWUDWHJ\ IRU WKH
PDQDJHPHQWRIFRQWDPLQDWHGVLWHV´LQ
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FIGURE 2
Generic thermal desorption process [3]

organic chemicals. Bioremediation may then enable
appropriate reuse of the treated soil and minimise
disposal of waste soil to landfill, whilst providing
for adequate protection of human health and the
environment. Bioremediation is not a new concept
and is being increasingly used as a relatively
economical environmental remediation technology.
The ex situ bioremediation treatment of soil is
generally undertaken in contained and managed
biopiles or, subject to limitations, by landfarming.
Bioremediation,
including
phytoremediation
technologies [4, 5, 6, 7, 8, 9], can occur naturally or
can be encourage with addition of microbes and
fertilizers. The microbes present in the soil first
recognize the oil and its constituent by
biosurfactants and bio emulsifiers, and then they
attach themselves and use the hydrocarbon present
in the petroleum as a source of energy and carbon
[10]. The low solubility and adsorption of high
molecular weight hydrocarbons limit their
availability to microorganisms. The addition of
biosurfactants enhances the solubility and removal
of
these
contaminants,
improving
oil
biodegradations rates [10]. Biological remediation
using microorganisms and plants is generally
considered a safe and less expensive method for the
removal of hazardous contaminants. The
microorganisms have the primary catalytic role in
degrading or mineralizing various contaminants and
converting non-toxic by-products during soil
bioremediation processes [11].

MATERIALS AND METHODS
In the present paper three methods used for
soil treatment will be presented. The first two
methods are widely used at national level (thermal
desorption and bioremediation), while the third one
was studied during a PhD thesis and a European
project, RECOLAND. The objective will be to
present the main steps in the application of the first
two methods after which to focus on the
presentation of the third one as a possible solution
to an actual problem.
Thermal desorption. Thermal treatment is
one of the effective methods to rapidly treat the oilcontaminated soil. However this method costs
much due to the high energy consumption
comparing with other conventional treatments, like
biological ones [2].The general description of
thermal desorption is described in the report issued
by the United States of America [3]. Thus, thermal
desorption is a term applied to many different types
of soil remediation technologies. All of these
technologies consist fundamentally of a two-step
process, as illustrated in Figure 2. In Step 1, heat is
applied to a contaminated material, such as soil,
sediment, sludge, or filter cake, to vaporize the
contaminants into a gas stream that, in Step 2, is
treated to meet regulatory requirements prior to
discharge. A variety of gas treatment technologies
are used to collect, condense, or destroy these
volatized gases.

Electrochemical remediation. The third
technology presented in this paper is one based on
the application of an electrical current in the
polluted area. Electrokinetic remediation, variably
named as electrochemical soil processing,
electromigration, electrokinetic decontamination or

Bioremediation.
According
to
the
Environment Protection Authority (EPA) guidelines
from 2005, bioremediation, when properly
managed, is an environmentally sound and costeffective method of treating soils containing
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FIGURE 3
Possible electrode distribution for the application of electrochemical remediation [11]

The
electrode
distribution
when
electrochemical remediation is applied can vary
from the bench scale to commercial installations as
it is presented in figure 3.

electroreclamation uses electric currents to extract
radionuclides, heavy metals, certain organic
compounds, or mixed inorganic species and some
organic wastes from soils and slurries [12, 13]. At
first, these types of technologies were used mainly
for the remediation of metals, radionuclides and
polar inorganic pollutants from soil and
groundwater, and the process was called
Electrokinetic Remediation. In recent years, several
researches have been developed about DCT (direct
current technologies) and their effectiveness in the
removal of organic pollutants from soils and
sediments. These studies seem to suggest that DCT
can be effectively used for the mineralization of
many organics, with lower energy expenditure, if
compared to traditional electrokinetic remediation
methods [14].
The electrochemical remediation depends on
several important factors, as it will be presented in
the following [15]:
soil chemistry, or soil-contaminant interaction:
the kinetics of the removal of contaminants is
bound to adsorption phenomena, ion-exchange,
buffering capacity;
water content: inhomogeneous distribution of
humidity and consolidation may take place during
an elecrokinetic treatment;
soil structure: clogging of the soil porous
texture and blocking of the electro-osmotic flow
may take place due to hydroxide formation
(presence of heavy metals);
positioning of the electrodes and electrode
structure: solidity of the structure, easy workability,
chemical stability, costs, are major actors. Silicon
pig-iron, graphite, activated titanium are electrode
materials of practical interest.

RESULTS
Thermal desorbtion and bioremediation.
Regarding the first two methods (thermal
desorption and bioremediation), in this paper a case
study will be presented, where both of them are
applied sequentially. This case study will refer to an
area contaminated with petroleum residue. The first
step is to implement a good management plan. This
management plan of contaminated sites involves
five main stages [16]:
Identification of the potentially contaminated
site and the registration of it in a database. The sites
located in the database will have priority.
Preliminary investigation in order to identify
the
potential
contamination
sources,
lodgingtransmission and receiver based on the
history of the area, location and activities
throughout time.
Detailed investigation needed to do the
hydrogeological and geochemical characterization
of the site, contamination sources, transmission
routes, and receptors confirmation and the
assessment of the contamination extent.
The risk assessment to which the receptors are
exposed to the confirmed contamination at the site.
Options / remedial measures: limiting the
contamination,
eliminating
/
reducing
contamination oronly natural attenuation and
monitoring accompanied by receptor behavior
modification.
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FIGURE 4
The remediation process overview [12]

The test has been performed with the main
purpose to observe the behavior of the integrated
system and the effectiveness in terms of
contaminant removal that can be obtained after a
periodical change of polarity. This trial been
conducted on a simple sample of sand with a total
weight of 2.4 kg, previously artificially
contaminated by diesel fuel. The test ISECOPC (In
Situ Electro Chemical Oxidation with Polarity
Changing) has been performed on diesel
contaminated sand, in the experimental setup 2 for
a treatment period of 28 days with a specific
voltage of 1 V/cm (table 1).
The oxidant used for this test was hydrogen
peroxide with a concentration of 10%. The quantity
of oxidant that must be inserted into the
contaminated sample was calculated at about 810
ml. The quantity was divided in 6 dosages of 140
ml that have been administrated in the first two
days of the week.
The parameters that have been monitored
during this trial are: the pH, the current, the redox
potential and at the end of the experiments the
values for TOC and TPH were also identified. From
the beginning until the end the pH ranged around
the value of 7.
The values for the current did not exceed the
value of 100 mA. The high value of the current is
normal because of the insertion of the oxidant that
increases the concentration of ions. The trend of the
current is decreasing and is characterized by small
intensity peaks that are localized after a short period
from the oxidant injection. The monitoring of the
current has been done with a digital multimeter.
The data will be presented only for the first two
weeks. As for the previous test, the hydrogen

Electrochemical remediation. For the third
method, electrochemical method, the results
obtained during a PhD research and a European
project, will be presented. The experimental
research used a setup (Figure 5) done with the
funds from a project co-financed under the
6HFWRULDO 2SHUDWLRQDO 3URJUDPPH ³,QFUHDVH RI
(FRQRPLF &RPSHWLWLYHQHVV´ 326&&(-A2-O2.1.2.2009-2, RECOLAND ID519, SMIS-CSNR: 11982,
Nb. 182/18.06.2010 (2010-2013). The working
principle of the setup is the same with the one of
the setup used for a PhD research performed during
an international PhD.
In figure 5, the experimental setup used for the
experiments done in laboratory is presented.

FIGURE 5
The experimental setup ± electrochemical cell,
power supply and the sensors used for pH and
redox measurements
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Another parameter that has been monitored
during the test ISECOPC is the redox potential.
Redox potential (also known as oxidation/reduction
potential or ORP) is the tendency of a chemical
species to acquire electrons and thereby be reduced.
Each species has its own intrinsic reduction
potential; the more positive the potential, the
greater the species affinity for electrons and
tendency to be reduced. The redox potential is a
measure (in volts) of the affinity of a substance for
electrons ² its electronegativity ² compared with
hydrogen (which is set at 0). Substances more
strongly electronegative than (i.e., capable of
oxidizing) hydrogen have positive redox potentials.
Substances less electronegative than (i.e., capable
of reducing) hydrogen have negative redox
potentials.
The trend of redox potential for the first week of the
trial is presented in figure 6. In this figure is
presented the evolution for only the first week
because it was wanted to underline the tendency of
the redox potential. High redox potential near the
anode indicates highly oxidizing conditions, while
low redox potential near the cathode indicates
reducing conditions. It was noticed that after the
first day of treatment the redox potential decreased
linearly from the anode to the cathode to a value
closed to zero. This is due to the electric potential
of DC and its redox reactions at electrodes. In these
conditions it was decided to change the polarity of
the experiment. Before the polarity changing the
profile is very marked after which the values for the
redox potential at different distances from the
anode tends to be closer as values.

peroxide that was used for this test had a
concentration of 10%.

TABLE 1
The main characteristics of ISECOPC
Test
Matrix
Contaminant
Sample weight
Sample density
Exposure time
Voltage (constant)
Specific voltage
Oxidant

ISECOPC
Fine sand
Diesel
2.4
1.5
28
18
1
H2O2

[kg]
[kg/L]
[d]
[V]
[V/cm]
[ml]

Regarding the evolution of soil pH it is noted
that the changes made during this test are very
similar to those in the previous tests, where at
anode the pH tends to decrease and at the cathode
to increase. The difference consists in the fact that
the variation is very small, almost undetectable.
This is due to the fact that the first tendency for the
pH is to decrease as in the other tests, and so to
form the acid and basic front at the two electrodes.
The acid front that moves from the anode to the
cathode and the basic front that moves from the
cathode to the anode (in the beginning of the tests),
change their direction after the polarity of the
experiment (node becomes cathode and vice versa)
is changed.

The redox potential along the sample for a week
day 8 the electric field was
inverted

800
700
600

day 2 the electric field was
inverted

redox potential [mV]

500

time 0
day 1
day 2
day 6
day 8

400
300
200
100
0
-100
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FIGURE 6
Redox evolution during the first week of treatment for test ISECOPC
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FIGURE 7
Removal percentages distribution for TPH along the soil specimen at the end of test ISECOPs

the remediation. Energy consumption per unit
volume of soil is calculated using the following
equation [17]:

At the end of the test ISECOP, two parameters
were analyzed, the TOC and TPH. After 28 days of
treatment, the sand sample has been divided in
three parts that corresponds to the cathode, middle
and anode area. The removal percentages obtained
at the end of the test were very good. For TOC it
was registered almost 50% removal and for TPH
around 70%. The analysis for these two parameters
have been done according to standard methods: DM
13/09/1999 for TOC, EPA 5021A 2003 + EPA
8015 D 2003 (Hydrocarbons <=C12) and ISO
16703:2004 (hydrocarbons >C12).
The TPH distribution was evaluated at the end
of the experiment (Figure 7) to assess any influence
of the electrode distance or of the transport
phenomena on the pollutant removal. The TPH
concentration in the soil sample ranged from 2.26
g/kgDW at the anode of the specimen to 2.77 g/kgDW
in the section closest to the cathode and in the
middle. Despite this small variability, that can be
considered due to analytical errors and to a quite
heterogeneous distribution of the hydrophobic
pollutants of concern, as expected, no significant
influence of the electrode distance or of the
transport phenomena was detected for sand. For
TOC it can be noticed also the uniformity in
removal percentages along the soil sample.
The final soil water content ranged from
21.7% for the soil near the anode, to 21.3% at the
cathode site, with an almost linear distribution in
space.
Taking into account the values measured for
the current and voltage, it was possible to
approximate the energy consumption necessary for

EP

³ VI dt

(8.1)

where, Vs is volume of soil processed; V is
voltage difference between the electrodes (applied
YROWDJH  DQG , LV HOHFWULF FXUUHQW (ȝ LV FDOFXODWHG
as kWh m-3.
For the test presented here the specific energy
expenditure is 125,47 [kWh/m3].

DISCUSSION AND CONCLUSIONS
The effects of pollutants specific to petroleum
refining released in the atmosphere affect human
health or vegetation. Pollution generated by
petroleum industry and environmental protection
(chlorosis,
necrosis,
photosynthesis
and
transpiration reduction), water and soil (increase
water acidity, it opacity, water flora and fauna,
spontaneous
and
cultivated
flora
etc.),
constructions, corrosion, installation(cause by
corrosion of contacts and cables etc.) There are also
risks for human health, for bio environment and
vegetation, aromatic compound with mutagen and
cancer generating character and last but not least,
affect environment safety, with explosion and fire
risk, when petroleum products floating on the water
layer get in the basement of buildings.
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Regarding the thermal method, even though is
one of the most effective methods to rapidly treat
the oil-contaminated soil this method costs much
due to the high energy consumption comparing
with other conventional treatments. But, recent
research have shown that, new technologies can be
developed in order to maintain the system
efficiency and to reduce the costs. There are some
new systems based on microwave thermal
desorption that reached to a reduction of the
cleaning costs by 77 % based on the microwave
thermal desorption technology, which is resulted
from the high performance of microwave and
microwave absorber to effectively heat the soil
container in the system.
Researches using bioremediation has shown
great promise to date. Further researches in this
field can result in the development of most efficient
and less time consuming technologies. Also, further
research is critical to investigate its application
beyond the laboratory-scale and to develop the
kinetics of degradation. Bioremediation is usually
simple
and
less labor
intensive.
Also
bioremediation is considered the most economical
at the required efficiency when the soil to be treated
is more. Although public attitudes toward
bioremediation are generally favorable, the lack of
knowledge about microorganisms and their natural
role in the environment could affect the
acceptability of their use. Before bioremediation
techniques to be used widely, their efficacy and
safety will have to be convincingly demonstrated
and communicated to the public, including the
efficacy of water physico-chemical treatment [18,
19, 20].
Regarding the third treatment presented in this
paper, the electrochemical treatment, the results
were quite good for such a limited period of
treatment. Of course the results have to be
confirmed at a real scale application. The matrix
that has been chosen and that presented a lot of
problems during some previous tests is the sand.
The new technology consists in the combination of
electrochemical and chemical oxidation with
polarity changing (anode and cathode becomes vice
versa). The test entitled ISECOPC has shown very
good results in terms of TOC and TPH (48 % for
TOC and 70% for TPH). The final average
concentration for TPH was about 2.5 g/kgDW.
Taking into account the fact that the limits for the
intervention point, according to the Romanian
legislation, is of 2 g/kgDW it can be said that the
results are not so far from the limits. Anyway, as it
was noticed from the previous conclusions, the
treatment depends on the period for which is
applied. So, if the same treatment will be applied
for more than 28 days the final concentration for
TPH should decrease until reaches a value below 2
g/kgDW. One important aspect that must be
underlined is the fact that respect to the previous

tests, in ISECOPC the distribution of the final
concentration was uniformly distributed.
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ABSTRACT

southern of Tunisia has shown antioxidant and
antitumor activities [11].
Artemisia L. is the largest genera of the
Asteraceae which belong to tribe Anthemideae. The
genus Artemisia L. has over 500 species [12]. The
genus has 5 subgenera by considering floral
characters such as Artemisia Less., Absinthium
(Mill.) Less., Dracunculus (Bess.) Rydb.,
Seriphidium (Bess.) Rouy., and Tridentatae
(Rydberg)
[13,14].
Artemisia,
Absinthium,
Dracunculus and Seriphidium reported in Turkey
with 21 species, and a total of 26 taxa at the species
and subspecies level except from Tridentatae
[14,15]. These species reported in Turkey were
confirmed with light microscopic observations and
a scanning electron microscope (SEM) and
caryological studies. However, there was no any
molecular phylogenetic analysis based on
sequencing for Artemisia spp. reported in Turkey.
The objective of this study was to investigate
the molecular phylogenetic analysis based on
sequencing rDNA ITS gene of Artemisia species in
Black Sea of Turkey. Therefore, our study provided
to investigate potential new species of Artemisia
genus in the Black Sea area and obtain information
on their genetic diversity comparing with the other
reference Artemisia sequences from GenBank.

The aim of this study were to determine
phylogenetic relations among Artemisia species in
the Black Sea area of Turkey by sequencing nuclear
rDNA internal transcribed spacer (rDNA-ITS).
Phylogenetic trees has been created with neighbourjoining (NJ), maximum-parsimony (MP) and
maximum-likelihood (ML) algorithms in our
research. All these algorithms illustrated alike
topologies with little variations. Four haplotypes
were determined within all investigated plant
samples by phylogenetic analysis. Haplotype-I
(nine samples) and Haplotype-II (ten samples) were
represented in the identical lineage with A. argyi
and A. sylvatica, respectively in three phylogenetic
trees. Haplotype-III (one sample) and Haplotype-IV
(two samples) were formed in the same lineage
with A. unalaskensis and A. koidzumii, respectively.
In our study, molecular diversity of Artemisia
species in the Black Sea of Turkey were confirmed
with molecular data by using rDNA-ITS gene and
four haplotypes found in this study were from the
Artemisia subgenus since they were presented in
the same lineage with A. sylvatica, A. argyi, A.
unalaskensis and A. koidzumii.
KEYWORDS:
Artemisia, ribosomal DNA internal transcribed spacer
(ITS), Genetic diversity, Turkey

MATERIALS AND METHODS
The plant samples. Twenty two samples of
Artemisia species were received from varied
geographic sites in the East Black Sea area of
Turkey (Table 1). The all received plant samples
stored in the refrigerator until used for molecular
assays.

INTRODUCTION
Artemisia
species
which
use
as
pharmaceuticals and
ornamental plants have
economic and medical importance [1,2]. Artemisia
is used as medicine in struggle with diabetes, blood
pressure, gastrointestinal problems in the Middle
East and Turkey [3]. Artemisia species produce
essential oils. A. dracunculus oil is effective as
antifungal, antitumor and DNA damaging [4,5]. A.
annua and A. indica which produce artemisinin is
used as antimalarial in China and Thailand for a
long time [6-8]. Artemisia vulgaris is used as an
antibacterial,
anti-inflamatory,
antisiyotic,
diaphoretic and gynecological women problems
[9,10]. Artemisia campestris which collected in

DNA extraction and rDNA ITS gene PCR.
The modified protocol for genomic DNA was
performed from young Artemisia leaves as
described before by Haymes [16]. According to
protocol, after leaf tissue were rapidly ground using
a hand pestle with liquid nitrogen, The extraction
buffer, chloroform/isoamylalcohol (24/1),
and
ethanol/acetate (96/4) were added the mixure,
respectively. Then the DNA was washed with
ethanol (70%). Subsequently, 50 μL of nuclease3251
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TABLE 1
Geographic information and locality of sampling sites
Sample
Number

Sampling Site

Latitude (°N)

T1
T2
T3
T4
T5
T6
T7
R1
R2
R3
S1
S2
S3
S4
S5
G1
G2
G3
G4
G5
G6
G7

Trabzon-Besikduzu Borough
Trabzon-9DNIÕNHELU%RURXJK
Trabzon-Akcaabat Borough
Trabzon-Central
Trabzon-Yomra Borough
Trabzon-Arsin Borough
Trabzon-Arakli Borough
Rize-Derepazari Borough
Rize-Cayeli Borough
Rize-Pazar Borough
Samsun-Terme Borough
Samsun-Carsamba Borough
Samsun-Central
Samsun-Tekkekoy Borough
Samsun-Ondokuzmayis Borough
Giresun-Piraziz Borough
Giresun-Bulancak Borough
Giresun-Central
Giresun-Kesap Borough
Giresun-Espiye Borough
Giresun-Tirebolu Borough
Giresun-Eynesil Borough

39°12'23.34"
39°17'09.92"
39°35'35.93"
39°39'50.99"
39°50'08.23"
39°56'56.01"
40°01'04.07"
40°25'14.47"
40°44'03.82"
40°53'31.22"
37°01'55.62"
36°40'38.21"
36°14'23.32"
36°27'43.87"
36°04'06.64"
38°08'01.64"
38°13'56.53"
38°18'37.96"
38°30'17.79"
38°42'10.46"
38°51'02.80"
39°07'58.04"

haplotypes were calculated using MEGA version 6
[25].

free water was added to the pellet; DNA was kept
at -20 °C until next use.
PCR reaction in  ȝ/ ILQDO volume was
practised with1×PCR buffer, 10 mM dNTPs, 2.5
mM MgCl2, 10 mM of primers ITS1 and ITS4 [17],
5U Taq polymerase (Thermo Scientific, Maxima
Hot Start). The raction mixture was run in (PeqLab)
thermal cycler including first denaturation at 95°C
for 5 min, followed by 35 cycles of 95°C for 1 min,
48.7 °C for 2 min and 72 °C for 2 min, and final
extension at 72°C for 7 min. After the PCR
products were stained with ethidium bromide (1
mg/mL), they were viewed under gel imaging
system.

RESULTS AND DISCUSSION
Artemisia has a large number of taxa with
different and pretty similar morphological
characters. For this reason, taxonomists are still
facing the problem in its classification [26-28].
Many molecular studies have been reported to
illustrate phylogenetic analysis of among different
species of genus Artemisia such as PCR-RFLP
based analysis of a gene encoding chloroplast
ribosomal protein 11 [3], molecular phylogeny for
using the internal ITS of nuclear ribosomal DNA
analyzed [29] and the External Transcribed Spacer
(ETS) of 18S-26S rDNA for throughout Asteraceae
and some closely allied families [30]. Random
amplified polymorphic DNA (RAPD) markers were
performed to represent genetic diversity in A.
roxburghiana and A. absinthium L. species [31].
The genetic diversity of A. capillaris in Malaysia
[32-33] and Artemisia herba alba Asso. in Tunisia
using ISSR markers were reported by Mohsen and
Ali [34]. RAPD analysis for A. judaica in Jordan
[35]) and A. monosperma and A. judaica collected
from Egypt were performed to determine the
genetic polymorphism among populations of
Artemisia.

DNA Sequencing and Phylogeny. The PCR
products for rDNA ITS gene were sequenced by
Macrogen Inc. (Amsterdam, the Netherlands) with
two-directional sequencing of forward and revers
primers (ITS1/ITS4). Our sequence results were
edited by the software BioEdit [18] and aligned
with reference Artemisia genotypes from Gen Bank
using Clustal W [19]. Neighbor-Joining (NJ; [20]),
Maximum-Parsimony
(MP;
[21,22])
and
Maximum-Likelihood (ML) algorithms were
conducted to demonstrate phylogenetic relations of
our data set. Bootstrap tests [23,24] for MP and ML
were performed with 1.000 replications and 10.000
replications for NJ analyses to show confidence of
of the trees. The evolutionary distances among
3252
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D

G2, G3, G4, G5, G7,S3, S4, T1, T5);
Haplotype-III (T7) and Haplotype-IV (R1,T2) were
represented in our samples. After we determined
that these haplotypes connected with subgenus
Artemisia by BLAST results, we designed our data
set with species close to the subgenus Artemisia.
Phylogenetic trees construct with NJ, MP and ML
algorithms. Haplotype-I and Haplotype-II were
replaced in the identical lineage with A. argyi, A.
sylvatica, respectively in all of the three tree.
Haplotype-I was sister to A. argyi with 99.6%
identity and the pairwise genetic difference 0.003.
NJ, MP and ML trees with 92%, 83% and 90%
bootstrap
value
supported
this
identity,
respectively. Haplotpe-II was as sister to the same
lineage with A. sylvatica at at the rate of 99.6%
nucleotide sequence similarity and the pairwise
genetic difference 0.003. The bootstrap value of in
NJ, MP and ML trees was at the rate of 94%, 99%
and 98%, respectively. The percent sequence
similarity and genetic difference between
Haplotype-II and Haplotype-I were 99.% and 0.01,
respectively. This resemblance was confirmed with
94%, 87% and 88% bootstrap value of NJ, MP and
ML trees. Haplotype-III (T7) was formed in the
same lineage with A. unalaskensis at the rate of
98%, 98% and 98% nucleotide sequence similarity
and the pairwise genetic difference of it was 0.025.
Haplotype-IV (R1,T2) were appeared in the same
lineage with A. koidzumii at the rate of 92%, 69%
and 54% nucleotide sequence similarity and the
pairwise genetic difference of it was 0.001. The all
nucleotide sequence similarity and the pairwise
genetic difference of the samples were given in
Table 2.

There have reported some caryological study
regarding Artemisia genus in Turkey so far. The
chromosome numbers and caryological characters
of subgenus Seriphidium (Bess.) Rouy. (Artemisia,
Asteraceae) from different Anatolian localities in
Turkey were reported by Tabur et al. [36].
Artemisia bashkalensis .XUúDW  &LYHOHN VS QRY
from Hakkari Province in East Anatolia of Turkey
has been described by KXUúDW et al. [14]. Artemisia
sieberi Bess. subsp. Sieberi was a new record for
the flora of Turkey as described by KXUúDW et al.
[15] and Artemisia santonicum L. subsp. patens
(Neilr.) K.M.Perss. (Asteraceae) was reported by
KXUúDW et al. [28]. However, there was no any
molecular phylogenetic analysis based on
sequencing for Artemisia spp. reported in Turkey.
Here, we reported phylogenetic analysis based on
sequencing rDNA ITS gene of Artemisia species in
Black Sea of Turkey in this study.
ITSs of 18S-26S r DNA were used commonly
for phylogenetic reconstruction since they turns into
more quickly evolution and pretty easy way to
amplify using universal primers [30]. Since rDNAITS regions reform speed and roughly neutral ratio,
they are suitable for molecular phylogeny at inter or
intra specific levels [37].
In our study, 18S-26S rDNA-ITS gene with
roughly 700 bp were amplifiyed (Figure 1) for
Artemisia samples collected from Black Sea in
Turkey.
After the PCR products of rDNA ITS gene
were sequenced, we used NJ, MP, ML algorithms
to show phylogenetic relations between our
sequences and reference sequences for Artemisia
from GenBank. We found four haplotypes within
investigated samples in Turkey. Haplotype-I (G6,
S1, S2, S5, R2, R3, T3,T4, T6); Haplotype-II (G1,

FIGURE 1
The image of rDNA-ITS gene in Artemisia spp. collected from investigated area in agarose gel. lane M:
100bp ladder (New England Biolabs), lane P: Positive control (Artemisia DNA), lane N: Negative control
(nuclease free water), lane 4: T1-DNA, lane 5: T2-DNA, lane 6: T3-DNA, lane 7: T4-DNA, lane 8: R1DNA, lane 9: R2-DNA, lane 10: R3-DNA, lane 11: S1-DNA, lane 12: S2-DNA, lane 13: S3-DNA, lane 14:
S4-DNA, lane 15: G1-DNA, lane 16: G2-DNA, lane 17: G3-DNA, lane 18: G4-DNA.
3253
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TABLE 2
Pairwise genetic distance (marked with grey) and DNA sequence percentage similarities between rDNAITS haplotypes determined in our research (Haplotype I to IV) and Artemisia species references sequence
from GenBank.
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FIGURE 2
The phylogenetic relationships between our sequence results and reference sequences for Artemisia from
GenBank by NJ tree. Bootstrap values (over 50%) from NJ, MP and ML analysis are presented in this
tree.
The infrageneric classification in such a large
genus, is still problematic. The comprehensive
molecular studies will contribute to resolve the
confusions at the infrageneric level of Artemisia
genus and they will help to redefine the systematics
of Artemisia genus. Although rDNA-ITS is not
suitable for intraspecific molecular differences of
some Artemisa species, it is used to identity of
potential new species since one or two substitutions
may demonstrate a only one of Artemisia species
due to its much preserved features. Since rDNAITS was largely preserved in Artemisia subgenus, It
was amplified to represent phylogenetic proximity
of the investigated plant samples. Four haplotypes
found in this study were from the Artemisia
subgenus and they were taken in the same lineage
with A. sylvatica, A. argyi, A. unalaskensis and A.
koidzumii as shown in Figure 2.
As a result, we represented phylogenetic
analysis based on rDNA ITS gene to infer the
phylogenetic relationship within the genus of
Artemisia in Black Sea of Turkey in the present
study. We confirmed four haplotypes sequenced
using rDNA-ITS were from the Artemisia subgenus
and they were in the same lineage with A. sylvatica,
A. argyi, A. unalaskensis and A. koidzumii.
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1

Energy is obtained from organic or municipal
waste through the process of fermentation. This is a
universally popular utilization method. As a result
of the process, there are produced biogas and
digestate material which can be used as an
agricultural fertilizer. Substrates for methane
fermentation include biological waste from
agriculture, food industry or urban greenery
maintenance, and also sludge from sewage
treatment [1, 6]. Methane fermentation is a natural
process ± it is conducted in anaerobic conditions
with the participation of microorganisms:
acidogenic, acetogenic and methanogenic bacteria.
In the process of methanogenesis most frequently
there is decomposed approximately 30-60% of
organic matter introduced into the chamber together
with the substrates [18].
Fermentation processes can occur in
agricultural biogas plants whose functioning is
connected with the production of large amounts of
post-digestion matter. Its amount is approximately
equal to the mass of substrates used in the
fermentation process in a biogas plant. When in a
biogas plant a part of technological liquid is
reversed as process water to fermentation
chambers, then the mass of generated digestate can
be smaller [21].
Post-digestion liquid from a biogas plant can
be used either in a liquid or solid form. In the case
of larger installations and, consequently, greater
amounts of post-digestion matter there arises the
need for storage. As a rule, separation is used to
obtain solid fraction, which is used as a fertilizer,
and liquid fraction ± leachate, which is returned to
the biogas plant [4, 18]. The generation of large
amounts of leachate is one of the key problems in
digestate management. Desiccation (separation) is
conducted to reduce the negative features of this
product [15].
The matter which remains after fermentation,
and contains organic matter and mineral
compounds, valuable for plant nutrition, is termed
digestate (also referred to as post-digestion matter
or pulp) [18]. It contains considerable amounts of
mineral
elements
(nitrogen,
phosphorus,
potassium). In terms of rapidity of action

ABSTRACT
Functioning of an agricultural biogas plant is
connected with generation of large amounts of postdigestion
matter.
After
considering
the
physicochemical properties, the basic direction of
digestate utilization should be its use as a fertilizer.
A possibility of agricultural utilization of digestate
as a fertilizer was investigated. Digestate obtained
from an agricultural biogas plant was tested for the
content of macroelements and heavy metals. The
content of macroelements was also examined in the
soil before and after digestate application. Digestate
was used for alfalfa and spring wheat cultivation.
The analysis showed an increase in the content of
macroelements in alfalfa leaves. The content of
macroelements as well as the content of protein in
the grains of spring wheat fertilized with digestate
were on the same levels as in the grains of spring
wheat fertilized with mineral fertilizers. It has been
found that digestate can be used as a fertilizer.
KEYWORDS:
digestate, fertilizers, alfalfa, spring wheat, heavy metals

INTRODUCTION
The current stage of civilization development
is beset with new problems associated with the
availability and utilization of renewable energy
sources. At present, energy requirements are mainly
fulfilled by fossil fuels. However, their resources
are limited and according to numerous scientific
forecasts they may soon be exhausted. Moreover,
energy obtained from fossil fuels has a detrimental
effect on the condition of natural environment,
contributing to its degradation [1, 5].
In view of these fears and dangers there
emerges a growing interest in new energy carriers
which could constitute energy sources alternative to
fossil fuels, and would improve the condition of the
natural environment. Biodegradable organic waste
and municipal waste can become the desired energy
sources [1, 7].
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at reintroduction of nutrients into the soil will
bring substantial environmental benefits [8].
Food industry produces considerable amounts
of organic waste which, after appropriate
processing, can be used in agriculture for soil
fertilization in order to reduce the application of
mineral fertilizers [20].
Many countries are striving after the
production of energy from renewable sources.
These sources also include energy production from
anaerobic decomposition of agricultural substrates
[5, 13]. In some countries, i.e. Sweden, a decision
has been taken that until 2018 40% of all food
waste should be recovered in the form of energy
[3].
The problem which every biogas plant in
Poland needs to resolve is digestate management. It
should be planned at an early stage of preparation
for biogas plant construction. According to the law,
digestate from agricultural biogas plants is treated
as potentially hazardous waste such as sewage
sludge, which seriously complicates the possibility
of its management [17]. Govasmark et al. [13] as
well as Heviánková et al. [14] emphasize the
possibility of occurrence of pathogenic bacteria and
heavy metals in digestate. This is why it is
important that digestate is safe for use as a
fertilizer.
The biogas plant (a biogas combined heat and
power plant) is located in Piaski Commune,
Lubelskie Province. The electric power is 0,99
MW, and the thermal power ± 1,1 MW. The annual
electricity production ± approximately 8 400 MWh.
The generated biogas is desulfurized, dewatered,
cooled and pumped by means of an underground
gas pipeline into a cogeneration engine which
generates electricity and heat in a combined
process. The following are used as an input into the
digestion process: green waste matter, maize silage,
beet pulp, stillage, whey.
The basic direction of digestate management,
after considering its physicochemical properties, is
its utilization as a bio-fertilizer [18]. Eickenscheidt
et al. [11] and Vázquez-Rowe et al. [25] also
highlight the use of digestate as a fertilizer in place
of mineral fertilizers. A biogas plant located in
agricultural areas should collect organic products
from local farms. Farmers, on the other hand, in
their efforts to ensure soil quality on their farms,
should use digestate from local biogas plants as a
fertilizer [5, 12, 18, 24].
Prior to its application, digestate was
examined for the content of macroelements and
heavy metals (Table 1). The pH reactions of the
digestate used for alfalfa and spring wheat
cultivation were 8,73 and 8,70, respectively, and
they are similar to the pH reaction of bovine liquid
manure (7,90).

(absorption of elements by plants) it resembles
mineral fertilizers since N, P and K elements are
easily available for plants. Digestate also contains a
part of organic matter which has a positive effect on
physicochemical properties of fertilized soil [7, 16,
18, 22, 23].
The aim of this investigation is to examine the
justifiability of digestate utilization as a fertilizer,
and also compare the content of macroelements
after fertilization with digestate and mineral
fertilizers in alfalfa and spring wheat cultivation.

MATERIAL AND METHOD
Digestate obtained from the biogas plant in
Piaski (Lubelskie Province) was applied on
experimental fields for alfalfa and spring wheat
cultivation. There were sown fodder alfalfa of
Kometa variety and spring wheat of Nawra variety.
For the sake of comparison, alfalfa and spring
wheat were also sown and fertilized with mineral
fertilizers. The experimental fields are located in
Uchanie Commune, Lubelskie Province. The area
of each experimental field was 50 m2. The soil on
the fields is 2nd valuation class. The fields were
sown in April, 2015. Due to extremely hot summer
and drought alfalfa was only harvested twice.
Alfalfa and spring wheat were examined to
determine the content of macroelements. Digestate
was used in the amount of 180 l per 50 m2 (36000
l/ha). On the field fertilized with mineral fertilizers,
for alfalfa sowing, there were used: nitrogen ± 20
kg/ha, phosphorus ± 60 kg/ha, potassium ± 80
kg/ha. Then, on the field fertilized with mineral
fertilizers, for spring wheat sowing, there were
used: nitrogen ± 140 kg/ha (first dose: pre-sowing
and for spring pre-sowing cultivation, second dose
in the period of shooting, third dose during earing),
phosphorus ± 60 kg/ha, potassium ± 80 kg/ha.
Digestate was also tested for the content of
macroelements and heavy metals. Soil samples
were examined for the content of macroelements as
well. The tests were conducted before and after
digestate application.
Laboratory tests were performed at the District
Chemical-Agricultural Station in Lublin.

RESULTS AND DISCUSSION
Implementation of modern technological
solutions in industry can also have a beneficial
effect on environmental protection due to the
reduction of waste, including hazardous substances
[2]. Sustainable methods of waste processing aimed
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TABLE 1
Comparison of selected macroelements and heavy metals in digestate for alfalfa and spring wheat
cultivation
Examined feature
Phosphorus [g/l]
Potassium [g/l]
Calcium [g/l]
Magnesium [g/l]
Cadmium [mg/l]
Lead [mg/l]
Nickel [mg/l]
Chromium [mg/l]
Copper [mg/l]
Zink [mg/l]
Manganese [mg/l]
Iron [mg/l]

Digestate for alfalfa
0,09
5,25
0,25
0,04
<0,43
<0,43
<0,43
<0,43
0,43
2,01
2,20
70,70

Digestate for spring wheat
0,13
4,20
0,34
0,08
<0,43
<0,43
<0,43
<0,43
0,49
1,90
1,80
78,70

recommended that digestate should undergo
recovery operations. The most frequent way of
post-digestion pulp management is recovery by
means of R 10 method ± µWUHDWPHQW RQ WKH VRLO
surface bringing benefits for agriculture or
improving the condition of the natural eQYLURQPHQW¶
[10]. Therefore, post-digestion matter can be used
as an agent improving soil quality [17].
It is important to understand that natural and
organic fertilizers are not the same according to the
law. In common language these two terms have the
same meaning, which leads to numerous
misunderstandings. Natural fertilizer is defined as a
fertilizer derived from farm animals (manure, liquid
manure), whereas organic fertilizer is produced
from an organic substance or a mixture of organic
substances. A natural fertilizer must be mixed with
soil, but an organic one need not. Similarly, there is
a prohibition of using natural fertilizers on the soil
without vegetation cover when a field slope
exceeds 10% [17].

The analysis of the results showed that both
samples of digestate contained no heavy metals.
Moreover, digestate contained substantial amounts
of macroelements, therefore, it was found that
digestate can be used as a fertilizer.
Digestate used as a fertilizer improves soil
fertility, plants quality and their immunity to biotic
and abiotic agents [16@,QWKHLUVWXGLHV.RXĜLPVNi
et al. [16] conclude that the use of digestate
improves the quality and yield of vegetables. Chiew
et al. [3] say that the use of digestate as a fertilizer
increases the content of macro- and microelements
in the soil and plants. No negative effects that
digestate might have had on the soil were found by
Odlare et al. [22] or Comparetti et al. [7]. In his
studies Montemurro [20] reports that digestate does
not contain any heavy metals, and consequently can
be used as a mineral fertilizer, which is an
important step towards better environmental
protection.
As a waste product, digestate can be subjected
to disposal operations, however, generally it is

TABLE 2
Tests for pH reaction and macroelements content in the soil for alfalfa cultivation
Before digestate
After digestate
Difference in %
Examined feature
application
application
Reaction [pH]
7,56
7,63
0,93
Phosphorus [mg per 100 g of soil]
31,40
37,30
18,79
Potassium [mg per 100 g of soil]
7,20
16,40
127,78
Magnesium [mg per 100g of soil]
13,40
13,80
2,99
TABLE 3
Tests for pH reaction and macroelements content in the soil for spring wheat cultivation
Before digestate
After digestate
After wheat harvest
Examined feature
application
application
Reaction [pH]
7,48
7,49
7,28
Phosphorus [mg per 100 g of soil] 51,80
60,40
57,50
Potassium [mg per 100 g of soil]
16,00
18,80
17,00
Magnesium [mg per 100g of soil] 13,80
18,30
16,90
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,Q YLHZ RI PDQ\ DXWKRUV¶ LQGLFDWLRQV WKDW
digestate does fertilize soil and can be used instead
of mineral fertilizers, the samples of the soil for
alfalfa and spring wheat cultivation were examined
as well. Those examinations were also aimed at
detecting changes in the content of macroelements.
They were performed before and after digestate
application. The results are presented in Tables 2
and 3.
The analysis of the tests results revealed an
increase in pH reaction of the soil for alfalfa
cultivation from 7,56 to 7,63. The tests of the soil
for spring wheat cultivation showed a very slight
increase in pH reaction, from 7,48 to 7,49, then it
dropped to 7,28 after the wheat harvest. The small
increase in the soil pH reaction is of no special
importance since it is still a basic reaction, which is
favourable to good development of plants. After
spring wheat harvest the value of pH reaction was
observed to fall to 7,28. It is on the boundary
between neutral and basic reactions. There was also
observed increase in the content of the selected
macroelements. In alfalfa cultivation the content of
phosphorus rose by 5,90 mg per 100 g of soil,
potassium by 9,20 mg per 100 g of soil and
magnesium by 0,4 mg per 100 g of soil. In spring
wheat cultivation the content of phosphorus rose by
8,60 mg per 100 g of soil, potassium by 2,80 mg
per 100 g of soil and magnesium by 4,50 mg per
100 g of soil. After spring wheat harvest there was
observed decrease in the content of macroelements:
phosphorus by 2,90 mg per 100 g of soil, potassium
by 1,70 mg per 100 g of soil and magnesium by
1,40 mg per 100 g of soil. This is connected with
absorption of macroelements by plants.
The increase in the content of macroelements
in the soil has positive implications. Potassium is a

macroelement which has a fundamental
significance for plant nutrition. It plays a key role in
plant water balance, activates enzymes, takes part
in the process of photosynthesis and transportation
of assimilates, and also activates sensitivity to water
stress associated with drought. The basic role of
magnesium in plants is connected with its presence
in chlorophyll particles, thus influencing
photosynthesis processes. This element plays a
significant role in determining the quality of plant
products in terms of their nutritional value for
animals and people. Phosphorus deficiency inhibits
plant growth, reduces yield and its quality. If soil is
rich in macroelements, plants absorb them more
easily, and produce a higher yield.
In order to detect changes in the content of
macroelements in alfalfa cultivated on the soil
fertilized with mineral fertilizers and digestate, the
alfalfa leaves from the first and second harvests
were tested for the content of macroelements. The
results are presented in Tables 4 and 5.
The analysis of the study results showed a
percentage increase of particular macroelements in
alfalfa leaves from the first harvest. The highest
increase was observed in the content of nitrogen
and potassium, which rose by 0,55 p. p. (percentage
point) and 0,29 p. p., respectively. The relative
percent
differences
for
the
examined
macroelements were as follows: nitrogen ± 17,68%,
phosphorus ± 7,14%, potassium ± 17,37%, calcium
± 5,95%, magnesium ± 2,70%. The analysis of the
test results for the content of particular
macroelements in alfalfa leaves from the second
harvest revealed the highest increase in the content
of calcium, by 1,13 p. p., and nitrogen ± by 0,96 p.
p . As regards the relative percent difference, the
following values were recorded for the examined

TABLE 4
The content of selected macroelements in alfalfa leaves from the first harvest.
Examined feature
Alfalfa sown on the soil
Alfalfa sown on the soil
Difference
fertilized with mineral
fertilized with digestate
fertilizers
Nitrogen [%]
3,11
3,66
0,55
Phosphorus[%]
0,28
0,30
0,02
Potassium [%]
1,67
1,96
0,29
Calcium [%]
1,85
1,96
0,11
Magnesium[%]
0,37
0,38
0,01
TABLE 5
The content of selected macroelements in alfalfa leaves from the second harvest.
Examined feature
Alfalfa sown on the soil
Alfalfa sown on the soil
Difference
fertilized with mineral
fertilized with digestate
fertilizers
Nitrogen [%]
2,65
3,61
0,96
Phosphorus[%]
0,19
0,26
0,07
Potassium [%]
1,67
1,72
0,05
Calcium [%]
1,98
3,11
1,13
Magnesium[%]
0,26
0,33
0,07
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TABLE 6
The content of selected macrolements in spring wheat grains.
Examined feature

Nitrogen [%]
Phosphorus[%]
Potassium [%]
Calcium [%]
Magnesium[%]

Spring wheat sown on the
soil fertilized with mineral
fertilizers
1,60
0,33
0,55
0,27
0,10

Spring wheat sown on the
soil fertilized with
digestate
1,62
0,34
0,62
0,42
0,11

macroelements: nitrogen - 36,23%, phosphorus ±
36,84%, potassium ± 2,99%, calcium ± 57,07%,
magnesium ± 26,92%. The increase in the content
of macroelements in alfalfa leaves has positive
significance, because it is possible to obtain fodder
rich in macro- and microelements. Alfalfa is a
fodder which is eaten willingly by animals, for this
reason it is most often used to feed dairy cattle. In
addition, it also makes a good component of fodder
for pigs, poultry, sheep and horses. It is a plant
which is extremely rich in protein. Its leaves
contain mineral salts, especially calcium,
phosphorus, potassium, magnesium and a whole
range of microelements. In consequence, it is
recommended to replace mineral fertilizers with
digestate by reason of a higher content of
macroelements in alfalfa cultivated on the soil
fertilized with digestate, because of which such
fodder is more willingly eaten.
Wheat grains were collected from the fields
fertilized with mineral fertilizers and digestate. The
grain moisture was 8%. The elementary feature of a
wheat grain which determines its value in use is
protein content. The protein content in the wheat
grains collected from the field fertilized with
mineral fertilizers was 12,07%, and from the field
fertilized with digestate 12,06% (0,01% less). The
relative percent difference for the protein content in
the wheat grains is 0,08%. The results are within
3RODQG¶V DYHUDJH ZKLFK LV  - 13%. The
changes in the content of macroelements in spring
wheat grains are presented in Table 6.
The analysis of the study results revealed a
slight percentage increase in the content of
particular macroelements in spring wheat grains.
The highest rise was observed in the content of
calcium 0,15 p. p., and potassium 0,07 p. p. The
relative percent differences for the examined
macroelements were as follows: nitrogen ± 1,25%,
phosphorus ± 3,03%, potassium ± 12,73%, calcium
± 55,56%, magnesium ± 10%.
There are numerous techniques of applying
digestate on soil surface. Their choice depends on
the methods of digestate processing, type of
fertilized crops, time of fertilization. Liquid manure
spreaders or sprinkling machines are used to apply
digestate on a field surface. Sprinkling machines
can be used for post-digestion sludge with low

0,02
0,01
0,07
0,15
0,01

content of dry matter (below 5%). It is
recommended to consider more possibilities of
using digestate apart from its direct application on
fields, for example as a bio-fertilizer, fertilizer
nutrient or energetic material, [12]. Solid fraction of
post-digestion sludge can be further processed after
separation. Second drying and pelletization of solid
fraction are a common practice [19, 18].

CONCLUSIONS
Anaerobic decomposition is a technology
which enables the conversion of food industry or
municipal waste into renewable energy sources.
The process of anaerobic decomposition consists of
a number of metabolic reactions performed by a
wide range of microorganisms in anaerobic
conditions. As a result, biogas and post-digestion
matter are formed [9].
The major factors determining the way of
digestate utilization include its quality, local
conditions and legal regulations. In Poland the
factor which determines the utilization of biogas
SODQW¶V E\-products is legal norms, which do not
facilitate digestate management [10].
After considering its physicochemical
properties, the basic direction of digestate
utilization should be its use as a fertilizer. The
easiest way of digestate utilization as a fertilizer is
direct application of digestate taken from biogas
plant storage tanks onto agricultural land. Liquid
digestate is characterized by a high fertilizing value.
Its physical form and a large share of nutrients in
mineral forms, which are directly available for
plants, make liquid digestate a product which has
rapid fertilizing effects [18].
Fertilizing fields with digestate brings
numerous benefits, e.g. reduction of demand for
plant protection products (destruction of weed seeds
during fermentation), reduction of odor nuisance, or
destruction of possible pathogens [6, 18]. Digestate
utilization as a fertilizer brings tangible benefits in
agricultural production, but it is also a product the
application of which can reduce the negative effects
of mineral fertilization [18].
The investigation revealed that post-digestion
liquid contains large amounts of macroelements. Its
3262
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American Journal of Applied Sciences
11 (9), 1631 ± 1644.
[9] Comparetti A., Febo P., Greco C., Orlando S.
(2015). Italian potential biogas and biomethane
production from OFMSW. Ragusa SHWA
2015, IV International Conference on Safety,
Health and Welfare in Agriculture Agro-food
and Forestry Systems ± September 2-5, 2015
HyblaCampus, Ragusta, Sicily ± Italy, 1 ± 9.
[10] &]HNDáD : 3LODUVNL . 'DFK - -DQF]DN '
6]\PDĔVND 0   $QDOL]D PRĪOLZRĞFL
zagospodarowania pofermentu z biogazowni.
7HFKQLND 5ROQLF]D 2JURGQLF]D /HĞQD   ±
15.
[11] Eickenscheidt T., Freibauer A., Heinichen J.,
Augustin J., Drösler M. (2014). Short-term
effects of biogas digestate and cattle slurry
application on greenhouse gas emissions
affected by N availability from garsslands on
drained fen peatlands and assiociated organic
soil. Biogeosciences, 11, 6187 ± 6207.
[12] Garfi M., Gelman P., Comas J., Carrasco W.,
Ferrer I. (2011). Agricultural reuse of the
digestate from low-cost tubular digesters in
rural
Andean
communities.
Waste
Management, 31, 2584 ± 2589.
[13] Govasmark E., Stäb J., Holen B., Hoornstra D.,
Nesbakk
T.
(2011).
Chemical
and
microbiological hazards associated with
recycling of anaerobic digested residue
intended for agricultural use. Waste
Management, 31, 2577 ± 2583.
[14] Heviánková S., Kyncl M., Langarová S.
(2013). Investigating the current management
of digestate in the Czech Republic. Journal of
the Polish Mineral Engineering Society, July ±
December, 119 ± 124.
[15] Kaparaju P. L. N., Rintala J. A. (2008). Effects
of solid-liquid separation on recovering
residual methane and nitrogen from digested
dairy cow manure. Bioresource Technology,
99, 120 ± 127.
[16] .RXĜLPVNi / 3RXVWNRYi , %DELþND /
(2012). The use of digestate as a replacement
of mineral fertilizers for vegetables growing.
Scientia Agriculturae Bohemica, 43 (4), 121 ±
126.
[17] Kowalczyk--XĞNR $   Wykorzystanie
masy pofermentacyjnej ± krok po kroku.
Czysta Energia, 3 (115), 38 ± 40.
[18] Kowalczyk--XĞNR $ 6]\PDĔVND 0  
Poferment nawozem dla rolnictwa. FnRRPR,
Warszawa
[19] Kratzeisen M., Starcevic N., Martinov M.,
Maurer C., Müller J. (2010). Applicability of
biogas digestate as solid fuel. Fuel, 89, 2544 ±
2548.
[20] Montemurro F., Vitti C., Diacono M., Canali
S., Tittarelli F., Ferri D. (2010). A three-year
field anaerobic digestates application: effects

composition is similar to bovine liquid manure.
However, no heavy metals were found in digestate.
The examination of soil samples before and after
digestate application showed increase in the content
of macroelements in the soil, which implies a good
fertilizing value of digestate. An increase in the
content of macroelements was observed in the
leaves of the alfalfa fertilized with digestate in
comparison with the alfalfa fertilized with mineral
fertilizers, both from the first and second harvest.
The examination of spring wheat grains from the
soil fertilized with digestate also revealed high
protein content. Consequently, post-fermentation
residues from biogas plants can be used as a
fertilizer. The only condition is the rational
utilization of such residues. Further studies are
necessary to confirm that digestate has an effect on
SODQWV¶\LHOGLQJ
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MULTITROPHIC AQUATIC TOXICITY OF EMERGING
BROMINATED AND PHOSPHORUS FLAME RETARDANTS
Melanie Douville*, Keven Jean, Magali Houde
Environment and Climate Change Canada, Aquatic Contaminants Research Division, 105 McGill Street, Montreal, QC, Canada, H2Y 2E7

production of brominated, phosphate esters, and
chlorinated hydrocarbons used as alternative
chemicals. Many of these substances have been
detected in surface water, sediment, and aquatic
biota (i.e., fish, birds, and invertebrates) [1, 2].
However, toxicity data for aquatic organisms are
still needed for these emerging FRs. Such toxicity
information is essential for governmental regulatory
departments to assess the environmental risks
associated with the production and use of
commercial products. In this context, toxicity tests
using aquatic organisms of different taxonomic
groups (i.e., bacteria, algae and microinvertebrates) are used to assess the acute toxicity
of emerging products. The usefulness of toxicity
test batteries in risk assessment has previously been
demonstrated in several studies [3, 4, 5, 6, 7].
In the present study, focus centered on five
FRs
(2,2-bis(bromomethyl)-1,3-propanediol
(BBMP), tris (2-butoxyethyl) phosphate (TBOEP),
bis (2-ethylhexyl) phosphate (BEHP), tris (2ethylhexyl)
phosphate
(TEHP)
and
hexachlorocyclopentadiene (HCCPD)) found on the
Environment Canada Domestic substances list
(DSL) and on the OECD lists of high production
volume chemicals [8, 9] (Table 1). The DSL
inventories about 23,000 substances manufactured
in, imported into, or used in Canada on a
commercial scale.
Regulatory agencies [10, 11] have developed
criteria
to
support
evaluation
of
the
bioaccumulation potential of chemicals. A
substance may be considered bioaccumulative
when it has a ORJ.RZor a log bioconcentration
IDFWRU %&)   .7, however other indicators of
bioaccumulation may be used as well. Based on this
information, FRs targeted in this study could be
expected to bioaccumulate in the environment as all
FRs exceed the BCF criteria, while HCCPD, TEHP
and BEHP have log Kow values higher than the
criteria (Table 1).
Environmental information for the five
selected FRs is very scarce in the literature. Most
reported data are linked to aquatic systems. For
instance, TBOEP was identified in 46% of 85
samples taken from streams across the United
States [12] and detected in wastewater effluents
collected from 18 different European countries at a

ABSTRACT
The production and use of brominated and
phosphorus flame retardants (FRs) have increased
in response to the ban of polybrominated diphenyl
ethers (PBDE). Information on the toxicity of these
emerging chemicals is very scarce particularly in
aquatic organisms. The purpose of this study was to
evaluate the acute toxicity (i.e., LC50, IC25/50 or
EC50) of five flame retardants (2,2-bis
(bromomethyl)-1,3-propanediol (BBMP), tris(2butoxyethyl) phosphate (TBOEP), bis(2-ethylhexyl)
phosphate (BEHP), tris(2-ethylhexyl) phosphate
(TEHP) and hexachlorocyclopentadiene (HCCPD))
using aquatic organisms of different taxonomic
groups:
bacteria
(Vibrio
fisheri),
algae
(Pseudokirshneriella
subcapitata),
and
invertebrates (Hydra attenuata, Thamnocephalus
platyurus and Daphnia magna). HCCPD was the
most toxic FR in this study (concentrations ranging
between 0.14-1.7 mg/L). Acute toxicity values
could not be measured for TEHP due to its very low
solubility in culture media. Algae were the most
sensitive organisms to flame retardants (72h-IC25:
0.27-38.6 mg/L, 72h-IC50: 0.34-87.9 mg/L).
Toxicity observed in all species followed the
decreasing order HCCPD>BEHP>TBOEP>BBMP,
except for T. platyurus (HCCPD>TBOEP>BEHP>
BBMP). Additional sub-chronic research on
toxicity responses is needed to evaluate effects of
these alternative FRs at the gene, cellular, and
individual levels in order to better evaluate their
environmental risks.

KEYWORDS:
flame retardants, multitrophic toxicity testing, aquatic
toxicology, contaminants of emerging concern

INTRODUCTION
Flame retardants (FRs) are produced and used
all over the world in a wide range of applications
such as plasticizers, textiles, electronic equipment
and furniture [1]. The ban and/or voluntary phase
out of polybrominated diphenyl ethers (PBDEs) in
Europe and North America has led to an increase in
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TABLE 1
Information on flame retardants investigated in this study.
CAS
number

Name

Acronym

Chemical structure

BCF*

Log
Kow

Usage

3296-90-0

2,2-bis
(bromomethyl)1,3-propanediol

BBMP

0.8-11.045

0.8549

- unsaturated
polyester resins
- production of
rigid polyurethane
foam
- intermediate in
the production of
pentaerythritol
ethers

77-47-4

hexachlorocyclopentadiene

HCCPD

11-123046-47

5.0450

- key intermediate
in the production
of chlorinated
cyclodiene

78-51-3

tris (2butoxyethyl)
phosphate

TBOEP

<5.848

3.7548

- plasticizer for
floor polish and
packaging plastics

9.551

- hydrogen
peroxide
production
cosolvent
- low-temperature
plasticizer for
PVC resins

6.0752

- metal extraction
agent
- textile lubricant
- antistatic agent
- extreme pressure
additive

78-42-2

298-07-7

tris (2-ethylhexyl)
phosphate

bis (2-ethylhexyl)
phosphate

2.4-22.048

TEHP

1.0-6.048

BEHP

*BCF : Bioconcentration factor

maximum concentration of 43 μg/L [13]. TBOEP
was also found in freshwater fish and invertebrates
from Lake Ontario (Canada) [14] and in herring
gulls eggs (0.16-2.2 ng/g wet weight) from the
Great Lakes (Canada) [15]. HCCPD was detected
in tap water from Nanjing City, China (0.015 ±
0.003 μg/L) [16] and water from the Yangtze River,
China (0.008 ± 0.010 μg/L) [17], as well as water
(0.004 and 0.14 ng/L) and suspended sediment
(0.29 and 1.77 ng/g) collected in the Niagara River,
Canada (Klawunn, P., Environment and Climate
Change Canada, unpublished data).
In light of this information, and considering
the need of risk assessors for additional knowledge,
we sought to evaluate the acute toxicity of FRs of
interest (i.e., BEHP, BBMP, HCCPD, TBEOP, and
TEHP) using five aquatic organism species from
different trophic levels: bacteria (Vibrio fisheri),
algae (Pseudokirshneriella subcapitata), and
invertebrates (Hydra attenuata, Thamnocephalus
platyurus and Daphnia magna).

MATERIAL AND METHODS
Chemicals. With the exception of HCCPD
(CAS 77-47-4, BOC Sciences, New York, USA),
all tested products (CAS 3296-90-0, 298-07-7, 7842-2, 78-51-3) were purchased from Sigma-Aldrich
Canada (Ontario, Canada). Stock solutions for
BEHP and TEHP were prepared in acetone while
methanol was used for HCCPD. No carriers were
used for TBOEP and BBMP. Solvent concentration
in test solutions never exceeded 0.5% v/v. Working
solutions were prepared in culture media. Table 2
indicates the range of test concentrations used to
assess toxicity of the chemicals. Toxicity tests. All
toxicity tests were performed by the Quebec
Laboratory for Environmental Testing of
Environment and Climate Change Canada
following standardized methods. Reference toxicant
test with zinc sulfate was performed for each
toxicity test as positive control, and a carrier control
group was also included. All tests (reference and
toxicity tests) met the validity criteria of the
respective method guidelines. Data analyses were
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TABLE 2
Range of concentrations (mg/L) used to appraise toxicity of FRs.
Vibrio
fisheri

Pseudokirshneriella
subcapitata

Hydra
attenuata

Thamnocephalus
platyurus

Daphnia
magna

15 min-IC25/IC50

72h-IC25/IC50

96h-LC50/EC50

24h-LC50

48h-LC50

BBMP

3.91-500

1.78-909

15.6-1,000

62.5-1,000

93.8-1,500

BEHP

0.70-90

0.32-164

2.81-90

11.3-180

11.3-180

TEHP

0.78-100

0.36-182

3.13-100

12.5-200

12.5-200

HCCPD

0.016-0.5

0.007-0.909

0.3-9.6

0.063-1

0.010-0.32

TBOEP

15.6-500

0.18-91

7.8-500

31-500

10-320

Chemicals

conducted with softwares recommended for each
test.

media as all LC50 or IC25/50 were more elevated than
the highest concentrations tested. In other studies,
TEHP was not detected in surface water samples
collected in Austria [23] nor in effluents of
wastewater treatment plants (WWTP, Austria and
Germany) [23, 24]. However, TEHP was detected
in river water collected in Germany at
concentrations up to 7.5 μg/L [25], in WWTP
influents from Sweden at concentrations ranging
between 0.06-0.13 μg/L [26] as well as in river
sediments from Austria (4.4-140 μg/kg dry weight)
[23]. These results suggest that solid phase
bioassays conducted on sediment could be a better
method to test the toxicity of TEHP towards benthic
aquatic organisms.
Algae yielded the most sensitive toxicity
responses for BBMP, BEHP, and TBOEP with the
exception of HCCPD, to which D. magna were the
most sensitive (Table 3). Such primary producers
are at the base of the food web and are known
sensitive organisms [27]. Concentrations impacting
the growth of P. subcapitata (IC50/25) were higher
(with the exception of HCCPD) compared to other
FRs and algal species. Ye et al. [28] demonstrated
that the flame retardant decabromophenyl ether
(decaBDE) can inhibit the growth of Scenedesmus
obliqnus at low concentrations (0.1 to ȝJ/ and
significantly inhibit the chlorophyll content.
In another study, tetrabromobisphenol A
(TBBPA), a reactive flame retardant used in epoxy
and polycarbonate resins and/or electrical and
electronic equipment, produced high mortality of
the microalgae Chlamydomonas reinhardtii and
growth inhibition of viable cells of P. subcapitata
and Nitzschia palea when exposed to this chemical
for 72 h at different concentrations (0.9-9 mg/L)
[29]. $QRWKHU )5 ƍƍ-tetrabromodiphenyl
ether (BDE 47), also caused growth inhibition of
the marine diatom Skeletonema costatum (median
HIIHFW FRQFHQWUDWLRQ  ȝJ/ 5% confidence
interval: 64- ȝJ/  >@. Impacts of flame
retardants on primary producers could affect the
equilibrium of ecosystems, as they form the energy
basis for all organisms.

Microtox test. Microtox test using the
bacteria Vibrio fisheri was performed following
(QYLURQPHQW&DQDGD¶VPHWKRG>@/XPLQHVFHQFH
inhibition (IC25 and IC50) was evaluated after 15
min at 15±0.3°C, in cuvettes with 2 replicates per
treatment by using a photometer (Microbics, M500,
Strategic Diagnostics Inc).
Algal test. Growth inhibition (IC25 and IC50)
of Pseudokirchneriella subcapitata was evaluated
after 72 hours of exposure at 24±2°C, in a 96 well
microplate, with 5 replicates per treatment, under
continuous lighting, according to Environment
&DQDGD¶VPHWKRG [19].
Hydra test. Mortality and morphological
effects (LC50 and EC50, respectively) on the
cnidarian Hydra attenuata were evaluated after 96
hours at 22±2oC, in 12 well microplate, 3 replicates
per treatment with 3 organisms per replicate,
IROORZLQJ(QYLURQPHQW&DQDGD¶VPHWKRG[20].
Thamnotox kit test. Thamnotoxkit test using
Thamnocephalus
platyurus
was
performed
IROORZLQJ 0LFURELRWHVW ,QF¶V SURWRFRO [21].
Mortality (LC50) was evaluated after 24 hours at
25±2oC in darkness, in 24 well microplates with 5
replicates per treatment.
Daphnia magna test. Daphnia magna acute
toxicity
tests
were
performed
following
(QYLURQPHQW &DQDGD¶V PHWKRG [22]. Mortality
(LC50) was evaluated after 48 h at 20±2°C, in 150
mL glass beaker, with 1 replicate of 10 organisms
per treatment, under a photoperiod of 16 h light/8 h
dark.

RESULTS AND DISCUSSION
Specific toxicity values for TEHP could not be
measured due to its very low solubility in culture
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TABLE 3
Concentration (with 95% confidence interval, mg/L) of flame retardants inducing toxicity
in multitrophic aquatic organisms.
V. fisheri

BBMP
BEHP
TEHPa
HCCPD
TBOEP
a

P. subcapitata

H. attenuata

T. platyurus

D. magna

15 minIC50

15 minIC25

72h-IC50

72h-IC25

96h-LC50

96h-EC50

24h-LC50

48h-LC50

311
(282-344)
63.7
(36.5-111)
>100

89.8
(83.9-96.2)
28.5
(19.1-42.7)
>100

87.9
(73.1-106)
25.2
(21.6-29.4)
>182

38.6
(31.2-46.6)
12.4
(9.9-15.2)
>182

327
(283-379)
40.1
(32.2-49.9)
>100

174
(133-230)
24.3
(19.1-32.4)
>100

535
(459-629)
150
(118->180)
>200

653
(534-798)
57.1
(42.5-74.6)
nd

0.37
(0.18-0.50)
135
(94.6-192)

0.17
(0.12-0.28)
77.6
(56.6-106)

0.34
(306-386)
30
(24.9-34.6)

0.27
(224-309)
6.02
(nd-19.6)

1.7
(1.2-2.4)
44.2
(31.3-63.5)

1.35
(1.08-1.68)
17.5
(14.1-21.8)

0.37
(0.35-0.39)
55.8
(49.5-62.9)

0.14
(0.11-0.16)
147
(111-183)

Maximal concentrations tested due to low solubility of the product in test media. / nd: not determined

ranging between 0.3 and 100 mg/L [39, 40]. All
reported concentrations causing acute toxicity were
higher than levels of BEHP reported in influents
(61 μg/L) and effluents (4.7-62 μg/L) from a
WWTP in Germany [41].
TBOEP was toxic to all aquatic species at
concentrations ranging from 6 to 147 mg/L. These
results were higher than the range of values
published for higher taxonomic groups; 96 hr LC50
in fathead minnow = 10.7-11.2 mg/l [42]. The
concentrations causing acute toxicity in the aquatic
organisms investigated were also up to 5 orders of
magnitude
higher
than
environmental
concentrations reported for TBOEP in surface water
(i.e., 0.003 to 0.500 μg/L) [2, 23]. However,
Giraudo et al. [43] reported that chronic exposure
of D. magna to sublethal doses of TBOEP (14.71,470 μg/L) impacted the transcription of several
genes related to proteolysis (e.g., cathepsin D),
protein synthesis (e.g., 39S ribosomal protein L24),
and oxygen transport (hemoglobin). Impacts on
proteolysis were confirmed by the increase of the
cathepsin D at the protein level in whole body
homogenate. In another study, experimental
exposure of zebrafish embryos to TBOEP (20 and
100 mg/L) reduced the hatching and survival rate
(LC50 of 10.7 mg/L) of fish [44]. Additional
exposure of embryos to 800 μg/L of TBOEP also
decreased the heart rate and the body length of
developing fish and increased the number of
apoptotic cells in the tail region of larvae [44].
Analyses at the genomic and cellular levels
indicated an up-regulation of Vtg2 and downregulation of Vtg4 and Vtg5, as well as a decrease
in cation binding proteins (e.g., amylase, alpha 2a),
lipid transport, uptake and metabolism proteins
(e.g., apolipoprotein d-like precursor) in zebrafish
larvae [44]. The ubiquitous detection of TBOEP in
water and wild invertebrates, fish, and birds in
addition to the reported adverse effects at
environmentally relevant concentrations suggest

In the present study, HCCPD was the most
toxic flame retardants for all aquatic organisms
tested, with effects observed at concentrations
ranging
between
0.14-1.7
mg/L.
These
concentrations were of the same order of magnitude
as previously reported for HCCPD in D. magna
(48-h LC50: 39±52 μg/L) [31], as well as in the
same range of 96-h LC50 observed in marine
invertebrate species (7±371 μg/L) [32]. Houde et al.
[33] reported that HCCPD (0.014±13.8 μg/L)
affected the transcription of five genes coding for
proteins associated with metabolic process as well
as the DFWLYLW\ RI Į-amylase in the crustacean D.
magna exposed for 21 days. These chronic results
indicate that, in some cases, the toxicity of HCCPD
occurs at concentrations similar to those found in
the environment (0.015 ± 0.003 μg/L) [16]. In
addition to water, HCCDP has also been reported in
sediment (up to 2.1 mg/kg in the Calcasieu River
estuary, Louisiana) [34] reflecting its adsorption
properties to soils and sediment [35]. As for THEP,
bioassays on sediments could also be considered for
further evaluation of HCCPD toxicity.
The least toxic chemical was found to be
BBMP with concentrations >38 mg/L required to
impact the growth or survival of all species. This
compound is a globally produced brominated flame
retardant used in unsaturated polyester resins and in
the production of rigid polyurethane foam [36].
These results are in the same range of values
reported in the literature for D. magna (EC50 48h:
>100 mg/L) [37] and the algae Scenedesmus
subspicatus (EC50 72h: 150 mg/L) [38].
Toxicity values obtained in this study for
BEHP were also low (range between 12-150 mg/L)
and in the same range of values previously reported
in the literature. The acute toxicity of BEHP was
studied in green algae (Chlorella emersonii), fish
(Dania rerio, Salmo gairdneri), invertebrates (D.
magna) and bacteria (Cellulomonas and
Sporocytophaga myxococcoides) at concentrations
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[4] Blaise C, Férard JF. 2005. Small-scale
Freshwater Toxicity Investigations. Springer,
Dordrecht, Netherlands, p. 422.
[5] Davoren M, Fogarty AM. 2004. A test battery
for the ecotoxicological evaluation of the agrichemical. Environ Ecotoxicol Environ Saf
59:116±122.
[6] Repetto G, Jos A, Hazen MJ, Molero ML, del
Peso A, Salguero M, Castillo PD, RodríguezVicente MC, Repetto M. 2001. A test battery
for the ecotoxicological evaluation of
pentachlorophenol. Toxicol in Vitro 15:503±
509.
[7] Fochtman P, Raszka A, Nierzedska E. 2000.
The use of conventional bioassays,
PLFURELRWHVWV DQG VRPH ƎUDSLGƎ PHWKRGV LQ
the selection of an optimal test battery for the
assessment of pesticides toxicity.
Environ
Toxicol 15(5):376-384
[8] OECD Environment Directorate. 2009. The
2007 OECD list of high production volume
chemicals. Paris.
[9] OECD Environment Directorate. 2004. The
2004 OECD list of high production volume
chemicals. Paris.
[10] Government of Canada. 2000. Persistence and
bioaccumulation regulations. Canada Gazette
Part II. 134. Public Works and Government
Services, Canada, Ottawa, ON, pp 607-612.
[11] UNEP. 2001. Final act of the Conference of
plenipotentiaries
on
the
Stockholm
Convention on persistent organic pollutants.
United Nations Environment Program:
Geneva, Switzerland.
[12] Kolpin DW, Furlong ET, Meyer MT,
Thurman EM, Zaugg SD, Barber LB, Buxton
HT. 2002. Pharmaceuticals, hormones, and
other organic wastewater contaminants in U.S.
streams,
1999-2000:
a
national
reconnaissance.
Environ
Sci
Technol
36(6):1202-11.
[13] Clanek III Loos R, Carvalho R, António DC,
Comeroa S, Locoro G, Tavazzi S, Paracchini
B, Ghiani M, Lettieri T, Blaha L, Jarosova B,
Voorspoels S, Servaes K, Haglund P, Fickd J,
Lindberg RH, Schwesig D, Gawlik BM. 2013.
EU-wide monitoring survey on emerging
polar organic contaminants in wastewater
treatment plant effluents. Water Res 47: 6475±
6487.
[14] Bestvater L, Tomy G, Marvin C, MacInnis G,
Backus S, Muir DC, Letcher RJ, Johnson T,
Fisk A, Sverko E. 2013. Organophosphorous
flame retardants of a lake Ontario food web.
9th Annual Workshop on LC/MS/MS
Applications in Environmental Analysis and
Food Safety / Eastern Canada Trace Organic
Workshop (ECTOW), Burlington, ON,
Canada, May, 6-9, 2013.

that this FR may accumulate in organisms, even if
calculated value of log Kow is less than 5 (Table 1).
These results indicate that TBOEP may represent
potential risks to aquatic ecosystems and warrant
further chronic toxicity research.

CONCLUSION
The present study reported acute toxicity
values for environmental risk assessment of
alternative flame retardants. The use of a toxicity
test battery allowed the complementary evaluation
of aquatic organisms from different taxonomic
groups. Overall, HCCPD was the most toxic of the
FRs tested and BBMP the least. Although mortality
or growth inhibition concentrations were above FR
levels detected in aquatic environments, results
indicated that some FRs, such as HCCPD and
TBOEP, may have the potential to produce sublethal adverse effects in aquatic organisms. Solid
phase testing and long-term studies evaluating
reproduction and growth in addition to gene
transcription and cellular activity should be
conducted in order to better elucidate chronic
effects and modes of action of these emerging
chemicals.
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biological treatment methods are not very effective
for dyestuff removal [1, 3]. Coagulation±
Àocculation [4-7], flotation [8], filtration [9, 10],
extraction [11, 12] and adsorption [13, 14] are
typical physical or physico-chemical operations.
However, these processes may be costly, inefficient
and often produce a high amount of secondary
wastes [15].
In chemical treatment approaches, advanced
oxidation processes such as homogeneous Fenton
[16-18], photo-Fenton [19-22], electro-Fenton [23,
24], hybrid-Fenton [25, 26], ozonation [27], and
wet air oxidation [28], have received considerable
attention as an effective pretreatment process of
less biodegradable wastewater [29]. Among them,
the homogeneous Fenton technology is a well
known process and fenton reagents involve the
generation of hydroxyl radicals via homogeneous
reaction between hydrogen peroxide and ferrous
ion, and they are easy to operate and maintain [30].
Fenton mechanism schematically is shown in
Eqs. (1)-(4) [31]:

ABSTRACT
In the present study, in order to promote the
practical application of the heterogeneous Fenton
oxidation in wastewater treatment, Fe/ZrO2 catalyst
was prepared and used in decolorization of Direct
Orange 26 (DO26) over a wide pH range. Within
this scope, Fe/ZrO2 catalyst has been synthesized
by co-precipitation method and characterized by
XRD, BET, SEM and XRF techniques. To
investigate the activity of the catalyst in the
decolorization process, the effects of different
parameters such as percentage of iron ions loading
on the catalyst and the dosage of catalyst, contact
time, solution pH, and initial concentration of H2O2
and dye on the decolorization efficiency of the
process were studied. The best reaction conditions
were found to be an initial pH of 4.0 when the
dosage of catalyst, was 10.0 g/L with 6% Fe
content, [H2O2] of 5 mM, [DO26]o of 100 mg/L,
and a stirring speed of 140 rpm at 25°C. At suitable
conditions, a 98.7% decolorization efficiency of
DO26 was achieved within 90 min of the reaction.
Stability and reuse of the catalyst were also tested.
Fe/ZrO2 was demonstrated to have good stability
and reusability, indicating it could be a suitable
heterogeneous Fenton like a catalyst in a wide
range of pH.

Fe3+ + H2O2
Fe(OOH)2+
Fe2+ + H2O2
Fe3+ + HO2.

Fe(OOH)2+ + H
Fe2++ HO2
Fe3+ + HO- + HO.
2+
Fe + H+ + O2

(1)
(2)
(3)
(4)

Even though the Fenton reaction is very
powerful in the degradation of organic compounds,
ZKLFK LV FDOOHG DV ³KRPRJHQHRXV FHQWRQ SURFHVV´
leads to some significant problems: (I) it is limited
by the narrow working pH (2-4), (II) it needs for
recovering the iron catalyst after the treatment,
which leads to spend more time, more reagents and
high investment and (III) impossible regeneration
of catalyst [15, 29, 32]. To overcome these
disadvantages of the homogeneous fenton process,
many heterogeneous Fenton like catalysts have
recently been using the including the
immobilization of the Fe ions, Fe clusters, or iron
oxides on inert support surfaces [33-43].
The ideal heterogeneous catalysts are
supposed to be inexpensive, available in wide pH

KEYWORDS:
Direct Orange 26; Oxidation; Heterogeneous Fenton;
Fe/ZrO2 Catalyst

INTRODUCTION
The azo dyes, having an azo group consisting
of two nitrogen atoms (N=N), are the largest class
of dyes used in textile industry [1] and they are the
major water contaminants [2]. Physical, biological
and chemical methods have been used for the
removal of these dyes. Due to the complex aromatic
structure and stability of azo dyes, conventional
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filtered Cu .ĮUDGLDWLRQ Ȝ = 0.15418 nm). The data
were collected at 0.02° in the (2ș) range from 15°
to 85°. The crystalline phases were identified by
JADE software. The lattice parameters and the
structure of the catalysts have been estimated.
The composition of each sample was
determined by X-ray fluorescence (XRF) on a
Rigaku ZSX model instrument.
The specific surface area (SSA) of the
catalysts was calculated by the BET (Brunauer,
Emmett and Teller) theory using a Quantochrome
Autosorb 1-C device.
The scanning electron microscopy (SEM)
examination was conducted on a ZEISS EVO 50
EP electron microscope operated at 20 kV. The
samples were spray-coated with a thin layer of
platinum before observation.

range, as well as having high catalytic activity and
stability [44]. ZrO2 is a well-known active metal
oxide catalyst utilized in many chemical reactions
[45]. It is increasingly used as a support in catalyst.
It has several useful properties that favor its
application in catalysis. It has low thermal
conductivity, and high corrosion resistance [28].
The main goal of this study was to investigate
the applicability of Fe/ZrO2 as a heterogeneous
Fenton-like catalyst for decolorization of DO26
solutions as a model for textile wastewater. For this
purpose, the iron ions were immobilized on the
ZrO2 surface by co-precipitation procedure.
Additionally, stability and reuse of the catalyst, as
well as the influence of reaction parameters on the
catalytic activity was discussed. To the best of our
knowledge, the color removal of DO26 using
Fe/ZrO2 as a catalyst has not been reported
previously.

Heterogeneous
Fenton
Oxidation
Experiments. The catalysts were tested in the
chemical oxidation of DO26. Experiments were
carried out in batch mode, using an Erlenmeyer
filled with 25mL of the DO26 solution in a shaker
at 25°C. The conditions of the experiments were set
as follows (except when the parameter was
optimized): initial concentration of DO26 of 50
mg/L, pH of the solution of 2.0, concentration of
H2O2 87.5 mmol/L, temperature of solution of 25
ƕ
C, concentration of the catalyst of 10 g/L, 6.0
wt.%. Fe and time of 120 min). After stabilization
of the temperature and pH, the powder catalyst was
added to the DO26 solution. The beginning of the
reaction was considered when the required amount
of H2O2 was added. All experiments were carried
out under constant stirring (140 rpm) to ensure
good dispersion of the catalyst. Thereafter, samples
were withdrawn and centrifuged to remove
suspended particles for 5 min then analyzed using a
UV±vis spectrophotometer (Shimadzu, model UV120-01).
The maximum absorbance wavelength Ȝmax)
of DO26 was found to be 494.5 nm using a UV-vis
spectrophotometer (Thermo Electron Corporation,
model Helios Aquamate). The concentration of dye
in the reaction mixture at different reaction times
was determined by measuring the absorption
intensity DWȜmax=494.5 nm from a calibration curve.
Prior to the measurement, a calibration curve was
obtained using the standard DO26 solution with
known concentrations.
The decolorization
efficiency of DO26 is defined by Eq. (5).

EXPERIMENTAL METHOD
Materials. The azo dye, Direct Orange 26
(DO26) was obtained from Burboya Co. Textile
Industry, Bursa, Turkey. This dye was specifically
selected for this study because direct dyes are
extensively used in textile dyeing and finishing
processes. The molecular formula and formula
weight of DO26 is C33H22N6Na2O9S2 and 756.67
g/mol, respectively. Hydrogen peroxide (30%, w/w)
and Fe(NO3)3·9H2O were obtained from SigmaAldrich. ZrO(NO3)2.6H2O was purchased from
Acros. All chemicals were used as received without
further purification. Deionized water was also used
in the present work.
Preparation of catalyst. In co-precipitation
procedure the solutions containing the metal salt
and a salt of a compound that will be converted into
the support are contacted by stirring with a base
solution in order to precipitate as hydroxide form.
After washing, it is converted into oxides by
heating.
Synthesis of Fe/ZrO2: Fe(NO3)3.9H2O and
ZrO(NO3)2.6H2O salts were dissolved in 100 mL
distilled water. Then the solution was heated up to
65 oC with stirring. The pH of this solution was
increased from 8 to 9 by adding NH4OH with 10
mL/min. The next step in the process was aging of
the solution for 2 hours at 65°C and stirring at 300
rpm. After the aging, the precipitate was washed
with ethanol and dried for 24 hours in an oven at
110°C. Finally, grounded precipitate was calcined
at 600°C for an hour in the dry air atmosphere.

Decolorization efficiency (%) =

(C0  Ct )
x100
C0

(5)

where C0 and Ct are the concentrations (mg/L) of
the dye at time 0 and t, respectively.
Reusability of catalyst was tested in three
consecutive cycles using fresh solutions at optimum
conditions (100 mg/L dye concentration, pH 4.0, 25
ƕC, 5 mM H2O2 and 10.0 g/L catalyst dosage).

Catalyst Characterization. X-ray Diffraction
(XRD) patterns were recorded at room temperature
by using a Rigaku Rint 2200 diffractometeroperated at 40 kV and 30 mA, employing Ni3273
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Between each experiment, the catalyst was
removed by filtration and then washed with
distilled water for several times and dried at 110 ƕC
for 24 h.
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TABLE 2
Surface characteristics of catalyst
Sample

RESULTS AND DISCUSSION
6%
Fe/ZrO2

Characterization of Fe/ZrO2 catalys. The
obtained catalysts were characterized by XRD,
XRF, SEM and BET analysis. Crystal structure of
the catalysts was determined by XRD, surface area,
pore volume and pore size of the catalysts were
obtained by BET analysis and surface morphology
was determined by SEM. The composition of
catalysts was determined by XRF analysis.
XRD patterns of 2, 4, 6% Fe/ZrO2 (%w/w)
catalysts are shown in Fig. 1.

Surface
area
SA
(m2/g)
129.8

Pore
volume
VP
(cm3/g)
0.3050

Average
pore size
rP (Å)
5.916

SEM image of the 6% Fe/ZrO2 is shown in
Fig. 2.

FIGURE 2
SEM image of 6% Fe/ZrO2 catalyst
As it is seen in Fig. 2, Fe particles with small
size have homogeneous dispersion on ZrO2 crystal.
Effect of iron ions loading on catalyst on
the decolorization of DO26. The effect of iron
loading on catalyst on the decolorization of DO26
was studied at 25 and 35 oC. The results indicated
that the decolorization of DO26 is remarkably
dependent on the iron ion concentration (Fig. 3).

FIGURE 1
XRD pattern of Fe/ZrO2 (2%, 4%, 6% )
catalysts
As it is seen in Fig. 1, molecular structure of
Fe/ZrO2 catalysts are highly crystalline and the
structure of ZrO2 was characteristic of tetragonal
symmetry.
XRF results are shown in Table 1. The
experimentally determined Fe content is higher than
the expected one because of the detection of the
element as oxide form.

TABLE 1
XRF results of Fe/ZrO2 catalysts
Fe/ZrO2
(%w/w)
2
4
6

Fe2O3
(%w/w)
3.39
6.23
9.32

ZrO2
(%w/w)
91.70
90.58
88.35

Other
(%w/w)
4.91
3.19
2.33

FIGURE 3
Effect of (%) iron ions loading on catalyst
on the decolorization of DO26 ([DO26] o=50
mg/L, [H2O2]=87.5 mM, and stirring speed=140
rpm, dosage of catalyst=10.0 g/L, pH=2,
time =120 min)

Table 2 shows the surface area, pore volume
and average pore size of the catalyst measured by
the BET method.
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Compared to the conventional Fenton process, the
heterogeneous Fenton process has an advantage to
be operated at high pH [44]. Also, it is shown in
Fig. 5 that the optimum pH value for the
decolorization of DO26 is reached at pH 4 (97.3%).

As it is seen in Fig. 3, increasing (%) of iron
loading on catalyst increased the percentage of
removal of DO26, and the maximum decolorization
was obtained at 6.0 wt.% Fe. Fe is a main
SDUDPHWHU LQ )HQWRQ¶V UHDFWLRQ WKDW FDWDO\WLFDOO\
decomposes H2O2 to generate OH- [30, 46].
The decolorization percentage also increased
with rising temperature at 2.0% Fe amount. But it
was not observed difference at 4.0 % Fe amount
while it was decreased at 6.0% Fe amount with
rising temperature. Therefore, optimum conditions
for subsequent experiments was determined as
amount 6% Fe and 25 ° C.
Effect of dosage of catalyst on the
decolorization of DO26. Fig. 4 shows the effect of
catalyst dosage on the decolorization of DO26.
Increasing the catalyst dosage from 5.0 to 10 g/L
increased
decolorization
efficiency.

FIGURE 5
Effect of pH on the decolorization of DO26
([DO26]o=50 mg/L, [H2O2]=87.5 mM,
temperature=25°C, and stirring speed=140 rpm,
dosage of catalyst=10.0 g/L, time =120 min)

Effect of time on the decolorization of
DO26. Decolorization of dye abruptly increased up
to 94% in 60 min. However, the removal increased
from 60 to 90 min at a slower rate and the
decolorization was constant after 90 min (97.3%)
(Fig. 6). It can be seen that it took about 90 min to
reach the equilibrium conditions. Therefore, further
experiments were carried out in 90 minutes.

FIGURE 4
Effect of dosage of catalyst on the decolorization
of DO26 ([DO26]o=50 mg/L, [H2O2]=87.5 mM,
temperature=25°C, and stirring speed=140 rpm,
(%) Fe amount=6, pH=2, time =120 min)

The more catalyst dosage provides the more active
iron sites on the catalyst surface for acceleration the
decomposition of H2O2, and more iron ions
leaching in the solution. So, the number of OH
radicals increases [30]. The same observation was
reported by Idel-aouad [39] for decolorization of
Acid Red 14 with heterogeneous fenton process.
But increasing the amount of catalyst used from 10
to 15 g/L resulted in a slight change in
decolorization. Hence, subsequent experiments
were performed using the amount of catalyst of 10
g/L.
Effect of pH on the decolorization of DO26.
The effect of pH was investigated by varying the
pH from 1 to 7 and is shown in Fig. 5. Increase of
pH from 1 to 2 increases decolorization efficiency.
Further increase of pH above 2 did not significantly
effect the decolorization efficiency, and unlike the
conventional Fenton process, 95.8% of color
removal was still obtained after 90 min reaction
even when the initial pH was as high as 7.

FIGURE 6
Effect of time on the decolorization of DO26
([DO26]o=50 mg/L,[H2O2]=87.5 mM,
temperature=25°C, and stirring speed=140 rpm,
dosage of catalyst=10.0 g/L, pH=4)
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Further increase of dye concentration above 100
ppm did not change the decolorization efficiency.
This phenomenon can be explained. Because the
lifetime of hydroxyl radicals is very short (only a
few nanoseconds), they can only react where they
are formed. Increasing the quantity of DO26
molecules per volume unit logically enhances the
probability of collision between organic matter and
oxidizing species, leading to an increase in the
degradation efficiency [41].

Effect of H2O2 on the decolorization of
DO26. The effect of H2O2 dosage on the
decolorization of DO26 was examined by varying
initial concentration of H2O2 from 5 to 100 mM.
The best initial H2O2 concentration was obtained at
5 mM as 97.5%, and the color removal efficiencies
were 96.5, 97.0, and 97.3% for the H2O2
concentrations of 15, 50, and 87.5 mM,
respectively. After 87.5 mM of H2O2 concentration,
the decolorization efficiency decreased to 95.5%.
This phenomenon can be explained. Further
increase in H2O2 concentration caused a negative
effect for both iron ions concentration and
decolorization. In the presence of excess of H2O2,
its scavenging effect towards OH radicals is
significant resulting in the formation of less
reactive species such as HO2 
H2O2 + HOĺ H2O + HO2

Fresenius Environmental Bulletin

The reuse tests. Catalyst reusability is one of
the important parameters that are used to measure
the activity and stability of solid catalysts [29, 47].
It is necessary due to economic and environmental
reasons. Catalyst with reusability will reduce the
cost of wastewater treatment [41]. In order to
observe the possibility of the catalyst reuse, three
consecutive experiments were performed. The
decolorization of DO26 is maintained efficiently
after repeated experiments with only a slight
decrease. The Fe/ZrO2 catalyst was used once at the
optimized conditions and the decolourization
efficiency was found to be 98.7%. When it was
reused for the second time, the result showed no
significance difference (97.5%), and from the third
time it was 94.3. For this reason, the Fe/ZrO2
catalytic performance could be reproduced in
consecutive experiments without a considerable
drop in the process efficiency.

(6)

Such reaction reduces the probability of attack
of organic molecules by hydroxyl radicals, and
causes the decolorization rate to drop. It can be
concluded that an initial H2O2 concentration higher
than 5 mM corresponded to an unprofitable
consumption of H2O2 [30].
Effect of dye concentration on the
decolorization of DO26. Decolorization of dye
was measured in the dye concentrations 50, 100,
150, 200 mg/L to determine the effect of initial dye
concentration. The concentration range chosen for
the present study was that usually found in textile
industry wastewater, between 40 and 200 mg/L.
Surprisingly, the DO26 decolorization efficiency
was increased with an increase in the initial
concentration of DO26 up to 100 ppm (98.7%)
(Fig. 7).

CONCLUSIONS
In this study, Fe/ZrO2 catalyst has been proved
to be an active heterogeneous Fenton catalyst for
the degradation of DO26 in an aqueous solution.
Under optimized conditions, the complete removal
of colour (higher than 98%) could be achieved with
an amount of catalyst of 10 g/L, concentration of
H2O2 5.0 mM and at temperature of 25oC for a dye
concentration of 100 ppm. Fe/ZrO2 catalyst
displayed high catalytic activity in wide pH range
of 2.0-7.0.
Other studies also present good
decolorization but the temperatures are generally
higher than 25oC and it is in narrow pH range of
2.0-4.0. Results also showed that the catalyst still
displayed high catalytic activity after three reaction
cycles. Consequently, the high catalytic activity in
low temperature, wide pH range and good stability
made the Fe/ZrO2 catalyst a promising
heterogeneous catalyst for various dye wastewater
treatment.

FIGURE 7
Effect of dye concentration on the decolorization
of DO26 ([H2O2]=5.0 mM, temperature=25°C,
and stirring speed=140 rpm, dosage of
catalyst=10.0 g/L, pH=4, time =90 min)
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groundwater [1-4]. As the largest artificial lake and
the important freshwater resource in China,
Qiandao Lake plays a significant role in water
supply and sustainable development in eastern
China [5-7]. Although series of laws and
regulations regarding environment and water
protection have been enacted and implemented in
this area for years, Qiandao Lake was also
confronted with increasing pressure along with the
rapid economic development and urban expansion
in the recent past [7]. The water quality has thus
undergone considerable variations [8], but few
detailed studies have been carried out to distinguish
the significant discriminating parameters and to
characterize the spatio-temporal trends in water
quality in Qiandao Lake [9-11].
The Water Pollution Index (WPI) is
recommended by Ministry of Environmental
Protection of China for water pollution assessment,
and it can be used to effectively detect pollution
parameters and allows for easy comparison between
different parameters [12]. We use the WPI to
compare the pollution level between different
parameters and reveal the main pollution
parameters in this study. Daniel Trend Test is a
non-parametric test method, and it provides a
quantitative decision of the changing trend and
makes the tendency easy to understand [12]. This
study uses Daniel Trend Test for the temporal trend
evaluation of water quality. Multivariable statistical
methods, such as cluster analysis (CA),
discriminant analysis (DA), and principal
component analysis (PCA), have been widely used
in water studies for complex data processing and
interpretation [13-18].
Aiming at obtaining a detailed understanding
of temporal and spatial trends in water quality with
a case study of Qiandao Lake, this study
comprehensively employed multivariate methods,
WPI and Daniel Trend Test method. The Daniel
Trend Test was used to quantitatively detect the
information about temporal trend, and the WPI was
used to identify the main pollution parameter. The
CA and DA method helped discriminate the most
significant parameters that accounting for the
spatio-temporal variations in water quality.

ABSTRACT
Understanding the temporal and spatial
variations in surface water quality and
quantitatively evaluating the trend in changes are
important for water resource management and
protection. Multivariate statistical techniques, such
as cluster analysis (CA) and discriminant analysis
(DA), as well as Water Pollution Index (WPI) and
Daniel Trend Test method were applied to evaluate
the temporal and spatial variations of water quality
data sets for Qiandao Lake reservoir, obtained
between 2002 and 2013 from 12 monitoring sites.
The results of Daniel Trend Test showed that most
of the parameters were increased (Rs>0), among
which ammonia nitrogen, total nitrogen and
chlorophyll-a presented significant upward trends
(Rs>Wp). The WPI of total nitrogen was highest
among all the parameters, followed by total
phosphorus, and ammonia nitrogen was the lowest.
Seasonal DA identified four parameters (pH,
permanganate index, dissolved oxygen and total
nitrogen) as the most significant parameters
accounting for the temporal variations in water
quality. Hierarchical CA grouped the 12 monitoring
sites into four clusters based on the similarities in
water quality characteristics. Spatial DA identified
four parameters (secchi disc depth, chlorophyll-a,
total nitrogen, ammonia nitrogen) as the significant
discriminating parameters in space. These results
could assist planners and managers to develop
optimal strategies for reservoir water resources
protection and management.

KEYWORDS:
Water quality; Spatial variation; Temporal trend;
Multivariate methods; Water Pollution Index; Daniel
Trend Test

INTRODUCTION
Reservoir water resource is an important
source for drinking water in China due to the
increasingly deteriorated water quality in river and
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FIGURE 1
Location of the Qiandao Lake and sampling sites and spatial pattern of the four classified groups derived
by CA.
method; CODMn, acidic (alkaline) potassium
permanganate method; TN, TP, NH3-N and Chl-a,
spectrophotometry method; FC, membrane filter
method.

MATERIALS AND METHODS
Study area. Qiandao Lake, located in
Zhejiang Province, is of great significance in terms
of drinking water supply and sustainable
development in East Coast China as well as a
nationally renowned tourist attraction. Qiandao
Lake basin covers around 4400 km2, and the water
surface area is 574 km2 at high water (108 m) with
the corresponding storage capacity of 17.8 billion
m3. The dominant land cover category is low
mountains and hills, accounting for 80% of the
area. Characterized by subtropical monsoon
climate, the region is warm and humid. The annual
average temperature in Qiandao Lake area is 17°C,
ranging from 5.8°C to 28.9°C, and the annual
average precipitation is 1,430 mm [5]. Figure 1
shows the location of Qiandao Lake.

Water Pollution Index (WPI). In this study,
the water quality data were transformed to Water
Pollution Index (WPI) that explains main pollution
factors and allows for easy comparison between
different parameters [12,20]. The WPI is calculated
based on the Environmental Guidelines of the
National Quality Standards for Surface Waters,
China (GB 3838-2002) (Table 1). According to the
Technical
Guideline
for
Surface
Water
Environmental Quality Assessment (HJ422-2008)
[20], the WPI is calculated from the following
equation:
ܹܲܫ ሺ݅ሻ െ ܹܲܫ ሺ݅ሻ
ൈ ሺܥሺ݅ሻ
ܥ ሺ݅ሻ െ ܥ ሺ݅ሻ
െ ܥ ሺ݅ሻሻ

ܹܲܫሺ݅ሻ ൌ ܹܲܫ ሺ݅ሻ 

Data collection. Monthly data of nine water
quality variables from 12 monitoring sites in
Qiandao Lake from 2002 to 2013 were obtained
from Environmental Science Research and Design
Institute of Zhejiang Province. The 12 parameters
are: pH, secchi disc depth (SD), chlorophyll-a (Chla), ammonia nitrogen (NH3-N), permanganate index
(CODMn), dissolved oxygen (DO), total phosphorus
(TP), total nitrogen (TN), and fecal coliform (FC).
All the variables were measured in the laboratory of
Chun¶an Environmental Monitoring Stations
according to the standard methods for observation
and analysis in China [19]. The analytical methods
used are presented as follows: pH, glass electrode
method; SD, manual; DO, electrochemical probe

ܥ ሺ݅ሻ ൏ ܥሺ݅ሻ  ܥ ሺ݅ሻ

Where C(i) is the concentration of parameter i;
Cl(i) is the minimum in the category to which
parameter i belongs; Ch(i) is the maximum in the
category to which parameter i belongs; WPIl(i) is
the index of the minimum in the category to which
parameter i belongs; WPIh(i) is the index of the
maximum in the category to which parameter i
belongs; WPI(i) represents the index of parameter i.
When the monitoring value of water quality is
beyond the fifth level in standard (GB3838-2002),
the WPI is defined as:
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discriminant functions (DFs) determine boundaries
in the predictor space between different categories
[16]. In this study, DA was applied to four seasonal
groups and three regional groups to explore the
temporal and spatial variations in water quality of
Qiandao Lake. The DFs were constructed based on
standard, forward stepwise and backward stepwise
modes [12,26,27]. The DA process was performed
in the software STATISTICA 10.0.

ܥሺ݅ሻ െ ܥହ ሺ݅ሻ
ܹܲܫሺ݅ሻ ൌ ͳͲͲ 
ൈ ͶͲ
ܥହ ሺ݅ሻ

Where C5(i) is the maximum of fifth level.
Daniel Trend Test. The Daniel Trend Test is
a non-parametric test method and is usually used in
the correlation tests of single-factor small-sample
datasets. It uses Spearman rank correlation
coefficient to identify the significance of variations
in trend [21]. The raw concentration data are ranked
from the lowest to the highest, and the order
numbers are used for correlation tests instead of the
original data [22]. This method for trend analysis
works only when the number of observed
measurements exceeds four. The Daniel Trend Test
has been used to inspect temporal variation trends
in hydro-meteorological time series such as water
quality, stream flow, temperature, and precipitation
[21,22]. We applied the Daniel Trend Test to
confirm whether any trends in water quality during
the study period existed. The following equation is
used for rank correlation coefficient calculation:

RESULTS
Descriptive statistics of data. The statistical
characteristics for all of the selected water quality
parameters during the study period at 12 different
sites are summarized in Table 1. Each elemental
concentration displayed a small variation as
indicated by the small standard deviations in the
data set. By comparing to the environmental
guideline (GB 3838-2002), as shown in Table 1, the
mean values of TP reached the second level of the
standard, TN reached the third level, and the
remaining parameters all reached the first level of
the standard. The maximum values of CODMn,
NH3-N and FC exceeded the first level of the
standard, and the maximum TP concentration
exceeded the fourth level. Remarkably, the
minimum and maximum values of TN reached the
second and fifth level of the standard, respectively.
Chl-a and SD are not included in the standard (GB
3838-2002), but they are important indicators of
water quality, and they have been widely used in
previous studies [28,29].

ே

ܴ௦ ൌ ͳ െ   ܦଶ ൩൘ሺܰ ଷ െ ܰሻ
ୀଵ

ܦ ൌ ܺ െ ܻ

Where Rs is the rank correlation coefficient;
Di represents the difference between Xi and Yi; Xi
is the order number of the raw sampling data after
ranked from lowest to highest, while Yi is the order
number from 1 to N arranged by the original time
sequence; N is the number of samples.
The trend is upward if the Rs is greater than
zero, and the trend is the opposite if Rs is negative.
Furthermore, the result is significant if the absolute
value of Rs is greater than the critical value of Rs
(Wp).

Temporal trend analysis. Annual trend
analysis. The annual trends in water quality over
the monitoring period from 2002 to 2013 are
presented in Figure 2. The average annual
concentration of TN exhibited a steady rise from
2002 to 2008, and this was followed by a notable
drop occurring in 2009. The TN values were
relatively constant from 2009 to 2012, and appeared
to rise again in 2013. The mean chlorophyll-a
concentration showed a steady increase except for a
drop occurring in 2012. Similarly, the NH3-N
values exhibited a general increase with several
drops during the monitoring period. The mean
annual values of DO, CODMn, TP and FC varied
slightly. The average annual pH and SD levels
appeared to be relatively constant over the
monitoring period.
The Daniel Trend Test was used to confirm
the above analysis (Table 2). Results showed that
the most sampling parameters were increased
(Rs>0) from 2002 to 2013, especially for NH3-N,
TN and Chl-a (Rs>Wp). However, only CODMn and
TP showed a slight decline (Rs<0). The result
indicated the overall water quality condition in
Qiandao Lake had been worsened during the study

Multivariate statistics method. Hierarchical
agglomerative cluster analysis (HACA) is the most
common cluster analysis (CA) approach, where a
data set can be sequentially classified into clusters
by starting with the most similar object pairs and
generating clusters in a step-by-step way [23]. In
this study, we performed HACA on the normalized
water quality data set to assemble sampling sites
into aggregations, using Ward¶V method with
squared Euclidean distances as a measure of
similarity [24]. The CA process was performed in
the software IBM SPSS Statistics 20.
DA is a well-known statistical classification
technique and is used to identify the variables
which discriminate between two or more naturally
occurring groups [25]. DA divides cases into
categorical-dependent values by generating a
discriminant function (DF) for each group. The
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period, which can be mainly attributed to domestic
discharge, non-point agricultural runoff and soil
erosion.
Figure 3 showed the temporal variation of
WPI for each water quality parameter. A notable
finding was that the WPI of TN was the highest of
all the parameters in all the monitoring years. It

indicated that nitrogen pollution is the most serious
problem for water quality in Qiandao Lake. The
main factors could be non-point source from
agricultural activities within the watershed, soil and
water loss, fish culture, as well as the domestic
sewage from residential area along the upstream of
Xin¶an Jiang River and in the Qiandao Lake area.

TABLE 1
Descriptive statistics of the selected variables and the environmental guideline of national quality
standards for surface waters, China (units: mg/l)
Parameters

Min.

Max.

Mean

S. D.

pH
DO
CODMn
TN
TP
NH3-N
FC (CFU/L)

6.93
7.48
0.79
0.23
0.005
0.012
10

7.71
8.44
1.38
0.72
0.012
0.031
171

0.29
1.33
0.38
0.25
0.016
0.044
283

Chl-a

0.0005

0.0063

0.0093

SD (mm)

30

8.42
13.35
2.82
1.92
0.168
0.473
4132
0.058
1
900

429

199

First level







7.5
2
0.2
0.01
0.15
200

Environmental guides
Second level
Third level Fourth level
6~9
6
5
3
4
6
10
0.5
1
1.5
0.025
0.05
0.1
0.5
1
1.5
2,000
10,000
20,000

Fifth level
2
15
2
0.2
2
40,000

FIGURE 2
The annual trends in monitoring water quality of Qiandao Lake between 2002 and 2013: (a) pH and DO;
(b) CODMn and TN; (c) TP, NH3-N and Chl-a; (d) FC and SD.
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FIGURE 3
Temporal variation of WPI in Qiandao Lake between 2002 and 2013.

TABLE 2
Temporal variation of each monitoring parameter calculated by Daniel Trend Test method in Qiandao
Lake between 2002 and 2013
Parameter
pH
DO
CODMn
TN
TP
NH3-N
FC
Chl-a
SD

N
13
13
13
13
13
13
13
13
13

Wp
0.487
0.487
0.487
0.487
0.487
0.487
0.487
0.487
0.487

mode, using seven discriminant variables, yielded
CMs assigning 81.3% of the cases correctly. The
DFs of backward stepwise mode produced CMs
with 79.2% correct assignations using only four
discriminant parameters: pH, DO, CODMn and TN.
These results suggested that pH, DO, CODMn and
TN were the most significant parameters expectedly
to account for the temporal variations in water
quality.
The seasonal trend obtained by box plots of
the four significant discriminant parameters
recognized by DA was shown in Figure 4. The
variation in pH was larger in summer as compared
with the other three seasons and was relatively
stable in the first three seasons, and this was
followed by a notable decline, with the pH in winter
being significantly lower than in the first three
seasons (Figure 4a). A possible explanation for the

Seasonal variation analysis. The most
significant variables associated with the temporal
variations in water quality were generated by DA.
Temporal DA was performed on raw data after
grouping the whole data set into four seasonal
groups (spring, summer, autumn and winter). The
values of Wilk¶lambda for each discriminant
function varied from 0.094 to 0.937 and Chi-square
from 5.5 to 194.9 with the p-level below 0.01,
indicating that the DA results were significant.
The three modes of DA (standard, forward
stepwise and backward stepwise) were performed,
from which obtained the discriminant functions
(DFs), as shown in Table 3. The DFs constructed
by standard DA mode, including all the nine
independent variables, yielded the corresponding
classification matrices (CMs) correctly assigning
83.3% of the cases. The DFs from forward stepwise
3284
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located in the regions of high pollution, where they
received pollution mostly from the ;LQ¶DQ -LDQJ
River inflow.
Spatial DA was performed to characterize the
spatial variations in water quality between the four
groups of sampling sites (Group A, B, C and D) as
delineated by CA. The values of Wilk¶lambda
varied between 0.151 to 0.928 and Chi-square
between 2.1 and 110.44, and the DA results were
significant indicated by the p-level below 0.01. As
shown in Table 4, the standard- and forward
stepwise mode-obtained DFs, including nine and
eight discriminant variables, both correctly assigned
84.7% of the cases. The DFs constructed by
backward stepwise mode yielded CMs with 80.6%
correct assignations using four parameters,
suggesting that SD, Chl-a, TN and NH3-N were the
significant discriminating parameters in space.
The box plots of the four significant
discriminant parameters recognized by DA showed
different patterns associated with the spatial
variations in water quality (Figure 5). SD was
highest in the Group A sites, followed by Group B
and C, while Group D was the lowest (Figure 5a).
The concentration of Chl-a was higher in the Group
C and D sites compared with the Group A and B
sites (Figure 5b). The spatial pattern of TN and
NH3-N were similar, with the concentration
relatively stable in Group A to C and notably higher
in the Group D sites (Figure 5c and d). Among all
of the sampling sites, the Group D sites (sites 1 and
2) were located at the most upstream area where the
water quality was mostly influenced by the ;LQ¶DQ
Jiang River inflow that received substantial
amounts of domestic sewage, agricultural
pollutants, and industrial wastewater discharge
from upstream contributing area. The spatial trends
of SD, Chl-a, TN and NH3-N suggested a trend of
improvement for the water quality from the inflow
to the outflow, and this can be attributed to the selfpurification of the lake.

relative low level of pH in the winter was due to the
reduced photosynthetic activity in response to low
temperature and sunlight. The concentration of DO
was higher in spring and winter than in summer and
autumn with the largest variation in spring (Figure
4b). This can be attributed to seasonality effect,
because warmer water becomes more easily
saturated with oxygen and it can hold less dissolved
oxygen [16]. The seasonal variation of CODMn was
also apparent, with a peak occurring in summer,
and the concentration was lowest in spring (Figure
4c). The seasonally high level of CODMn observed
in summer was probably attributed to the increased
phytoplanktonic activities in response to higher
temperature and increased sunlight [30]. The
seasonal variation in organic matter content may
probably be related to changing agricultural runoff
and wastewater discharged into the reservoir. The
concentration of TN was observed to be stable in
the first three seasons, and followed by a notable
decline, with the TN in winter being significantly
lower than in the first three seasons (Figure 4d).
The decrease in TN concentration in winter may be
ascribed to the reduced agricultural runoff in
response to reduced agricultural activities.
Spatial trend analysis. The 12 sampling sites
were grouped into four statistically significant
clusters (A, B, C and D) through CA method, as
shown in Figure 1. Group A included four sites
(sites 9, 6, 5 and 8), Group B consisted of four sites
(sites 10, 11, 4 and 7), Group C two sites (sites 3
and 12) and Group D two sites (sites 1 and 2).
Group A was located near the centre and the
outflow of the lake, corresponding to low-pollution
regions. The sites in Group B and Group C
dispersed from the north-east to the south-west of
the lake and corresponded to relatively moderatepollution regions. These sites received pollution
from the typically non-point sources related to
agricultural activities. The Group D sites were

TABLE 3
Classification functions coefficients for discriminant analysis of temporal variation in water quality
Paramete
rs

Spring

pH

192.70

SD
DO
CODMn
TN
TP

0.00
7.68
2.25
22.53
739.80
419.82
837.27
0.00
815.71

NH3-N
Chl-a
FC
Constant

Standard model
Summe Autum
Winter
r
n
196.62
192.79
179.89
0.00
5.18
11.30
14.23
-851.14
463.25
-923.54
0.00
-824.34

-0.01
4.91
8.99
16.27
850.67
441.99
877.85
0.00
788.38

0.00
7.67
10.70
11.46
745.79
415.71
918.52
0.00
721.08

Spring
189.32

Forward stepwise mode
Summe Autum
Winter
r
n
192.83
189.18
176.14

0.01
6.05
-4.64
22.80
747.02
461.14

0.01
3.48
3.70
14.31
-856.26

795.97

-801.03

492.68
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0.00
3.30
1.76
16.35
855.40
469.18

0.02
5.93
3.14
11.63
752.03
451.53

767.33

697.82

Sprin
g
166.8
8

Backward stepwise mode
Summe Autum
Winter
r
n
168.64
165.46
155.70

6.02
-1.76
36.83

3.56
5.57
28.66

3.60
3.36
29.80

5.53
3.63
24.45

712.7

-704.25

677.56

618.19
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FIGURE 4
Temporal variations of discriminant parameters identified by DA in Qiandao Lake: (a) pH; (b) DO; (c)
CODMn and (d) TN.

FIGURE 5
Spatial variations of discriminant parameters identified by DA in Qiandao Lake: (a) SD; (b) DO; (c) TN
and (d) NH3-N.
3286



© by PSP

Volume 25 ± No. 8/2016, pages 3280-3289

Fresenius Environmental Bulletin





TABLE 4
Classification functions coefficients for discriminant analysis of spatial variation in water quality
Parameters
pH
SD
DO
CODMn
TN
TP
NH3-N
Chl-a
FC
Constant

A
98.46
0.04
13.19
45.81
-26.52
-520.62
202.95
-1115.0
0.00
-473.65

Standard model
B
C
103.86
104.98
0.04
0.04
12.92
12.17
43.18
45.47
-35.81
-35.71
-510.21 -452.09
169.38
110.39
-1175.5 -1247.6
-0.00
0.00
-492.13 -496.12

D
104.94
0.05
11.13
42.02
-34.24
-442.95
113.93
-1178.4
0.00
-485.84

A
97.45
0.04
12.21
41.48
-29.34

Forward stepwise mode
B
C
D
102.87
104.10
104.08
0.04
0.05
0.05
11.96
11.32
10.29
38.93
41.70
38.33
-38.57
-38.16
-36.63

93.79
-1184.4
0.00
-460.13

62.40
-1243.5
-0.00
-479.15

21.05
-1237.4
0.00
-476.06

Backward stepwise mode
B
C
D

0.03

0.02

0.03

0.03

15.58

8.33

9.44

11.05

284.41
-1164.0

232.78
-1213.0

209.65
-1295.3

201.33
-1218.42

-84.99

-70.68

-63.03

-60.24

valuable comments on this study, which helped
improve our manuscript.

DISCUSSION AND CONCLUSIONS
A variety of water quality parameters has been
used to assess the temporal and spatial trends in
water quality of Qiandao Lake from 2002 to 2013.
Combined multivariate statistical techniques, Water
Pollution Index (WPI) and Daniel Trend Test
method were employed.
The annual trend analysis showed that most of
the monitoring parameters were increased from
2002 to 2013 (Rs>0), among which NH 3-N, TN and
Chl-a presented significant upward trends
(Rs>Wp). The WPI of TN was the highest of all the
parameters, followed by TP, and NH3-N was the
lowest, indicating that nitrogen pollution was the
most serious problem for the water quality in
Qiandao Lake. The main sources of nitrogen were
the non-point source from agricultural activities,
soil and water loss, fish culture, as well as the
domestic sewage from residential area. The
seasonal DA showed pH, DO, CODMn and TN were
the most significant parameters to discriminate
between the four seasons.
The 12 sampling sites were grouped into four
statistically significant clusters by CA method. The
spatial DA indicated that SD, DO, TN and Chl-a
were the most significant parameters accounting for
the spatial variations in water quality. The spatial
trend analysis of the four discriminating parameters
identified by DA showed that the water quality in
Qiandao Lake exhibited a trend of improvement
from the north-west (inflow) to the south-east
(outflow) of the lake. These results may provide
effective support to planners and managers for
improving strategy formulation and reservoir water
quality protection.
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3213
2909
3125
2751
2947
3159
2860
2900
3112
3066
3119

3205
2745
3243
3229
3186
3066

Rhizobium
ribosomal DNA
Rice husk
Rotifera
rurel sewage

2751
3251
2736
2718
3017

3134
3179
3179
2758
3186
2909
2977
2891
3186
3017
2891
2985
3049
3159
3243

Solid phase extraction
spatial radiation power
Spatial variation
spring wheat
Statistical Analysis
storage
stress combination
student hostels
subsurface constructed wetland
succession of species
supercritical water
Surface precipitation
SWAT
SWAT model

2900
3193
3280
3258
2909
3159
3179
2877
2842
2772
2970
3142
3030
3071

N
N leaching
nanoparticle
Naoli River
Nash-Sutcliffe Efficiency (NSE)

P
paddy field
Pareto solutions
partial purification
particle foliar flammability
Pathology
PEG
peparate
Perhydrous coal
Persian lily
Pesticide and Catalase
Phosphate adsorption
photocatalytic performance
R
regeneration
relative injury index
remediation
removal ratio
research hotspots
resorption
S
saline wastewater
salinity
Salvia halophila
saproxylic beetles
Science database
Sediment
sensors
Settler
sewage treatment
Shinella zoogloeoides sp.CPZ 56

Simulink
ski trails
Snail
soil fertilizer
soil pollution

3092
2935
3038
2850
2998
3179
3234, 3238
3221
2795
3012
3142
3083

3296
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T
taxonomy
Temporal trend
testis
Tet39
TetB
Tetracycline-HCl
the Bohai Rim region
thermal analysis
thermal desorption

2718
3280
2991
3059
3059
2928
3193
2803, 2850
3243

TiO2
titanium dioxide
total yield
Toxic Effect
Trace metal
traffic based pollution
TSP
Turkey

2825
2991
3159
2998
2900
3066
2860
2764, 2884, 3251

U
University

2877

Urbanization

3193

V
Visible light photocatalyst

2825

volcanic rocks

2842

water molecules
Water pollution index

2725
2891
3229
3280

Water quality
wellfield
Wetland

3280
3003
3092

X
xylanase

3038

W
waste streams control
Wastewater Treatment Plant

«
2-(2- benzothiazolylazo)-5-dimethyl aminobenzoic acid

2900

3297
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FEB ± GUIDE FOR AUTHORS
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 coauthors, if any, as well as- tacitly 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.
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 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 PhDworks in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.
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 link-ups
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
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.
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.
Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
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.
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.
Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in 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:

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
DOCTORALTHESIS:
3. Author, N.N. (Year) Title of the thesis, University
and
Faculty, City
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 cases reference
PXVW EH PDGH WR ³XQSXEOLVKHG ZRUN RU SHUVRQDO
communication".
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.
Corresponding author: The name of the
corresponding author with complete postal address
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
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT registration
number exists) we may be obliged to charge 7% VAT
on sales to other EU member countries.MESAEP and
SECOTOX members get a further discountof 20%
(postage/ handling full).



