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APPLICATION OF ET-RS-MEA MODEL FOR THE ASSESSMENT
ON COMPREHENSIVE URBAN ENVIRONMENTAL QUALITY
Fengling Yu1, 2, Jianhong Chen1*, Yang Zhou1*, Shan Yang1 and Yucui Gao1
1

School of Resources and Safety Engineering, Central South University, Changsha, 410083, P.R. China
2
School of Economics & Management, Wu Yi University, Jiangmen, 529020, P.R. China

ABSTRACT
Weight plays a crucial role in the process of evaluation and decision-making. In order to overcome the shortcomings of the single method of determining weights, a
method of determining weights based on entropy theory
and rough set was introduced. Considering that urban
environmental quality is a fuzzy concept with multiple
indicators, so we used a matter element analysis model. In
this paper, a comprehensive evaluation model was established by combination of the entropy theory, rough set and
matter element analysis (ET-RS-MEA). Then this new
model was applied to evaluate the urban environmental
quality of Shenzhen City of China. The results show that
as a developed city, a lot of single environmental indicators in environmental quality of Shenzhen City are in
excellent and good levels, but the value of complex indicator for environmental quality is in low level. When the
method was referenced with local urban environmental
plans for verification, the results show that the constructed
model is effective for assessing the urban environmental
quality.

plored urban soil quality [11]. Andrews et al. proposed an
assessment tool which can evaluate the impact of soil
management systems [12]. Karlen et al. presented a conceptual model to show soil quality [13]. Islam and Weil
designed replicated experiments to evaluate 13 properties
of soil quality [14]. And urbanization is increasingly expanded in the world. Based on a United Nations estimate,
61% of world’s population will live in urban areas by year
2030 [15]. But according to Schell and Ulijaszek, this
number is about 65% by the year 2025 [16]. With the
rapid development of urbanization, the urban environmental
quality plays a significant role. Although there are so many
methods to assess a certain environmental quality, there are
few comprehensive evaluation methods. So it is an urgent
problem to set up a comprehensive evaluation system to
reasonably evaluate urban environmental quality. In this
paper, a comprehensive model was put forward by combination of the entropy theory, rough set and matter element analysis (ET-RS-MEA). At last, Shenzhen City
(China) is used as a case study to show that this model
makes a good application.
2. ENTROPY THEORY

KEYWORDS: entropy theory; rough set; matter element analysis;
environmental quality; assessment

1. INTRODUCTION
As we all known, the global environmental problems
are becoming more and more serious, such as global warming in climate [1], water pollution [2-4] and so on. There
are many methods to assess a certain environmental quality. For example, Icaga [5] and Zhang et al. [6] designed a
fuzzy method for water quality evaluation. Zou et al. [7]
introduced an objective weighting method to assess water
quality. Onkal-Engin et al. used a fuzzy synthetic method
to assess urban air quality in Istanbul [8]. Seigneur et al.
presented a three-dimensional air quality modeling system
[9]. In order to investigate high air pollution, Deniz et al.
studied the ozone levels in Istanbul [10]. Santorufo ex* Corresponding author

2.1 Information entropy

The concept of entropy was first introduced into information theory in 1948 [17]. In order to differ from the
thermodynamic processes, it was defined as information
entropy. For an uncertainty system, if the random variable X = {x1 , x2 ...xn } represents status characteristics and
each value of X corresponds to the probability
P = { p1 , p2 ... pn }of occurrence of the event. Then the
information entropy of this system can be obtained as
n

follows: S = −

∑ p ln p .
i

i

This formula is called the

i =1

Shannon formula. Where S is the level of entropy or is
called entropy value. Recently, this theory is widely used
as a measurement model [18-20].
2.2 New weight with information entropy

The index weight is one of the important parts in the
evaluation, because it has a deep effect on the assessment
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results. There are usually two ways to determine index
weights. One is the subjective weighting method (such as
AHP [21]) and the other is the objective weighting method.
The subjective weight is always given by experts according
to the subjective importance of various indicators. However, the objective weighting method is based on correlations of various indicators and the degree of difference of
the index value. In a general objective method, the weight
of every indicator is determined by calculating the ratio
which is the value of every indicator at each monitoring
point over corresponding standard. But it is difficult to
calculate the multiple indicators because it is easy to ignore the relationships between evaluating objects. So the
entropy method is used in this article. The entropy-weight
method is a kind of mathematical way to get such a comprehensive indicator according to the information of each
target. The advantage of entropy-weight method is that it
can make full use of the information characteristics of the
sample data to calculate the weight coefficient of each of
the target, to overcome the subjectivity of the assessment.
The calculation of entropy method has its steps: (a) the
evaluation value of each index is normalized, (b) to calculate the entropy of certain indicators, (c) to determine the
weight values of certain indicators, (d) to calculate the
deviation of certain indicators, (e) to determine the weight
values. The specific calculation steps and formulas of
entropy method are as follows:
(1) To eliminate the differences between the indicators, we normalized the original data
their proportions

pij : pij =

xij

and calculated

xij
i =1

(2) To calculate entropy value ( S j ) of the

j th indica-

m

= −∑ pij ln pij .
i =1

(3) To calculate the value of balance degree ( E j ), we

which E j

1
,
ln m

=

then E j

m

i =1

finite and not empty (i.e. U ≠ Φ ) set of objects. A is a finite
set of attributes and

A = {a1 , a2 , a3 ,L , an }, A ≠ Φ .

V = U Va , Va is called value set of A [23]. F:
a∈A

U × A → V , F is defined as an information func-

tion ∀a ∈ A,

x ∈U , F ( x, a) ∈Va .An information sys-

tem is an abstract description of database and information,
which plays an important role in intelligent data processing.
If the data in the information system are represented by the
relation tables, then attributes correspond to the equivalence
relation. Let P ⊆ A, the relation is referred to as a Pindiscernibility relation and so can be denoted by
where

ind ( P),

referred to as a classification, which is ind ( P) in the
universe (U).
If A consists of condition and decision attributes
( A =C D, where C is a condition attribute set and D is a
decision attribute set), then an information system
S = ( U, C U D, V, F) is called a decision table.

j th indicator. For a given j, the smaller role

in the evaluation system, the closer to the completely
disordered state and S j is greater while

Definition 1: Let S = ( U, C U D, V, F) be a decision
table, where C ( U

(4) To calculate the deviation of the standard value

we define: G j

U = {x1 , x2 , x3 ,L , xn } is called universe that consists of a

= − K ∑ pij ln pij in

∈ [0, 1].

( G j ) of the

In rough set theory, the data set is collected as a table
which is called the information system. An information
system is usually defined as S = ( U, A ,V, F) , where

if ( x, y ) ∈ ind ( P) then x and y are indiscernible from
each other by P attributes [24]. U / ind ( P) is commonly

m

ij

suppose K

The rough set (RS) theory was introduced by Pawlak
in 1982 [22]. It is an important technique for the identification and recognition of common patterns in uncertain
and incomplete data. It is proved to be an excellent mathematical tool to deal imprecise data in various domains.
Some basic definitions in RS theory are given in the followings.

ind ( P) = {( x, y) ∈U ×U | ∀a ∈ P, F ( x, a) = F ( y, a)},

∑x
tor: S j

3. ROUGH SET

G j is smaller. So

{

is the decision attribute set.
The conditional entropy of D conditioned to C is defined as:

Ci 2 j Dl I Ci
2∑
Ci
i =1 U l =1
k

I (D | C) = ∑

ωj =

Gj

∑G
j =1

Definition

.

l

j

}

condition attribute and D ( U / ind ( D) = D1 , D1 ,K , D j )

=1− S j

(5) To calculate entropy weights:

/ ind (C ) = {C1 , C2 ,K , Ck }) is the

2:

Given

! Dl I Ci "
$1 −
%
Ci '
&

(1)

S = ( U, C U D, V, F) ,

∀c ∈ C , a ∈ C , x ∈U , the significance of the condition
attribute C is defined as:
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Sig (c) = I ( D | C − {c}) − I ( D | C ) + (∑ | U / {a}| −
a∈C

∑

a∈C −{c}

Definition 3: There is a decision table S and in this decision table S = ( U, C U D, V, F) , ∀c ∈ C the weight of

η (c ) =

Sig (c) + I ( D | C )
,
∑ {Sig (a) + I ( D |{a})}

a∈C

!M p
%
%
Rp = %
%
%
#%

condition attribute C is defined as:
(3)

(2)

| U / {a}|) / ∑| U / {a}|

c1

!# a p1 , bp1 "$ "
&
c2 !# a p 2 , bp 2 "$ &
&
M
M
&
&
c n !# a pn , bpn "$ $&

(5)

a∈C

where η (c) denotes weight of C.

Usually, the characteristic of the classical field is
constituted by magnitude range of all segment fields. So
the classical field of the matter element matrix can be
expressed as:

4. MATTER ELEMENT MODEL
AND COMBINED WEIGHT
In our daily life and social practice, if using the usual
method, the problem can not achieve the expected purpose, then this problem is called the incompatible problem. Matter element theory is the emerging discipline to
study and solve rules and methods of incompatible problems. Matter element theory was first introduced by the
Chinese mathematician Cai Wen [25, 26]. Now, matter
element theory has been applied not only to mathematics
but to a number of other disciplines [27-29]. The matter
element model is composed of objects, characteristics and
values based on certain characteristics. If an object is
named M, with a value v and characteristic c, then the
basic element describing such object is equation R=
(M,c,v). If the v in a matter is fuzzy, then the matter is a
fuzzy matter. If M has n characteristics c1, c 2 , ...c n with
fuzzy value v1 , v2 ,...vn

then R is n dimension

matter element. Based on the matter element theory, the
matter element description for the object M can be expressed as:

&M
$
R=$
$
$
$%

c1 v1 # & R1 #
c2 v2 !! $ R 2 !
=$ !
 ! $  !
! $ !
c n vn !" % R n "

&M B
$
RB = $
$
$
$%

c1
c2

cn

[aB1 ,
[aB 2 ,

bB1 ]#
bB 2 ]!!
!

[aBn , bBn ]!!"

(6)

For the study area, we try to establish the matrix
( R 0 ) of the matter-element for evaluation objects.

& M 0 c1 v1 #
$
c2 v2 !!
R0 = $
$
 !
$
!
c n vn !"
%$

(7)

In order to make the incompatible problem quantification, we introduce correlation function. Suppose an
interval

xij = bij − aij

then the modulus of the

interval is defined as:

| xij |=| bij − aij |

(8)

(4)
The distance from the point xi to the interval xij is
defined as:

1
2

1
2

ρ ( xi , xij ) =| xi − (aij + bij ) | − (bij − aij )

In which R is the composite matter element of n dimensions, M is the matter. C j is the j th characteristic , j
=1,2 ,...,n.

(9)

The distance from the point xi to the interval x pi is

Suppose that there are m categories in the object M = {M 1 , M 2 , , M j, , M m } and
vj

defined as:

ranged from a pj to b pj , the segmented field of matter
element can be as follows:
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(10)

Then the correlation function k j ( xi ) is defined as:
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ρ ( xi , xij )
$
−
,
if xi ∈ xij
!
| xij |
!
k j ( xi ) = #
ρ ( xi , xij )
!
, if xi ∉ xij
!" ρ ( xi , x pi ) − ρ ( xi , xij )

evaluation result has the largest comprehensive degree of
correlation with this level.
(11)
5. CASE STUDY

Although entropy weight and weight of attributes in
RS theory are objective weights, each has its advantage.
Entropy weight has high precision and can be widely used
in many evaluations. Weight of attributes in RS theory
has huge advantages in dealing with uncertain and incomplete data. In order to make full use of their advantages,
we construct the following combined weights.

µj =

ω jη j

(12)

n

∑ω η
j

j

j =1

ω j denotes the entropy weight of the j th indicator and η j denotes the attribute weight of the j th
indicator in RS theory and µ j is combined weight the
Where

j th indicator. Combing with combined weights and correlation function, the comprehensive degree of correlation
can be calculated as:
n

β j = ∑ µi k j ( xi )

(13)

i =1

Where

µi denotes combined weight and k j ( xi ) is

the correlation function. As far as the value of β j is concerned, the larger means the better. Through calculation,
the level which has the largest value of β j means that the

5.1 An indicator system for the environmental quality in
Shenzhen city

Shenzhen is an important and key city in the Guangzhou province of China. Based on bulletin of the environmental quality status in Shenzhen city from 2005 to
2012 (Shenzhen Statistical Bureau), we can design an
indicator system for this city. The indicator selection of
the environmental quality should embody scientificity,
objectivity, measurability, comparability and accessibility
and so on. According to this rule, 16 indicators are selected (See Table 1). According to some environmental quality standards (such as environmental quality standard for
noise (GB30962008), environmental quality standards for
surface water (GB3838-2002), Ambient air quality standards (GB 3095-2012) and combined with the values of
indicators of the comprehensive level (from Environmental Quality Communique) in multiple cities of China,
classification standards of environmental quality evaluation are divided into four levels. They are I, II, III and IV
level respectively. I means excellent, II represents good,
III is moderate and IV represents bad.
5.2 Calculate entropy value, the value of balance degree and
entropy weight of each indicator

According to the information entropy theory, the entropy value of each indicator and the value of balance
degree ( E j ) of each indicator are shown in Table 2
through calculation. Meanwhile, the deviations of the
standard value and entropy weights of environmental
quality evaluation have been also presented (Table 3).

TABLE 1 - Index and classification standard for environmental quality evaluation
level

Index
The Inhalable Particles PM10 (X1) (mg/m3)
Amount of SO2 (X2) (mg/m3)
Amount of NO2 (X3)
Up-to-Standard Rate of Drinking Water Quality (X4) (%)
Urban Noise (X5) (dB)
Rate of Treatment of City Living Waste Water (X6) (%)
Rate of Living Garbage Harmless Disposal (X7) (%)
Percentage of Industrial Waste Water up to the Standard for Discharge (X8) (%)
Volume of Industrial SO2 Emission (X9) ( 1 000 tons)
Percentage of Industrial up to SO2 the Standards for Discharge (X10) (%)
Volume of Industrial Soot Emission (X11) (100 tons)
Volume of Industrial Dust Emission (X12) (100 tons)
Percentage of Industrial Dust Emission up to the Standards for Discharge (X13) (%)
Volume of Industrial Solid Wastes Produced (X14)( 10000 tons)
Percentage of Wastes Utilized in Industrial Solid Wastes treatment (X15) (%)
Percentage of Investment in Environment to GDP (X16) (%)

1738

I

II

III

IV

0.04
0.02
0.02
99
45
90
95
99
30
99
10
1
99
100
99
5

0.10
0.05
0.05
95
50
85
90
95
35
95
30
5
95
125
95
3

0.15
0.15
0.10
90
55
80
85
90
40
90
50
10
90
150
90
2

0.25
0.25
0.15
85
60
70
80
85
45
80
70
15
85
200
85
1
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TABLE 2 - Index value and information entropy for environmental quality evaluation
Index
The Inhalable Particles (X1) (mg/m3)
Amount of SO2 (X2) (mg/m3)
Amount of NO2 (X3) (mg/m3)
Up-to-Standard Rate of Drinking Water Quality (X4) (%)
Urban-Noise(X5)( dB)
Rate of Treatment of City Living Waste Water (X6) (%)
Rate of Living Garbage Harmless Disposal (X7) (%)
Percentage of Industrial Waste Water up to the Standard for
Discharge (X8) (%)
Volume of Industrial SO2 Emission (X9) (ton)
Percentage of Industrial up to SO2 the Standards for Discharge (X10) (%)

2005
0.064
0.021
0.039
98.11
56.2
60.5
90.03

2006
0.064
0.030
0.053
98.07
56.5
65.23
93.72

2007
0.064
0.023
0.054
98.86
56.5
70.45
94.05

2008
0.063
0.016
0.047
99.87
56.4
75.03
94.17

2009
0.057
0.013
0.042
100
56.8
80.17
94.3

2010
0.057
0.011
0.045
100
56.7
88.81
94.6

S
1.79039
1.73471
1.78499
1.79172
1.79175
1.78364
1.79162

E
0.99923
0.96813
0.9962
0.99999
0.99999
0.99547
0.99992

96.84

96.25

96.3

94.66

96.32

96.39

1.79173

0.99999

43453

42380

37 957

33849.9

31946.7

32641.5

1.78417

0.99577

99.7

99.6

99.79

99.31

99.27

99.31

1.79175

0.99999

Volume of Industrial Soot Emission (X11) (ton)

6367

4009

3153

2987.57

2449.98

912.27

1.66387

0.92863

Volume of Industrial Dust Emission (X12) (ton)
Percentage of Industrial Dust Emission up to the Standards
for Discharge (X13) (%)
Volume of Industrial Solid Wastes Produced (X14) (104 tons)
Percentage of Wastes Utilized in Industrial Solid Wastes
treatment (X15) (%)
Percentage of Investment in Environment to GDP (X16) (%)

101

19.65

108.96

1056.69

1056.62

758.23

1.33932

0.74749

99

99.5

90.82

100

100

100

1.79117

0.99967

85.39

107.35

161.82

141.58

139.45

146.44

1.77097

0.98839

98.65

97.98

98.96

99.14

99.89

99.82

1.79174

0.99999

2.35

2.75

2.86

2.8

2.85

2.87

1.78948

0.99873

TABLE 3 - Deviations of the standard value and entropy weights
Index

Gj
ωj
Index

Gj
ωj

X1
0.00077

X2
0.03187

X3
0.0038

X4
0.000001

X5
0.000001

X6
0.00453

X7
0.00008

X8
0.000001

0.002013

0.083338

0.009937

0.000026

0.000026

0.011846

0.000209

0.000026

X9
0.00423

X10
0.000001

X11
0.07137

X12
0.25251

X13
0.00033

X14
0.01161

X15
0.000001

X16
0.00127

0.011061

0.000026

0.186627

0.660295

0.000863

0.030359

0.000026

0.003321

TABLE 4 - A decision table of environmental quality indexes
U
1
2
3
4
5
6

X1
2
2
2
2
2
2

X2
2
2
2
1
1
1

X3
2
3
3
2
2
2

X4
2
2
2
1
1
1

X5
4
4
4
4
4
4

X6
4
4
4
4
3
2

X7
2
2
2
2
2
2

X8
2
2
2
3
2
2

X9
3
3
3
2
2
2

X10
1
1
1
1
1
1

5.3 The establishment of a decision table, the significance of
attributes and weights

Suppose 2005-2010 years be a universe U. The year
of 2005 is represented with the number 1 and the year of
2006 is represented with the number 2. The rest years are
followed by analogical way. So we can get a decision
attribute set U = {1, 2,3, 4,5, 6}. The condition attributes

X11
4
3
3
2
2
1

X12
2
1
2
4
4
3

X13
1
1
3
1
1
1

X14
1
2
4
3
3
3

X15
2
2
2
1
1
1

X16
2
2
2
2
2
2

D
2.25
2.25
2.56
2.19
2.06
1.88

are composed of 16 evaluation indexes. The average values of each year’s indexes from the condition attributes is
calculated as decision attributes. Thus a decision table
was obtained (See Table 4).
From Table 4, some classifications can be obtained as
follows:

U / {X1 , X 2 , L , X16 } = {{1},{2},{3},{4},{5},{6}}; U / {X 2 , X 3 , L , X16 } = {{1},{2},{3},{4},{5},{6}}
U / {X1 , X 2 , X 4 , L , X16 } = {{1},{2},{3},{4},{5},{6}}; L ; U / {X1, X 2 , L , X15 } = {{1},{2},{3},{4},{5},{6}}
U /{X
U 2},{3},{4},{5},{6}
/{X5} = U /{X7 } = U
/ D 1=} {={1,
};/{X10} = U /{X16} = {{1},{2},{3},{4},{5},{6}}
U /{X2} = U /{X4} = U /{X9} = U /{X15} = {{1, 2,3},{4,5,6}};
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U /{X3} = {{1, 4,5,6},{2,3}}; U / {X6 } = {{1, 2,3, 4},{5},{6}}; U /{X8} = {{1, 2,3,5,6},{4}};
U /{X11} = {{1},{2,3},{4,5},{6}}; U / {X12 } = {{1,3},{2},{4,5},{6}}; U /{X13} = {{1, 2, 4,5,6},{3}};
U /{X14 } = {{1},{2},{3},{4,5,6}};
Using equation (1), some conditional entropies can be
calculated.
the conditional entropy of D conditioned to
C: I ( D | C )

the conditional entropy of D conditioned to
C − Xi : I ( D | C − {X1}).

{ }

Ci 2 j Dl I Ci
2∑
Ci
i =1 U l =1
k

I (D | C) = ∑

the conditional entropy of D conditioned to

{Xi },(i = 1, 2,L ,16) :
I ( D | {Xi }) = 0,(i = 1, 2,L

! Dl I Ci "
$1 −
%
Ci '
&

,16)

2

2

2

2

2

2

# 1 $ !1 # 1 $ 0 # 0 $ 0 # 0 $ 0 # 0 $ 0 # 0 $ " # 1 $ !1 # 1 $ 0 # 0 $ 0 # 0 $ 0 # 0 $ 0 # 0 $ "
= & ' ( &1 − ' + &1 − ' + &1 − ' + &1 − ' + &1 − ' ) + & ' ( &1 − ' + & 1 − ' + & 1 − ' + & 1 − ' + & 1 − ' )
* 6 + ,1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + - * 6 + ,1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + # 1 $ ! 0 # 0 $ 1 # 1 $ 0 # 0 $ 0 # 0 $ 0 # 0 $" # 1 $ ! 0 # 0 $ 0 # 0 $ 1 # 1 $ 0 # 0 $ 0 # 0 $"
+ & ' ( &1 − ' + &1 − ' + &1 − ' + &1 − ' + &1 − ' ) + & ' ( & 1 − ' + & 1 − ' + & 1 − ' + & 1 − ' + & 1 − ' )
* 6 + , 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 +- * 6 + , 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 +# 1 $ ! 0 # 0 $ 0 # 0 $ 0 # 0 $ 1 # 1 $ 0 # 0 $" # 1 $ ! 0 # 0 $ 0 # 0 $ 0 # 0 $ 0 # 0 $ 1 # 1 $"
+ & ' ( &1 − ' + &1 − ' + &1 − ' + &1 − ' + &1 − ' ) + & ' ( &1 − ' + &1 − ' + &1 − ' + &1 − ' + &1 − ' ) = 0
* 6 + , 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 +- * 6 + , 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 + 1 * 1 +-

Similar processes can be calculated as follows:

I ( D | C − {X1}) = I ( D | C − {X2 }) = L = I ( D | C − {X16 }) = 0 I ( D | {Xi }) = 0,(i = 1, 2,L ,16)
By the above classifications, the following results can
be acquired through some calculations.

| U /{X1}|=| U /{X5}|=| U /{X10}|=| U /{X16}|= 1 | U /{X6}|= 3;
| U /{X11}|=| U /{X12}|=| U /{X14}|= 4

| U /{X2 }|=| U /{X3}|=| U /{X 4}|=| U /{X8}|=| U /{X9}|=| U /{X13}|=| U /{X15 }|= 2
Using equation (2), the significance of the condition
attribute C can be obtained.

Sig (X1 ) = Sig (X2 ) = L = Sig (X16 ) = 0
At last, we got the weight of attributes using equation (3). (See Table 5)

5.4 Determine matter element matrix

According to four levels of environmental quality
standards, classical fields ( R1 - R4 ) and a segmented
field ( R p ) are to be determined. Usually, the segmented
field is the sum of the classical field values. The specific
value of the matter-element evaluation matrix ( R 0 ) can
be obtained through Table 2. In order to assess the recent

TABLE 5 - Attribute weights of environmental quality indexes

η
η

X1
1/34
X9
1/17

X2
1/17
X10
1/34

X3
1/17
X11
2/17

X4
1/17
X12
2/17

X5
1/34
X13
1/17
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X6
3/34
X14
2/17

X7
1/34
X15
1/17

X8
1/17
X16
1/34
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environmental quality of Shenzhen, we select data in 2010
as references. According to some environmental quality
&I
$
$
$
$
$
$
$
$
$
$
$
R1 = $
$
$
$
$
$
$
$
$
$
$
$
%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

[0,0.04 ]#
& II
[0,0.02]!!
$
$
[0,0.02]!
$
!
[99,100]!
$
$
!
[0,45]
$
!
$
[90,100]!
$
[95,100]!!
$
$
[99,100]!
$
[0,30] !! R 2 = $
$
[99,100]!
$
$
[0,10] !!
$
[0,1] !
$
!
$
[99,100]!
$
!
$
[0,100]
!
$
[99,100]! , $
!
$
[3,5) "
%

& III

(0.04,0.10]#
$
$
(0.02,0.05]!!
$
(0.02,0.05]!
$
$
[95,99 ) !!
$
(45,50] !
$
!
$
[85,90 ) !
$
[90,95) !!
$
[95,99 ) ! R 3 = $$
!
(30,35] !
$
$
[95,99 ) !
$
(10,30] !!
$
$
(1,5] !
$
!
[95,99 ) !
$
$
!
(100,125]
$
!
[95,99 ) !
$
$
!
[2,3) "
%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

standards in many cities of China, classical fields and the
segmented field can be obtained as follows:

(0.10,0.15]#
& IV
(0.05,0.15]!!
$
$
(0.05,0.10]!
$
$
[90,95) !!
$
(50,55] !
$
!
$
[80,85) !
$
[85,90 ) !!
$
$
[90,95) !
$
(35,40] !! R 4 = $
$
[90,95) !
$
$
(30,50] !!
$
(5,10] !
$
!
$
[90,95) !
$
!
$
(125,150]
!
$
[90,95) !
$
!
$
[1,2) "
%

According to formulas (8), (9), (10) and (11), the correlation function of each indicator for Shenzhen environmental quality evaluation with each level is calculated
(See Table 6). According to matte element theory, when
the value of the correlation function meets the condition 0 ≤ k j ( xi ) ≤ 1, it means evaluation objects meet the
requirements of the evaluation standards. And if the value
is bigger, then it is closer to the upper limit of standard
value. It can be seen from Table 6 that there is always a
nonnegative value to each indicator for 4 evaluation lev-

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

(0.15,0.25]#
(0.15,0.25]!!
(0.10,0.15]!
[85,90 ) !!
(55,60] !
!
[70,80 ) !
[80,85) !!
[85,90 ) !
(40,45] !!
[80,90 ) !
(50,70] !!
(10,15] !
[85,90 ) !!
(150,200] !
!
[85,90 ) !
[0,1) !"

&p
$
$
$
$
$
$
$
$
$
$
$
R p= $
$
$
$
$
$
$
$
$
$
$
$
%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

[0,0.25]#
&
$
[0,0.25]!!
$
[0,0.15]!
$
!
$
[85,100]!
$
[0,60] !
$
!
$
[70,100]!
$
$
[80,100]!!
$
[85,100]!
$
R0 = $
!
[0,45] !
$
[80,100]!
$
!
$
[0,70] !
$
$
[0,15] !
!
$
[85,100]!
$
!
$
[0,200]
!
$
[85,100]!
$
!
$
[0,5] "
%

X1
X2
X3
X4
X5
X6
X7
X8
X9
X 10
X 11
X 12
X 13
X 14
X 15
X 16

0.057 #
0.011 !!
0.045 !
!
100 !
56.7 !
!
88.81 !
94.6 !
!
96.39 !
32.6415!
!
99.31 !
!
9.1227 !
7.5823 !
!
100 !
146.44 !
!
99.82 !
2.87 !"

els. This means that each indicator will belong to a certain
level without exception. Results reveal that the vast majority of indicators are in excellent and good except that
X12 and X14 are both in moderate as well as X5 is in bad.
According to equations (12) and (13), the comprehensive
degrees of correlation are calculated in Table 6. We can
see that comprehensive environmental quality of Shenzhen city is still in moderate (comprehensive index
β j = −0.17647, i.e.β j ∈ III ) and need to further improve the
environmental quality.

TABLE 6 - Correlation function of each indicator for Shenzhen environmental quality evaluation with each level
Index

Kj(xi)

I

II

III

IV

X1

Kj(x1)

-0.230

0.283

-0.430

-0.620

X2

Kj(x2)

0.450

-0.474

-0.796

-1.033

X3

Kj(x3)

-0.357

0.167

-0.100

-0.550

X4

Kj(x4)

0.000

-1.000

-1.000

-1.000

X5

Kj(x5)

-0.780

-0.670

-0.340

0.340

X6

Kj(x6)

-0.096

0.238

-3.812

-0.440

X7

Kj(x7)

0.069

0.080

-0.460

-0.640

X8

Kj(x8)

-0.420

0.348

-0.278

-0.639

X9

Kj(x9)

0.176

0.472

-0.160

-0.373

X10

Kj(x10)

0.310

-0.310

-0.862

-0.931

X11

Kj(x11)

0.088

-0.088

-0.696

-0.818

X12

Kj(x12)

-0.470

-0.258

0.484

-0.246

X13

Kj(x13)

0.000

-1.000

-1.000

-1.000

X14

Kj(x14)

-0.464

-0.286

0.142

-0.062

X15

Kj(x15)

0.180

-0.820

-0.964

-0.982

Kj(x16)

-0.058

0.130

-0.290

-0.468

-0.25773

-0.37538

-0.17647

-0.53490

X16

βj

16

∑ µ k (x )
i

i =1

j

i
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6. CONCLUSIONS
For the urban environmental assessment, there are
few comprehensive evaluation methods. Because there
are usually so many indicators for a comprehensive evaluation, determining the weight is not a trivial matter in various evaluations. On the contrary, it is a crucial problem
that how to decide index weights of environmental quality
evaluations reasonably. Attribute weighting is an important approach in management decisions and evaluations. It shows the biggest advantage in dealing with uncertain and incomplete data. Considering that urban environmental quality is a fuzzy concept with multiple indicators and in-complete data, three methods are combined to
be used to the urban environmental quality assessment. By
using their advantages of entropy weights and attribute
weights, the weight of each indicator has been calculated
precisely and objectively. This is a new way to improve
the evaluation accuracy. Meanwhile, this method can be
used to comprehensive environmental quality assessment.
According to Environmental Quality Communique for
Shenzhen, it is shown that this method is an effective to
assess environmental quality and this has provided a new
method with which to solve similar problems. As the next
step, we may be able to enhance the workability of indicators system through the optimization analysis and to utilize enhanced weights theory and matter-element theory
to assess more problems.
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AFLATOXIN B1 PRODUCTION BY ASPERGILLUS SECTION
NIGRI STRAINS ISOLATED FROM GREEK DRIED VINE FRUITS
AND COMPETITION WITH ASPERGILLUS PARASITICUS
Maria Tavoulari1, Alexandros Kanapitsas1, Ioanna Pyrri2, Evangelia Kapsanaki-Gotsi2 and Panagiota Markaki1,*
1

Department of Food Chemistry, Faculty of Chemistry, National and
Kapodistrian University of Athens, Panepistimiopolis Zografou 15784 Athens, Greece
2

Department of Ecology and Systematics, Faculty of Biology, National and Kapodistrian University of Athens, Athens, Greece

ABSTRACT
Aflatoxin B1 (AFB1) represents one of the most important food toxicants. The most important aflatoxin producers are Aspergillus flavus and A. parasiticus. Strains
identified as Aspergillus section Nigri were isolated from
dried vine fruits originating from Corinthos (1 strain) and
Crete (3 strains). In this study, the effect of Aspergillus
section Nigri strains on growth and AFB1 production by
A. parasiticus was investigated during 18 days of incubation in liquid Yeast Extract Sucrose medium.
It was found, that Aspergillus section Nigri strains produced AFB1, even at low levels. On the 12th day of incubation, which was the day of AFB1 maximum production for
the four strains, the AFB1 levels were 98.3 - 99.9 % less
than those recorded for Aspergillus parasiticus, on the same
day. The AFB1 production by the strain of A. parasiticus on
the 12th day of incubation was reduced by 97.5 % when cocultured with the strain of Aspergillus section Nigri from
Corinthian dried vine fruit, whereas it was reduced by
99.9 % when co-cultured with the three strains from Cretan dried vine fruits. These findings indicate that the presence of Aspergillus section Nigri strains may inhibit almost completely the AFB1 production by A. parasiticus.

KEYWORDS: Aflatoxin B1, Aspergillus parasiticus, Aspergillus
section Nigri, competition, HPLC

ing humans [2]. Aflatoxin B1 (AFB1) exhibits hepatocarcinogenic and hepatotoxic properties, and is referred to as
the most potent naturally occurring carcinogen [3]. The
most important aflatoxin producers are members of Aspergillus (A) section Flavi, especially A. flavus and A.
parasiticus.
The presence of mycotoxins in food products and the
amounts produced depend entirely on the ecological and
processing parameters of the foodstuff [4]. Besides, the
presence of other micro-organisms is very influential on
both the occurrence of the fungal species and their mycotoxigenic properties. It was shown that in mixed fungal
populations competition for carbon sources, inhibition of
aflatoxin B1 biosynthesis, as well as aflatoxin B1 degradation by non-producer strains may occur simultaneously,
with the complete reduction of aflatoxin B1 accumulation
[5, 6].
Moreover, black aspergilli, which encompass species
belonging to Aspergillus section Nigri, are worldwide dispersed and have a significant impact on contemporary world.
A. niger is Generally Recognized As Safe (GRAS) for use in
certain industrial production processes by the Food and Drug
Administration [7]. Furthermore, it is also among the most
common fungi isolated from dried fruits, etc. [1].
The purpose of this study was to investigate the potential of the four strains isolated from two different substrates of dried vine fruits of Greek origin to produce AFB1.
In addition, the effect of several co-cultures of the A. section Nigri strains with the aflatoxigenic A. parasiticus on
the AFB1 production was investigated.
2. MATERIALS AND METHODS

1. INTRODUCTION

2.1 Strains and culture conditions

Aflatoxins are the most potent natural carcinogens
known [1], affecting all vertebrate animal species, includ* Corresponding author

Strains of Aspergillus section Nigri were isolated from
dried vine fruits which originated from Corinthos (1 strain)
and from Crete (3 strains). The strains were incubated for
7 days at 30 °C on slopes of Czapek Dox agar (CZA), and
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were maintained at 5 °C on the same medium. The strains
of Aspergillus were identified according to their morphological characteristics. The fungal isolates are maintained
as reference material and have been deposited at the
ATHUM Culture Collection of Fungi, in the Mycetotheca
of the University of Athens (Fig. 1). The aflatoxigenic
strain of A. parasiticus Speare (IMI 283883) used throughout this study as control was obtained from the International Mycological Institute (Engham, Surrey, UK).
2.2 Apparatus

A laminar flow (Telestar Bio II A, Madrid, Spain), an
autoclave, Selecta-Autester-E Dry (PBI Milano, Italy), an
incubator WTB Binder (Tuttlingen, Germany) and a centrifuge Sorvall RC-5B (HS-4) (Norwalk, USA) were used
in this study. HPLC was performed on a Hewlett-Packard
1050 Liquid Chromatograph (pump and injection system
(Waldbronn, Germany) with a JASCO FP-920 fluorescence detector (Jasco, Japan) and an HP 3395 integrator.
The HPLC column was a C18 Nova-Pak (60 Ao, 4 µm 4.6
× 250 mm) (Millipore, Milford, MA). The mobile phase
(water/acetonitrile/methanol 20/4/3, v/v/v) for AFB1 determination was filtered through Millipore HVLP (0.45 µm)
filters before use. Detection of the AFB1 hemiacetal derivative (AFB2a) was carried out at λex 365 nm and λem
425 nm. The flow-rate was 1 ml/min, and the retention
time was 15.16 (±1.3) min for AFB2a.
2.3 Reagents

AFB1 standard was purchased from Sigma-Aldrich (St.
Louis, Missouri, USA). The Millipore filters and the C18
Nova-Pak HPLC column were from Millipore. The Aflatest
immunoaffinity columns were obtained from Vicam (Watertown, MA, USA). All reagents used were of analytical grade
(Sigma Aldrich) while HPLC solvents were of HPLC grade
and purchased from Fisher Scientific (Leicestershire, UK),
and trifluoroacetic acid was from Fluka (Steinheim, The
Netherlands).
2.4 Media

Aspergillus flavus and parasiticus agar (AFPA) was
prepared by dissolving 4 g of yeast extract (Oxoid, Basingstoke, Hampshire, UK), 2 g of bacteriological peptone
(Oxoid), 0.1 g of ferric ammonium citrate (Merck, Germany), 0.2 ml of Dichloran 0.2% in ethanol (Fluka Steinheim, The Netherlands), 0.02 g of chloramphenicol (Oxoid),
and 3 g of agar (Oxoid) in 200 ml of distilled water, final pH
6.0–6.5. Czapek Dox agar (CZA) was prepared by dissolving 0.4 g of sodium nitrite (Merck), 0.1 g of potassium
chloride (Merck), 0.1 g of magnesium sulfate (Merck),
0.002 g of ferric sulfate (Merck), 0.2 g of dipotassium
phosphate (Merck), 6 g of sucrose (Merck), 3 g of agar
(Merck), 0.002 g of zinc sulfate (Merck), and 0.001 g of
copper sulfate (Merck) in 200 ml of distilled water, final pH
6.0–6.5 [8]. Yeast extract sucrose (YES) broth was prepared
by dissolving 2 g of yeast extract and 15 g of sucrose in
100 ml distilled water, final pH 6.0-6.5 [9].

2.5 Preparation of spore inoculum

A. parasiticus Speare (IMI 283883) was used throughout this study as control. An inoculum was obtained by
growing the mould on CZA, which was maintained at 5 °C.
Spore inoculum was prepared by growing A. parasiticus
on CZA for 7 days at 30 °C, and spores were harvested
aseptically using 10 ml of sterile 0.01% v/v Tween 80
solution. Aflatoxin B1 carried over from the initial growth
was minimized by centrifuging the spore suspension
(1,000g for 10 min) and re-suspending the biomass in
10 ml of sterile Tween 80 solution twice. Dilutions (101,
102, 103, and 104) from the initial spore suspension in
sterile tubes containing 10 ml of Tween 80 (0.05%, v/v)
were prepared [8]. The spore concentration was determined by the spread plate surface count technique using
0.1 ml of each dilution on four AFPA plates after incubation at 30 °C for 48 h. For obtaining an inoculum containing 102 conidia, plates with 10–100 colony-forming units
(cfu) were selected, and the desired 102 spore quantity used
in the present study was estimated. The quantity of 102
spores flask-1 was chosen as it was the minimum concentration found in the literature producing detectable amounts
of AFB1 by Aspergillus [10]. The same procedure was
carried out for the four strains of section Nigri used in the
present study.
2.6 Experimental design

In the present study the following eight groups of cultures were examined:
1. Control = Aspergillus parasiticus IMI283883; 2.
ATHUM 6998 = Aspergillus section Nigri isolated from
dried vine fruits originated from Crete; 3. ATHUM 6999 =
Aspergillus section Nigri isolated from dried vine fruits
originated from Crete; 4. ATHUM 7000 =Aspergillus section Nigri isolated from dried vine fruits originated from
Crete; 5. ATHUM 6997 =Aspergillus section Nigri isolated
from Corinthian dried vine fruits; 6. Co-culture of strains
ATHUM 6998, 6999 and 7000; 7. Co-culture of strains
6998, 6999, 7000 and A. parasiticus; 8. Co-culture of strain
ATHUM 6997 with A.parasiticus. The macromorphology
of the four strains section Nigri is shown in Fig. 1.
2.7 Inoculation

For each day of observation, 24 flasks containing 10 ml
of YES medium were inoculated with 100 conidia from
each of the first five groups mentioned above, 300 conidia
from group 6 (100 conidia from each strain), 400 from
group 7 (100 conidia from each strain), and 200 from
group 8 (100 conidia from each strain). In this study, three
flasks/group for each day of incubation were used.
All flasks were incubated under stationary conditions
at 30 °C. Immediately after autoclaving for 30 min at 115 °C
as it is suggested for safety reasons [11], the mycelial
growth and the AFB1 content of each flask were measured.
The mycelial growth was determined and AFB1 was assayed on days 0, 3, 7, 9, 12, 15 and 18 of incubation. The
experiment was repeated in triplicate.

1745

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

Aspergillus strain ATHUM 6998

Aspergillus strain ATHUM 6999

Aspergillus strain ATHUM 7000

Aspergillus strain ATHUM 6997
FIGURE 1 - Colony characteristics of the Aspergillus strains ATHUM 6998, 6999, 7000 and 6997 in the obverse (left) and in reverse (right).
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2.8 AFB1 determination

The content of each flask (containing YES medium
and the mycelium) was mixed with 30 ml of methanol and
shaken well for 10 min. After filtration, an aliquot of 1 ml
was mixed with 10 ml of distilled water. The mixture was
transferred onto an Aflatest immunoaffinity column.
AFB1 was eluted with 2 ml of acetonitrile. The method is
described in details by Daradimos et al. 2000 [12].
2.9 Derivatization and HPLC analysis

A derivative of AFB1 (AFB2a, hemiacetal of AFB1)
was prepared by adding 200 µl οf hexane and 200 µl of
trifluoroacetic acid to the evaporated solution of AFB1
eluate, heating at 40 °C in a water-bath for 10 min, evaporating to dryness, re-dissolving in 200-500 µl with water/acetonitrile (9/1), and analyzing by HPLC (volume
injected = 40 µl). AFB2a shows enhanced fluorescence
compared to AFB1 [13] (Fig. 4).
2.10 Determination of mycelial mass in YES medium

After cooling, mycelia were filtered through filters
that were previously dried (24 h at 80 °C) and weighed.
The mycelium was washed with distilled water and allowed to dry for 24 h at 80 °C. The dry weight of the
mycelium was then measured.
3. RESULTS
The analytical protocol for AFB1 determination in
YES medium was previously in-house characterized in
detail by Leontopoulos et al. 2003 [14]. The method used
demonstrates a recovery factor of 95.3% (RSD = 9.6%)
and detection limit of 0.02 ng AFB1/ml of YES.

3.1 Mycelial growth and AFB1 production by Aspergillus
section Nigri strains in YES medium

Mycelial growth was observed in all strains examined: i) Aspergillus parasiticus; ii) the four strains of
Aspergillus section Nigri (ATHUM 6998, 6999, 7000 and
6997) which were cultured separately; iii) the combination of the three strains ATHUM 6998, 6999 and 7000;
iv) the combination of strain ATHUM 6997 isolated from
Corinthian dried vine fruits and A. parasiticus; and v) the
combination of the strains, ATHUM 6998, 6999 and 7000
with A. parasiticus. The maximum mycelial growth of all
groups was observed on the 9th day and ranged from 0.200.26 g/flask. Statistical analysis, using one-way Anova
applied to all groups of cultures, showed that Fexp = 0.47
was lower than the Ftheor = 2.10 for df 7, 48. Therefore,
under the same conditions, the variation of mycelial
growth among all groups of strains (either combined or by
itself) has no significant difference, during the whole
period of incubation (18 days). Furthermore, it was found
that mycelial growth of all groups of strains was not significantly different, compared to control (A. parasiticus
alone) during the whole period of incubation (Fig. 2).
All cultures of Aspergillus section Nigri strains produced AFB1 at low levels in YES medium. Maximum
production was observed on 12th day of observation
(0.064-1.09 µg AFB1/flask) for all Aspergillus strains
ATHUM 6998, 6999, 7000 and 6997. On the other hand,
AFB1 production by A. parasiticus continued until the last
day of incubation (18th day). On the same day of observation (12th), AFB1 production by A. parasiticus was measured to be 63.21 µg/flask (Table 1, Fig. 3).
Furthermore, the following strain combinations of i)
ATHUM 6998, 6999 and 7000 section Nigri, ii) the A. para-

FIGURE 2 - Mycelial growth of Aspergillus section Nigri strains isolated from dried vine fruits originating from Corinth (ATHUM 6997) and
Crete (ATHUM 6998, 6999, 7000) on YES medium (The mycelial growth of the strains growing either separately or in combination is not
statistically different against control (A. parasiticus)).
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TABLE 1 - Aflatoxin B1 production (µg/flask containing 10 ml YES medium) by Aspergillus section Nigri strains isolated from dried vine
fruits of Greek origin, and AFB1 production by A. parasiticus.
AFB1 production
µg/flask (±SD)
Strains
Days
0

A .parasiticus (Control)

ATHUM 6998a

ATHUM 6999b

ATHUM 7000c

ATHUM 6997d

0.002(±0.0006)

0.041(±0.003)

0.010(±0.003)

N.D.e

N.D. e

e

3

16.08(±1.82)

0.11(±0.01)

0.22(±0.035)

N.D.

7

39.04(±0.31)

0.55(±0.05)

0.55(±0.032)

0.008(±0.002)

0.011(±0.003)
0.08(±0.014)

9

47.06(±6.67)

0.68(±0.06)

0.58(±0.025)

0.051(±0.006)

0.11(±0.012)

12

63.21(±0.27)

1.09(±0.14)

0.64(±0.032)

0.064(±0.003)

0.14(±0.030)

15

77.79(±1.68)

0.97(±0.10)

0.55(±0.130)

0.061(±0.006)

0.13(±0.020)

18

86.43(±3.36)

0.51(±0.10)

0.51(±0.123)

0.053(±0.009)

0.10(±0.015)

a

Aspergillus sp. isolated from dried vine fruits originating from Crete; b Aspergillus sp. isolated from dried vine fruits originated from Crete; c Aspergillus sp. isolated from dried vine fruits originated from Crete; d Aspergillus sp. isolated from Corinthian dried vine fruits; e non-detectable

FIGURE 3 - AFB1 production on YES medium by strains section Nigri (ATHUM 6997) isolated from dried vine fruits originated from Corinth, strains section Nigri (ATHUM 6998, 6999, 7000) isolated from Crete and co-cultures of strains; growing was reduced from 97.57 –
99.98% compared to A. parasiticus on the 12th day of incubation).

siticus with the strain ATHUM 6997, and finally, iii) A.
parasiticus with the strains ATHUM 6998, 6999 and
7000, were able to grow, and AFB1 production was observed at low levels. AFB1 maximum production was
observed on the 15th day of incubation (0.018, 1.59 and
0.008 µg/flask, respectively, for each case). Aflatoxin B1
production by A. parasiticus on the 15th day was 77.79
µg/flask (Table 2).
The statistical analysis using one-way Anova was applied to all kind of cultures, and showed that Fexp = 15.35

was higher than the Ftheor = 2.10 for df 7, 48. Therefore,
under the same conditions, the variation of AFB1 production between the groups of strains was statistically different at the 0.05 level, during the whole period of incubation (18 days).
Furthermore, a t-test of AFB1 production by A. parasiticus co-cultured with i) the strain ATHUM 6997, ii) with
the three strains ATHUM 6998, 6999 and 7000 simultaneously, was statistically lower (Fexp 3.95> ttheor 2.45, texp
3.94> ttheor 2.45, df = 6, P<0.05, respectively) compared to
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AFB1 production by A. parasiticus cultured alone. In addition, when the three Aspergillus section Nigri strains
(ATHUM 6998, 6999 and 7000) were grown simultaneously in YES medium, AFB1 production was statistically
lower compared to AFB1 production by the cultures of
strains ATHUM 6998, 6999 and 7000, growing separately
in YES medium (texp 3.79 > ttheor 2.45 texp 5.02> ttheor 2.45,
texp 2.79> ttheor 2.45, df = 6, P<0.05, respectively) (Table 2).
These findings indicate that mixed fungal communities` competition affected AFB1 production with the overall reduction of AFB1 accumulation.
4. DISCUSSION
YES medium is an optimum medium for A. parasiticus growth and AFB1 biosynthesis [15]. In the present
study, A. parasiticus was used because AFB1 production
is a more stable trait in this fungus than in A. flavus [16].
The major AFs of concern are designated as B1, B2, G1
and G2. However, Aflatoxin B1 (AFB1) is the most predominant and the most toxic aflatoxin [17]. As far as the
analytical method applied for the determination and detection of AFB1 is concerned, it must be mentioned that:
1) The cleaning step was performed by using immunoaffinity minicolumns, which are selective for AFB1
isolation; 2) Before the determination by HPLC, the AFB1
eluted from the minicolumns is derivatized to its hemiacetal AFB2a, and thus, AFB1 identification is confirmed. In
Fig. 4, representative chromatograms of AFB1 production
by all strains in all substrates examined are exposed.
YES medium was also used for the growth of Aspergillus section Nigri named ATHUM 6998, 6999, 7000
and 6997, either cultured separately or in combinations
(Table 2), in order to achieve comparable results herein,
three co-cultures have been examined for AFB1 production: 1) the strain ATHUM 6997 isolated from Corinthian
dried vine fruit with the addition of A. parasiticus, 2) the

strains ATHUM 6998, 6999 and 7000 isolated simultaneously from Cretan dried vine fruits, and 3) the co-culture
(strains ATHUM 6998, 6999 and 7000) mentioned previously with the addition of the aflatoxigenic strain A. parasiticus. The coexistence of the three strains in Cretan
dried vine fruits led us to apply a simultaneous culture
(strains ATHUM 6998, 6999 and 7000) with the addition
of A. parasiticus.
4.1 AFB1 production by strains Aspergillus section Nigri

Perrone et al. 2007 [18] stated that black aspergilli
are one of the most difficult groups concerning classification and identification. Some fungal secondary metabolites have been found to be toxic to humans and animals.
Secondary metabolites were reported to be produced also
by A. niger [7]. A. niger is one of the most important micro-organisms used in biotechnology. However, in no case,
A. niger has been proven to produce aflatoxins or
trichotecenes [19]. Two reports [20, 21] claimed that A.
niger cultures produced aflatoxin B1 but have been disproved. Many investigations have shown that A. niger does
not have the ability to produce aflatoxins. Thus, it is concluded that A. niger is a safe organism for industrial use.
On the other hand, Yassin et al. 2010 [22] reported that A.
niger isolates produced aflatoxins in sorghum grains.
Moreover, Goto et al. 1987 [23] showed that a low percentage of A. niger strains have the ability to produce
ochratoxin A (OTA) under optimal conditions. Recently,
black aspergilli and OTA were found in Greek raisins [24].
It must be mentioned that, in the present study, strains
isolated from Greek dried vine fruits, were identified as
Aspergillus section Nigri and produced AFB1 at low levels, compared to A. parasiticus. (Table 1, Fig. 3). To our
knowledge, there is no information concerning AFB1
production by Aspergillus section Nigri isolated from
dried vine fruits of Greek origin. Hence, this work, for the
first time, revealed that AFB1 is produced by strains
which are not considered to be aflatoxigenic.

TABLE 2 - Aflatoxin B1 production (µg/flask containing 10 ml YES medium) by A. parasiticus alone and by the co-cultures of Aspergillus
section Nigri and A. parasiticus.
AFB1 production
µg/flask (±SD)
Strains

A. parasiticus
(Control)

ATHUM 6997d+Control

ATHUM 6998a+6999b+7000c

(ATHUM 6998a+6999b+7000c)+Control

0

0.002(±0.0006)

0.010(±0.002)

N.D. e

N.D. e

e

N.D. e

Days

3

16.08(±1.82)

0.08(±0.001)

N.D.

7

39.04(±0.31)

0.40(±0.042)

0.008(±0.002)

0.002

9

47.06(±6.67)

0.75(±0.040)

0.013(±0.004)

0.006(±0.0010)

12

63.21(±0.27)

1.52(±0.026)

0.013(±0.002)

0.007(±0.0006)

15

77.79(±1.68)

1.59(±0.055)

0.018(±0.003)

0.008(±0.0021)

18

86.43(±3.36)

1.12(±0.200)

0.004(±0.001)

0.006(±0.0021)

a

Aspergillus sp. isolated from dried vine fruits originating from Crete; b Aspergillus sp. isolated from dried vine fruits originated from Crete; c Aspergillus sp. isolated from
dried vine fruits originated from Crete; d Aspergillus sp. isolated from Corinthian dried vine fruits; e non-detectable
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a

b

c

d

e

f
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g

h

i

j

FIGURE 4 - HPLC analysis of a) standard AFB1 (0.1 ng), AFB1 production on the 12th day of observation by b) A. parasiticus IMI283883, c)
strain ATHUM 6997, d) strain ATHUM 6998, e ) strain ATHUM 6999, f) strain ATHUM 7000, g) co-culture of ATHUM 6998 + 6999 +7000,
h) co-culture of ATHUM 6998 +6999 +7000 + A. parasiticus, i) the co-culture of 6997 + A. parasiticus, and j) chromatogram of strain ATHUM
6997 on the 0th day of incubation. All derivatized to AFB2a; retention time was 15.16 min (±1.3 min); injection volume 40 µl).

In the present study, the detection of AFB1 produced
by the Aspergillus section Nigri strains is due to the use of
HPLC-FID. HPLC, in combination with the procedure of
the method applied, is the cause of the AFB1 revelation by
the strains A. section Nigri. Nevertheless, it is essential to
investigate the strains` specific genetic structure.
4.2 Effect of microbial competition between strains of
Aspergillus

Under natural conditions, the growth of A. flavus and
A. parasiticus as well as the accumulation of aflatoxins
are influenced by other micro-organisms [25]. Later, Aziz
and Shahin 1997 [26] reported that A. niger was found to
be strongly antagonistic, inhibiting the growth of A. flavus
by 66%. In addition, Barberis et al. 2012 [27] showed a
total inhibition in AFB1 production in some interactions
between A. flavus and A. niger on peanuts. According to

Losada et al. 2009 [6], Aspergillus species secrete secondary metabolites when grown individually, and in the
presence of other fungal species. The mechanisms regulating production of secondary metabolites are complicated. Competition between different fungal species also
modulates production of secondary metabolites. Aflatoxin
production by A. flavus is affected by competition with
other aspergilli [28, 29]. However, it is not clear whether
any of the secondary metabolites produced by aspergilli
provides a competitive advantage against other fungi, or
similarly, it is not known whether competition has any
effect on the production of other secondary metabolites
besides aflatoxin, or finally, whether competition among
different species of Aspergillus results in variable secondary metabolite production. It was found that many culture
extracts exhibited antifungal activities and that, in many
cases, competition between species induced the produc-
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tion of even more antifungal compounds. These results
suggest that the consequence of an interaction has no predictable pattern, since it appears that each species has variable metabolic profiles that can be adjusted and modified
by competing species. It is not clear whether the antifungal activity is due to a single metabolite, or to a combination of metabolites [6]. Moreover Wicklow et al. 2003
[30] sustained that intra-specific competition can be stronger than competition between different species because genetically distinct strains of the same species are competing for
the same resources or niche requirements. A strategy for
eliminating preharvest aflatoxins in crops, involves field
applications of non-aflatoxin-producing strains of A. flavus or A. parasiticus, as ‘biocompetitive agents’ [31].
Interference with aflatoxin production may also result, in
part, from the failure of aflatoxin-producing A. flavus
genotypes to form a cooperative mycelial network when
infecting the same seed or insect. Cvetnic and Pepeljnjak
2007 [32] reported that 25 mould strains of several
moulds including A. flavus and A. niger showed antagonistic interaction between all strains tested. Five of aflatoxin non-producing strains of A. flavus interfered with
aflatoxin production in mixed culture and reduced AFB1
productivity by 100%. A decrease in AFB1 production
with A. niger strains resulted in 100% reduction in three
strains. In contrast, Horn et al. 2000 [33] reported that
there were no consistent differences in AFB1 inhibition by
non-aflatoxigenic strains in pairings from the same vegetative compatibility group and pairings from different
groups.
The findings reported above are in agreement with
the results of the present work. Moreover, an assertion for
AFB1 degradation and possible competition could be that
strains which produce AFB1 at higher levels, such as A.
parasiticus and Aspergillus ATHUM 6998, dominate
against the other fungi. It was shown that AFB1 production
by A. parasiticus was 57.99, 98.76, 987.65 and 451.50
times higher in comparison with AFB1 production by
strains ATHUM 6998, 6999, 7000 and 6997, respectively,
on the 12th day of observation. In addition, AFB1 production by strain ATHUM 6998 was 2, 17 and 7.78 times
higher in comparison with AFB1 production by strains
ATHUM 6999, 7000 and 6997, respectively, on the same
day of observation (Table 1, Fig. 3).

7000 co-culture is 99.97%, compared to control (A. parasiticus alone) on the 12th day of observation. Furthermore,
when the three strains, mentioned previously, were cocultured with control strain, the reduction was 99.98% with
regard to control (A. parasiticus alone), at the same day
(Table 2, Fig. 3).
5. CONCLUSIONS
In the present study, the four strains isolated from
dried vine fruits of Greek origin were identified as Aspergillus section Nigri. These strains were able to produce
AFB1 at low levels on YES medium. Moreover, the AFB1
production by several combinations, on the Aspergillus
section Nigri strains co-culture, was considerably reduced
compared to AFB1 production by A. parasiticus which
was used as control. Therefore, competition between
strains may be useful in preventing or limiting AFB1
production in agricultural products.
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ABBREVIATIONS
AFB1, Aflatoxin B1; AFB2a, Aflatoxin B1 hemiacetal
derivative; A. Aspergillus; AFPA, Aspergillus flavus parasiticus agar; CFU, colony forming units; CZA, Czapek
Dox agar; HPLC, High performance liquid chromatography; SD, Standard deviation; YES, Yeast Extract Sucrose; ATHUM, Athens University Mycology

In addition, it was observed that when the strain
ATHUM 6998 is co-cultured with the strains ATHUM
6999 and 7000, AFB1 production is reduced by 98.8% %
on the 12th day of observation, compared to AFB1 production by the strain ATHUM 6998 alone, at the same day
(Tables 1 and 2, Fig. 3). It must be cited that the three
strains, as it has been already mentioned, were isolated
concomitantly from the dried vine fruits from Crete.
Moreover, it was shown that when A.parasiticus is
co-cultured with the strain ATHUM 6997, AFB1 production is reduced by 97.59 %, compared to control (A. parasiticus alone) on the 12th day of observation. Similarly, the
AFB1 reduction by the strains ATHUM 6998, 6999 and
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ABSTRACT

progress in the web technologies and techniques, these are
adapted to GIS.

Istanbul is one of the most crowded metropolitan areas
of the world with an approximate population of 13 million.
Fresh water is supplied to this megacity from seven reservoirs located on both the European and the Asian sides.
Thus, protection of water resources is extremely important. Due to increase in water demand and to protect
the existing water resources from pollution, it is necessary
to hinder and almost stop any human activities such as
construction works at the watersheds of these reservoirs.
In this study, a web-based GIS system has been designed
which allows to make queries by the property owners to
get basic information about the status of their parcel. This
system is designed to support the works of Istanbul Water
and Sewerage Administration (ISKI). Using this system,
the usage or construction-right and more spatial information of the parcels which are located in the protection
zones of the reservoirs can be queried easily. The first
version of the developed system has been activated by
ISKI in 2008 and the last version has been completed in
2010. The developed web-based system has been visited
by nearly 159,000 people and around 500,000 parcels
were queried. In the year of 2011 this number has been
doubled.

KEYWORDS:
reservoir, protection zones, web-based GIS

In recent years, some web based map applications
have increased their popularity around to the world and
Turkey. Google Maps, Google Earth, Yahoo Maps, NASA
World Wind, MapQuest, Bing Maps and WikiMapia can
be given as examples from the world and Istanbul Metropolitan Municipality City Guide from the year 2007 and
Izmir City Guide from the 2009 are successful examples
from Turkey. Additional features like photographs, videos
and Wikipedia information services can also be addressed
as examples of map application. Online traffic density
maps can also be mentioned that are applicable to some
specific regions. This map services focus on broadcasting
user-friendly and quick map services via internet. Webbased map application software packages like ArcGIS
Server, Map Suite, MapXtreme, Open Layers etc. provide
users with their own map services [2]. Furthermore, many
interactive features such as query and analysis functions
can be added to these referred map services [3-7].
More than 10,000 map layers are available online today through Open Geospatial Consortium (OGC) specified
interfaces, such as Web Map Service (WMS), Web Feature
Service (WFS) and Web Coverage Service (WCS) [8].

1. INTRODUCTION
Global warming is one of the most common issues
that affect life especially in the metropolitan areas. As
water is the basic essential life component, its protection
has become the main effort of mankind.
The Information Technology (IT) is a developing sector. Internet is rapidly expanding in terms of speed, number of pages and users. Thus, new software, algorithms
and interfaces are highly required. Recently, due to rapid
* Corresponding author

Parallel to unpredictable rapid technological developments in the web-based GIS, spatial data access using
internet is considerably increased. Thus, access to spatial
data over internet is growing steadily and information
sharing through the GIS web server is becoming popular
as it reduces the cost of data, provides standard data, and
increases conformity of data and data interoperability [1].

Many specific web-based map applications are in use
in the world such as; The Alaska Department of Natural
Resources that has a searchable map service showing
rivers, lakes, and water pools [9]. There is another map
service that shows wind and solar energy panels and the
figure of each month’s solar energy potential for selected
buildings in the city of Boston [10]. There are many studies related to GIS-based watershed management. A yearly
set of land use and land property maps is obtained for
understanding the land use changes and for estimating the
future probable trend of land use changes in a lagoon
watershed [11]. Also land-use changes determined within
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a 14-years period in one of the rapidly urbanizing districts
of the mega city, Istanbul. Especially Pendik District is
that almost half of its land lies within the boundaries of
the Omerli reservoir watershed. The urban elements have
caused the reservoir water to be highly deteriorated [12].
Today, engineering applications are more focused on
accessing information to people for organizing their daily
lives such as traffic density map. In this study, for the
protection of the reservoirs in large metropolitans like
Istanbul, ways of reducing the conflicts between public
and state and optimizing people's vital requirements during the protection of the environment are considered by
providing up to date and accurate data through minimizing the bureaucratic procedures and requirements. The
main idea is to ensure that citizens reach to information.
For attaining this purpose, a web-based GIS application
has been developed for the parcels that lie in the protection zones of reservoirs in Istanbul. An example of parcel
queried through this system and the obtained statistical
information from the designed system are referred and
discussed.
2. MATERIALS AND METHODS
2.1 System Design
2.1.1 Study Area and Methodology

According to ISKI’s (Istanbul Water and Sewerage
Administration) Reservoir Protection Regulations [13],
there are four main protection zones which are absolute
protection zone (0-300 m), short protection zone (300-

700 m), medium protection zone (700- 2000 m) and longer protection zone (2000 m- up to the border of the watershed). As shown in the Figure 1, there are seven active
reservoirs within the boundaries of Istanbul Metropolitan
Municipality (IMM) which supply drinking water to Istanbul. These are Alibey, Buyukcekmece, Sazlidere,
Terkos, Darlik, Elmali and Omerli reservoirs. As an example for the protection zones, Buyukcekmece reservoir’s
protection zones are given in Figure 2.
There is another protection rule stated by ISKI related
to rivers and creeks. According to this statement, absolute
protection zone of a river is defined as 100 m width on
both sides of the stream as indicated in Figure 2. Construction work is prohibited in such areas and people's
construction rights in this area are shifted to other areas
within the same administrative district.
Reservoir Protection Regulation was enacted on
23.01.2011 by ISKI. The total area of the watersheds is
6513 km2 which are under the control of ISKI which is
larger than the municipality area which is 5343 km2.
50.6 % of the municipality land is covered by the watersheds. Megacity Istanbul has a total of 1,188,112 parcels
among which 21% lie within the watershed boundaries
that accounts to 248,247 parcels. According to the Reservoir Protection Regulation, 1/5000 scaled master reconstruction plans must be prepared by the District Municipalities and must be submitted to ISKI for final approval.
The geographical data of approved reconstruction plans of
the concerned boundary are included to the spatial database
together with aerial photographs which are used in the
system as base map. Aerial photos are annually provided

FIGURE 1- Reservoirs of Istanbul and their watersheds boundaries.

1755

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

FIGURE 2 - Protection zones of Buyukcekmece Reservoir.

from the Istanbul Metropolitan Municipality, Directorate
of Maps. Also administrative boundaries of the districts
and Istanbul together with spatial information on roads
and streets are obtained from the same department.
As shown in Figure 3, the geographical data consisting of two parts have been used in the designed system.
These are; cadastral data, Landsat TM satellite imagery
obtained for the year 2005 and IKONOS satellite imageries obtained from the years 2003, 2004, 2005, 2006,
2007 and 2008, 1:5000 scaled ortho-rectified imageries
which are produced from aerial photographs scaled
1:16000 for the year 2008 have been utilized as basic
spatial data in the system.
Spatial data of reservoir protection zones and reconstruction plans are produced by ISKI as a result of this
study. All spatial data is converted into same coordinate
system. In this study, ITRF coordinate system was used.
2.1.2 System Development

Within the scope of this study, a reliable query interface system was developed. The system architecture is
given in Figure 4. It is designed in a way to be able to use
more than one map service. Also, a centralized map server
for the requirements of institution’s different applications
based on spatial data was also designed.
A flow diagram of the querying process is given in
Figure 5. As can be seen, the user must enter the district
name, neighbourhood name, block number and parcel
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FIGURE 4 - The main algorithm of the developed system

FIGURE 5 - Query process work flow diagram
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number for the parcel-based query process. According to
the given information, the system finds the related parcel
in the spatial database and calculates the intersection areas
of the parcel with municipal plan, watershed boundary
and absolute protection zone of river within few seconds.
Thus, the produced spatial information monitored reaches
to the user rapidly. In order to obtain statistical data, each
parcel query result is kept in the local database. By using
this information, query statistics are extracted.
The technical infrastructure of the system consists of
three rack-type servers as Demilitarized Zone, Load Balance and Web Optimization. Servers have been located
behind of the CITRIX structure. CITRIX structure provides
the security, server load balancing, web optimization and
application access settings. As soon as a server is switched
off, the other servers continue to respond the requests.
This map application was developed by Microsoft
Visual Studio 2008 Express platform and ArcGIS Server
components. C# Express Edition was used as the pro-

gramming language and ArcGIS Server Web Application
Development Framework (ADF) JavaScript library have
been used in the application.
2.2.2.1 The Caching Technique

A caching technique has been used in the developed
system to obtain maps within a short response time for
both the client and server.
When the client requires a map for a specific area, the
GIS Map Server supplies an image from the cache files
[14]. These files can be stored on the user's computer. The
same image files are used at the next query for the same
parcel.
Caching Diagram is given in Figure 6. As seen the map
is divided into grids for defined scales. . For each scale,
image files are generated and stored in different folders
according to the ArcGIS Server index logic. Upon map
requests from the server, the image files are sent to clients.

FIGURE 6 - Caching diagram (ESRI)

TABLE 1 - Raster map service cache summary information.
Specification
Image Format
Image Sizes, pixel
Resolution (DPI)

Value
JPG
512x512
96
1:1000
1:2000
1:5000
1:15000
Scale Levels, Number of Images,
1:25000
Disk Size
1:50000
1:100000
1:250000
1:500000
Cache Create Time (hour)
~ 30
Folder Numbers
4,025
Total Image Numbers
8,200,773
Total Disk Size of Images (GB) 82.96
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6322724(2176)
1581952(1089)
253785(437)
28470(147)
10384(89)
2596(45)
690(24)
130(11)
42(7)

61.3GB
18,1 GB
3,03 GB
369 MB
125 MB
30,9 MB
8.11 MB
2,42 MB
668 KB
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Abstracted information of a cache created by the raster map service application is given in the Table 1. Maps
can be cached as "jpg", "png 8", "png 24", "bmp" and
"png 32" optional image formats and in the requested
scale. In this application, "jpg" for raster data, and "png"
for vector data have been chosen.
Caching can be performed either on the web map application server or on another computer. In this study, the
cached files on a server were copied to the other servers.
Nine cache levels were selected during system design.
Selected cache levels are; 1/1000, 1/2000, 1/5000, 1/15000,
1/25000, 1/50000, 1/100000, 1/250000, 1/500000.
512x512 pixels were selected as an image size and
96 dpi were selected for image resolution. As can be seen
from Table 1, 82.96 GB cache files were created for the
raster map service. The majority of these files are produced at large scales like 1/1000 (73.9%) and 1/2000
(21.8%).

the source codes, the extension was built using the C#
programming language [15,16].
When a parcel is queried, required intersected areas
are calculated and returned as a table to the web application using this add-on extension on the server side. These
data tables are also sent to the client and the amount of
intersections are also presented on the same side.
2.2.2.3 Asynchronous JavaScript & XML (AJAX) Technology

AJAX is an abbreviation of "Asynchronous JavaScript
and XML". This is a name given to a synchronous server
code execution by browsers [17-19].
AJAX is a new use of the present technology. It refreshes a certain part of the page instead of the entire
page, so only a limited data is transferred by the server.
AJAX allows limited data exchange behind the scenes for
the asynchronous web page refresh. Its intersection with
request is displayed in Figure 7.

2.2.2.2 Server Object Extension (SOE)

The server object extension may supply a large number of requests with fewer processes. Thus, the performance increases.
In this study, the boundaries of reservoir protection
zones and reconstruction plans produced by the municipality are individually intersected with a querying parcel.
Then intersected areas are calculated using the add-on
extension written in ArcObjects library added to the map
service. This add-on extension is based on DAANSOE
ArcGIS Server sample server object extension. By using

3. CASE STUDY
Only CAD data were used by ISKI to determine the
protection zones of reservoirs before activating this developed web map application. Used CAD data contained
municipal reconstruction plan that had already been approved. Also, this data had been stored as two different
files for Asian and European sides of Istanbul in “dgn”
format. When the boundaries of municipalities are changed,
new updated boundaries were added in the CAD file in the

FIGURE 7 - AJAX’s intersection phases with request (https://secure.cs.uvic.ca/twiki/bin/view/Research/AJAX).
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ISKI’s network. Cadastral data together with updated
boundaries in CAD files are also supplied to the use of the
directorate staff. While information about the parcel location is given in CAD software; the data of related cadastral
district are added to the software as reference data. If the
parcel is found after searching the Block and/or Parcel
number, the parcel is intersected with the protection
zones; municipality reconstruction plan and absolute
protection zone of rivers are calculated with a flood tool.
The system gives the parcel query results by using this
produced data. These processes in the old system were time
consuming, required special CAD software experience and
could create inaccurate results due to user failures.
Problems that have occurred in the previous system
were eliminated by using the new application system
mentioned. In this system, the clients open their web
browser and enter required basic information about the
parcel; a few seconds later, the parcel query result is
shown on the client’s screen. ISKI’s Query Application
Screen is given in Figure 8.
The query processes in the new system are given as
follows in a stepwise manner.
Name of the district, name of the neighbourhood,
block and parcel number is given by the clients and
transmitted to the server by means of AJAX According to

the information transmitted to the server, an SQL query
clause is created. A table of data belonging to the queried
parcel is further created using SQL query clause. The
queried parcel is then sent to the server object extension
(SOE). At the SOE, parcel intersected areas with reservoir
protection zones, municipality reconstruction plan and
absolute protection zone of rivers are calculated. The data
tables are sent by SOE to the web application that is created as a result of the intersection. The parcel location
information is created by the obtained information and
transmitted to the client side. The Parcel query result is
stored in the database.
At the query screen given in Figure 8, aerial photographs and satellite imageries can be selected from the
drop down menu for the specified years. An application
example is illustrated in Figure 9. In this figure, a query
window used for input of the parcel information is displayed on the left side. A query result realized after pressing the “QUERY” button of the related parcel given on
the right hand side of the query window are given. On the
main screen, query result is also demonstrated.
When the users navigate the mouse on map, X, Y coordinates and information about the image is presented on
the status bar at the bottom of the browser page.

FIGURE 8 - ISKI’s query screen.
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FIGURE 9 - Query result screen of the protection zone of the parcel

4. RESULTS AND DISCUSSION
The web site (http://havza.iski.gov.tr) had been launched
in late 2008 while the web applications site of ISKI Map
Services (http://harita.iski.gov.tr) was launched in August
2010. The total size of the raster data used in the system is
1.5TB whereas the vector data size is 0.5GB. After the
caching of raster and vector data, the total cache data size
becomes approximately 400 GB. After the realization of
this web map application, other departments of ISKI started
to publish their own spatial data using web map application
similar to the designed system mentioned in this study.
The following additional applications were also developed in this study. An application that shows the locations
of the fiber optic cables and Supervisory Control and Data
Acquisition (SCADA) points is realized. The distance of
the fiber optic cables to the SCADA points are then determined to support the decision- mechanisms on data
transfer. Local Positioning System using GNSS satellites
and continuous observation stations network has been
built by ISKI for the RTK Survey applications of the local
users. Registered online users of UKBS can be shown in a
recently designed and developed web map application

which is still not actively used. A spatial-based decision
support system was developed to serve as a web-based
online map used for register illegal constructions with
their attribute information. Another web-based map application has been developed in order to monitor water meter
readings online on the web map application. GPS locations of the terminals are obtained and stored in a database and this location information can be shown on the
map.
Figure 10 shows the approximate numbers given by
the officials’ protection zone position requests from 2000
till 2010. According to this data;
• There was a sharp increase in the number of the requests in 2006. Main reason of this fact can be evaluated as the adoption of the use of the digital cadastral
digital map sheets instead of conventional maps in the
IMM.
• Another reason of this increase in 2006 was that the
management of reservoir protection zones has initiated.
• Since the end of 2008 the time when the designed
system began to be used actively, queries have increased rapidly.
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• The increase in 2009 is because of local elections.
There were many parameters for illegal construction
in the protection zones. The most important factor is
the political status. During the election period illegal
construction had increased. .
• The increase in 2010 is due to courts negotiated expropriations.
The major problem in the designed system is the loss
of up to date cadastral data. In Turkey, especially in Istanbul, a large number of allotment procedures are realized day by day. The system contains only spatial data

that belongs to production period. Thus, new parcel numbers cannot be found after the query process. Updating
cadastral data at certain intervals or online data seems to
solve this problem. Updating of cadastral parcels is the
responsibility of the Directorate General of Land Registry. So, in this study, cadastral data were not considered.
The experiences gained during the development of this
system recommend creating an online cadastral data map
service. Another problem is the existence of more than
one parcel in the same district and its neighbourhood with
the same parcel number. Such errors were identified and
corrected after checking the CAD data.

FIGURE 10 - Protection zone position requests by years (Number).

FIGURE 11 - Number of queried district based parcels.
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1,128,220 parcels were queried in 2011. The most
parcel queried districts were Arnavutkoy, Silivri, Catalca
and Buyukcekmece whereas the most parcel queried
neighbourhoods were the Nakkas Neighbourhood of Arnavutkoy District located in the protection zone. Silivri
Degirmenkoy Neighbourhood and Silivri Alibey Neighbourhood were the highly queried neighbourhoods located beyond the protection zones. Arnavutkoy Nakkas Neighbourhood which has the most queried parcels out of the municipality reconstruction plan and lie on at the medium
and long protection zones of Sazlidere Reservoir. Main
reason of these queries might be due to the Greater Istanbul Canal Project in the agenda of the Greater Metropolitan Municipality or due to preparation of the new municipality reconstruction plan. Also, the route of the third
Bosphorus Bridge passes through the District of Arnavutkoy. Figure 11 shows the number of parcel queried
in the Districts.
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5. CONCLUDING REMARKS
Within the scope of this study, a web mapping application was developed to query parcels located at the protection zones of reservoirs that supply drinking water to
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ABSTRACT

1. INTRODUCTION

The organic matter content in original and chemically
treated olive mill wastewater was profiled by structural
fractionation to evaluate changes in its characteristics after
acid cracking and electrocoagulation processes. For this
purpose, the effluent was subjected to a resin fractionation
method and results were evaluated in terms of the parameters COD, TOC, total phenols, color (as absorbance),
acute toxicity using Vibrio fischeri photobacteria and
Fourier Transform Infrared (FTIR) spectroscopy. Significant amounts of oil-grease (95%) and particulate matter
(96%) corresponding to 58% COD, 43% TOC, 39% total
phenols and 80% color removals were obtained by acid
cracking. After subsequent electrocoagulation with stainless
steel electrodes, total phenols removal rates increased from
39% to 72%, while no significant additional COD and
TOC removals (10-15%) were evident. Fractionation results demonstrated that the organic matter present in the
original effluent was mainly of hydrophobic nature (7595%). For the total phenols parameter, a significant fraction (56%) appeared to be hydrophobic neutral that matched
the 75% toxic (inhibitory) effect of the wastewater. After
chemical treatment, a shift was observed from mainly
hydrophobic to hydrophilic fractions for the COD and
TOC parameters, and the inhibitory effect of treated effluent increased from 75% to 89%. FTIR results indicated
a loss of aliphatic structures together with an increase in
aromatic structures after chemical treatment that was
related to the increase in the inhibitory effect of the treated effluent.

KEYWORDS:
Olive mill wastewater (OMW); structural fractionation; acid cracking; electrocoagulation; toxicity; FTIR spectroscopy.

Characteristics of the organic matter present in
wastewater have significant influence on its treatability.
Since it is not possible to analyze or identify individual
components of organic matter in a complex wastewater
matrix, surrogate characterization methods could be more
suitable and applicable to evaluate the real effluent characteristics before and after treatment. Recently, the resin fractionation method based on classifying organic matter composition by its chemical characteristics, has been offered
as a useful tool for organic matter profiling and structural
distribution [1, 2]. This technique is promising means to
categorize effluent structurally into more specific fractions by retaining organic matter onto different resin
types.
Publications dealing with structural fractionation are
very limited and mostly devoted to freshwater [3,4]. More
recently, brewery wastewater [5] and landfill leachate [6]
have been subjected to resin fractionation, however no
such study has been undertaken to elucidate the effects of
wastewater characteristics on chemical treatment. In this
respect, this study has another dimension as it aims at
evaluating the applicability of structural fractionation to
industrial wastewater.
Olive mill wastewater (OMW) produced during olive
processing is known as one of the most complex industrial wastewaters. It is estimated that for every 100 kg of
processed olives, 35 kg of solid waste and liquid waste in
the range of 55-200 L are produced depending on the oil
extraction process which corresponds to an annual OMW
amount of over 30 million m3 worldwide [7]. OMW contains 83-96% water, 3.5-15% organics and 0.5-2% mineral salts. The organic matter is composed of oil (1-14%),
polysaccharides (13-53%), proteins (8-16%), organic acids
(3-10%), polyalcohols (3-10%) and polyphenols (2-15%)
[8]. OMW is characterized by its high chemical oxygen
demand (COD), biochemical oxygen demand (BOD) and
considerable amount of phytotoxic and antibacterial polyphenols [8].
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In the present experimental study, it was aimed to
highlight the organic content of OMW and changes brought
about in its structure during its treatment by electrocoagulation (EC) after acid cracking treatment, by using structural fractionation tools. Among the prevailing treatment
alternatives, EC seems to be more effective and suitable
for the treatment of OMW [9, 10], since it involves multiple removal mechanisms and hence may cope with highstrength and complex wastewater matrices. For this purpose, structural fractionation of untreated and chemically
treated OMW samples were investigated by applying XAD8, XAD-4, Duolite A-7 and AG-MP-50 resins for separation
of hydrophobic and hydrophilic acid and base fractions,
respectively. The collective environmental parameters,
namely COD, TOC, total phenols (TPh), color (absorbance) as well as acute toxicity towards the photobacterium
Vibrio fischeri have been selected to evaluate toxicological properties of the wastewater and changes brought
about during its chemical treatment. Fourier transforminfrared spectroscopy (FTIR) was also performed to analyze the structures of organic compounds in each fraction.
2. MATERIALS AND METHODS
2.1 The OMW Sample

OMW was obtained from a three-phase olive mill extraction plant located in Bursa, Turkey and used as received. The environmental characteristics of the OMW
sample are presented in Table 1. From Table 1 it is
clear that OMW is a high-strength wastewater in terms
of its organic carbon (140000-155000 mg/L of total COD;
35000-40000 mg/L of TOC) and oil-grease (approximately
8200 mg/L) contents. The TPh content was in the range of
3800-4200 mg/L. The BOD5/COD ratio is a rough estimate of a wastewater sample’s biodegradability [11]. This
ratio was obtained as 0.26 for the original OMW sample
implying a fair biodegradability. The particulate COD/total
COD ratio of the sample was obtained as 0.47 indicating
that a significant portion of the COD is in particulate form
that is also reflected in its high VSS and TSS content. The
TPh value measured for the untreated OMW sample is
typical for OMW from three-phase olive mill extraction
plants [7]. It has been reported that polyphenolic components present in OMW are responsible for its phytotoxicity [12]. The ED50 value was determined as 17-18% (v/v)
for the untreated OMW sample. The conductivity of OMW
was measured as 7000 µS/cm which is an extremely high
salinity. The environmental characterization of the original OMW indicated that direct discharge of the
wastewater into receiving water bodies could damage
plants and aquatic organisms seriously.
2.2 Chemical Treatment

The experimental conditions of the investigated chemical treatment processes were carefully selected considering
former treatability experiments and previously published
related work [13,14]. Acid cracking was carried out by

adjusting the pH of the sample to 2.0 with 0.13 M H2SO4
solution and heating the OMW samples to 70oC for 60 min.
Thereafter, the samples were held in a funnel for another
30 min. After removal of oil and grease, the acid-cracked
OMW samples were filtered through 450 nm-pore size
filters. EC experiments were performed with stainless
steel (SS 316) electrodes at pH 2.0 and a current density
of 50 mA/cm2 at 65oC for 120 min.
TABLE 1 - Conventional environmental characterization of the
studied OMW samples.
Parameter
Total COD
Total TOC
DOC*
TPh
BOD5
SS
VSS
Oil-Grease
PO4-P

Unit
mg/L
mg/L
mg/L
mg/L
mg/L

Range
140000-155000
35000-40000
20000-25000
3800-4200
37000-40000

mg/L
mg/L
mg/L
mg/L

44000-48000
42000-46000
7800-8500
280-350

TKN
mg/L
900-1100
Conductivity
µS/cm
7000-7500
Color**
cm-1
130-140
pH
4.95-5.00
*Dissolved organic carbon measured after passing the sample through a
450 nm-cutoff filter.
**Absorbance at 400 nm.
2.3 Structural fractionation of the OMW sample

The fractionation of organic matter was performed
based on the resin adsorption procedure described by Leenheer (1981) [1] and Marhaba et al. [2]. The organic matter
content of untreated (original) and treated OMW was fractionated into hydrophobic acid (HPOA), hydrophobic base
(HPOB), hydrophobic neutral (HPON), hydrophilic acid
(HPIA), hydrophilic base (HPIB) and hydrophilic neutral
(HPIN) fractions by using a series of resins including a
non-ionic resins XAD-8 (SUPELCO) and XAD-4 (Amberlite); the cationic resin AG-MP-50 (BIO-RAD) and the
weak anionic resin Duolite A-7 (Aldrich). Untreated (filtered through 450 nm-cutoff membranes) and treated
OMW sample were all subjected to the above fractionation
procedure. The initial volumes of resin and OMW sample
were 50 mL and 250 mL, respectively. The filtration and
desorption flowrates were adjusted to 3 mL/min and
1.5 mL/min, respectively, according to the related literature [2, 15]. Filtered OMW was used as the reference
sample to compare results with chemically treated (acid
cracked and electrocoagulated) OMW.
2.4 Analytical Procedures

Treatment efficiency was evaluated in terms of the
collective environmental parameters COD, TOC, TPh and
color (absorbance at 400 nm). With the exception of COD,
all analytical procedures used for conventional wastewater
characterization were accomplished according to Standard
Methods [16], whereas the COD parameter was measured
based on ISO 6060 [17]. TOC was measured on a Shi-
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madzu VCPN model carbon analyzer equipped with an
autosampler. TPh in untreated and treated OMW were
determined by the colorimetric reaction of the samples
with the Folin-Ciocalteau reagent (Fluka) described in
Box [18]. Color was measured at the maximum visible
absorption band of OMW at 400 nm on a Novespec
II/Pharmacia LKB colorimeter in 1 cm optical path length
glass cuvettes. Acute toxicity of the OMW samples was
determined in accordance with the V. fischeri bioluminescence inhibition test protocol ISO 11348-3 [19] at an
incubation periodof 15 min. Firstly, the “ED50” values (in
v/v, %), i.e. the effective dilution causing 50% inhibition of the photobacteria, were determined via serial dilutions in blank water. Based on the ED50 value, the OMW
samples were 10-fold diluted prior to the inhibition tests.
FTIR spectra was recorded in hexane extracted samples as
described by Abass et al. (2011), using a Perkin Elmer
1600 spectrophotometer over the 4000-650 cm-1 range [20].
The method used was based on ASTM D7066 [21].
3. RESULTS AND DISCUSSION
3.1 Structural fractionation of the original OMW sample

The structural fractionation patterns of the original
OMW based on the collective environmental parameters
COD, TOC, TPh, color and acute toxicity as percent relative photoluminescence inhibition is presented in Figure 1.
As can be seen from the figure, untreated OMW exhibited significant COD fractions at the hydrophobic fractions.
For instance, 35% (18500 mg/L) of the total effluent
COD was hydrophobic acidic (HPOA), whereas the remaining COD was mainly distributed in the hydrophobic
base (HPOB; 26% of the total COD) and hydrophobic
neutral (HPON; 20% of the total COD) fractions. The
remaining 19% of the wastewater’s original COD content
(9800 mg/L) was distributed among HPI fractions. The
structural fractionation based TOC profile of the untreated

OMW sample, revealed similar distribution characteristics
of those of the COD parameter. It was mainly composed
of hydrophobic structures, namely HPOA, HPOB and
HPON, whereas the hydrophilic organic carbon fraction
contributed to 26% of the total TOC content of the OMW,
corresponding to 6500 mg C/L.
TPh profiles of untreated OMW exhibited different
characteristics from the COD and TOC parameters. The
total TPh content of the untreated OMW was measured as
2870 mg/L of which 91% was hydrophobic and only 9%
was hydrophilic according to the structural fractionation
results. For this parameter, especially the HPON fraction
was rather significant, corresponding to 56% of the total
TPh (1600 mg phenol equivalent/L) of untreated OMW.
High molecular weight polyphenolic compounds are
typically categorized as hydrophobic due to their polyaromatic nature [22].
According to the toxicity test results using the photobacterium V. fischeri, the relative inhibitory effect of
untreated OMW was measured as 75% on volumetric
basis. The inhibitory effect of the sample was concentrated in the HPON fraction which could be attributed to the
polyphenolic content of OMW.
Oztekin and Sponza [12] observed that medium to
high molecular weight, dark colored polymers resulting
from the polymerization of low-molecular-weight compound and autooxidation of phenolics, had a recalcitrant
and toxic character. In another study conducted by Dewhirst [22], several phenolic compounds were examined
for their inhibitory effects based on their oxygenase activity. It could be established that enzymatic inhibition was
mostly attributed to hydrophobic, (poly)phenolic compounds having two aromatic rings in their structures including 2,4,6-trimethylphenol, 2-(2-hydroxyphenyl) benzothiazole, 2-benzyloxyphenol, and 2-hydroxybenzophenone.
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FIGURE 1 - Percent relative distribution of COD, TOC, TPh, color (absorbance) and percent relative inhibition (toxicity) for the original
OMW sample

Regarding the color of the OMW sample which varied from dark-red to brownish black, a major fraction
appeared to be HPON (44% of the total absorbance at 400
nm) that paralleled the distribution pattern of the TPh
parameter. In previous work, the polymeric phenols comprising lignin-like structures are defined as the most recalcitrant fraction of OMW and the major source of its
characteristic color [23,24]. In previous work, the hydrophobic OMW components were defined as polyaromatic
structures including tannins, whereas the hydrophilic content was mainly composed of peptides, amino groups and
sugars [25].
Until now, there has not been much comprehensive
work devoted to the structural properties of OMW since it
is considerably difficult to define organic compounds in
complex wastewater matrices by employing sophisticated
analytical techniques. More recently, FTIR and fluorescence spectroscopies have been analyzed [27, 28]. However in these studies it was mostly aimed to evaluate the
acid-like fractions of OMW.
In present study, FTIR spectra were monitored to examine the functional groups of the organic content in each
fraction. Figure 2 displays the FTIR spectra of the original,
fractionated OMW sample. According to the FTIR spectra
of the original, untreated OMW sample, a strong peak was
observed at 2975 and 2855 cm-1 corresponding to aliphatic
compounds mainly defined as long lipidic chain moieties.
The peak around 1751 cm-1 could be attributed to free carboxyl groups of fatty acids or simple sugars according to
previous related work [26, 27]. The low intensity peak obtained at 1160cm-1 supports the presence of polysaccharide
structures [26, 27]. In similar studies investigating the organic matter characterization of OMW by FTIR, an intense,

broad band that was centered between 3000-4000 cm-1 was
identified as O-H bond vibrations belonging to carboxyl,
hydroxyl or phenolic groups [26, 27]. However in the present work, no significant band was observed in this range.
The bands at 1466-1376 cm-1 could be attributed to symmetric C–H deformation from CH2 groups, O–H deformation and C–O elongation from phenolic groups. The
band at 1200 cm-1 could be related with the band intensity
around 1750-1715 cm-1 and attributable to C-O elongations and O–H deformations from carboxyl groups. Absorption bands at 1160 cm-1 are assigned to –C–O stretching and CH2– bending. On the other hand, the lack of an
absorption band around 3000-4000 cm-1 could be a result
of the increasing non-extractable hydrophilic phenol content of the OMW.
3.2 Chemical Treatment of the OMW Sample

The OMW sample was first subjected to acid cracking treatment. Acid cracking conditions were first optimized for pH, temperature and treatment time. After acid
cracking at pH 2.0 and 70oC for 60 min, significant amounts
of oil-grease (95%) and particulate matter (96%), corresponding to 58%, 43% 39%, 80% COD, TOC, TPh and
color removals, respectively, were obtained.
The experimental conditions of the EC process were
selected considering preliminary optimization experiments and former related studies [13]. Based on former
work, EC of the OMW sample was performed under the
following, optimized experimental conditions: Current density: 50 mA/cm2; treatment time: 30 min; pH: the
original pH of the sample (pH5.0) Under these treatment
conditions, 43% COD, 46% TOC and 21% TPh removals
were obtained. After applying EC, the additional removal
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FIGURE 2 - FTIR spectra of original OMW and its structural fractions

rates were 8% for COD, 10% for TOC and 33% for the
TPh parameter. After acid cracking, the remaining effluent mostly composed of soluble organic matter being
resistant to further chemical treatment.
However, a major difference was obtained for phenolic compounds that can be the reason of being in soluble-colloidal sizes besides particulate fractions that EC
process affected. The inhibitory effect of the 10-fold diluted original OMW sample being 75% slightly increased to
82% and 89% after acid cracking and combined acidcracking + EC respectively, speculatively due to formation
of products being more toxic than the original compounds
present in OMW.
EC relies on a complicated, multiple-step removal
mechanism where processes including precipitation, adsorption, particle entrapment, sweep flocculation, flotation and redox reactions are involved [29]. The structural
distribution patterns in terms of the parameters COD,
TOC, TPh and relative inhibition are given in Figure 3.

By employing EC, the COD and TOC content of the
OMW sample was distributed almost equally between the
acidic and basic hydrophobic fractions (20-25% each),
while a dominant fraction appeared in the hydrophobic
neutral fraction (58%) for the TPh parameter. Depending on
polarity of the specific organic constituent, a shift in the
structural distribution was observed from mainly hydrophobic to more hydrophilic fractions for the COD and TOC
parameters. For instance, the hydrophobic fractions were
removed appreciably, while the hydrophilic content increased by from ≈25% to ≈45%, indicating that the oxidation of hydrophobic substances resulted in the formation
of more polar, hydrophilic products.
On the other hand, the HPON fraction (58-65%) was
dominant for the TPh parameter. The TPh content of the
OMW remained almost constant during EC for this particular fraction. The rest consisted of HPOA and HPOB
fractions, while almost no hydrophilic fraction was evident.
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FIGURE 4 - FTIR spectra of OMW structural fractions after electrocoagulation (EC Conditions: pH=5.0; J=50 mA/cm2)

The inhibitory effect that increased from 75% to 89%
(in the 10-fold diluted samples) after treatment appeared
in the hydrophobic neutral fraction, similar to the untreated effluent. The toxicity increase after EC could be explained by the formation of relatively toxic degradation
products originating from the oxidation of organic compounds. In a related study investigating photo-Fenton oxidation of OMW, a toxicity increase to Daphnia longsipina
was observed after treatment [12]. Considering the TPh
parameter which was mainly distributed in the hydrophobic neutral fraction, a relationship seemed to exist between these two parameters. Dewhirst [22] examined 63
phenolic compounds for structure-activity relationships
together with inhibition of the oxygenase activity. It could
be established that electron donating ring substituents
increased the inhibitory effect of the hydrophobics while
they decreased enzymatic toxicity by steric masking of
the hydrophilic phenolic compounds.
The color parameter being almost entirely distributed
among the HPON and HPOA fractions (40-50%), remained
in the HPOB fraction after chemical treatment. In a related study, color removal was shown to be mainly associated with the depolymerization of aromatic lignin compounds in OMW and accompanied by a 90% decrease in
the phenolic content of the OMW [30]. Depending on
depolymerization, more hydrophilic compounds were occurred as the reason of the decrease in molecular weights.
As it is seen from Figure 4, structural changes after
chemical treatment were observed mostly as a decrease in
band intensities. Disappearance of the absorption band
around 1700 cm-1 most probably corresponds to less con-

densed subunits with free –OH and –COOH functional
groups. This change could be explained by the decomposition of less condensed structures in the form of relatively biodegradable compounds being converted to more
recalcitrant ones [31].
When comparing the inhibition results of the original
and chemically treated OMW, it could be deduced that
toxicity data was in agreement with the FTIR results Considering the inhibitory effect which was observed in the
HPON fraction, it was not possible to correlate FTIR
results with the toxicity results obtained for the HPON
phase.
4. CONCLUSIONS AND RECOMMENDATIONS
In the present experimental study, OMW samples
were subjected to structural resin fractionation before and
after chemical treatment with acid cracking and electrocoagulation processes. The following conclusions could
be drawn;
(i) Structural distribution analysis of the original OMW
sample indicated that the organic matter present in the
original effluent was of mainly (75-95%) hydrophobic nature.
(ii) Among the structural fractions, the hydrophobic neutral one was dominant and of most environmental
concern since the acute toxicity and TPh parameters
mainly comprised this particular fraction.
(iii) Acid cracking appeared to be efficient in the removal
of oil-grease (95%) and particulate matter (96%) pa-
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rameters that were associated with the hydrophobic
fractions. After acid cracking, electrocoagulation was
more effective especially in terms of TPh removal.
(iv) After EC a significant shift in the structural distribution pattern from mainly hydrophobic to more hydrophilic fractions was evident on the basis of the COD
and TOC parameters.
(v) The slight increase in the effluent’s toxic effect towards V. fischeri after chemical treatment was supported by FTIR analyses since a decrease in band intensities and the disappearance of the absorbance
peak at 1700 cm-1 were observed after chemical
treatment.
The present work demonstrates that structural fractionation by employing a series of resins is a useful tool to
provide comprehensive information about wastewater
characterization, treatability and removal mechanisms.
Experimental results also revealed that FTIR analysis well
supported the evaluation of the structural changes brought
about during chemical treatment of olive mill wastewater.
Moreover, a treatment scheme comprising integrated acid
cracking + electrocoagulation appears to be an efficient
treatment alternatve for significant organic matter and
phenols removal from OMW. Chemical treatment of the
effluent should follow a more detailed toxicity assessment, since there is always the risk of producing more
toxic and/or less biodegradable chemicals after the application of destructive treatment processes.
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ABSTRACT

1. INTRODUCTION

Application of livestock compost as a fertilizer helps
to provide essential nutrients (K, Ca and Mg) to the plant
but it can contaminate the environment with heavy metals; therefore, the heavy metal contents of manure must be
exactly determined. This study aims to compare the elements (K, Ca, Mg and heavy metals) in fresh versus composted animal manure. Composted and fresh animal manure from four different sources, including buffalo (BF),
cow (CW), goat (GT) and poultry (PL), were selected to
determine K, Ca, Mg, Fe, Zn, Ni, Mn and Hg by atomic
absorption spectrophotometry. The extractability of elements varied considerably depending on the type of livestock and extraction method. During the extraction, concentration of elements varied as follows: Mg> Ca>K. Mg
and Ca were highest in both composted and fresh animal
manure whereas significantly decreased K was observed
in both manure types. The water-soluble heavy metals
varied in the order of Hg>Ni>Mn>Zn>Fe. The composted
and fresh manure exhibited lower concentrations of water-soluble heavy metals compared to other elements. Fe,
Ni and Mn were found to be higher in composted manure
whereas Zn and Hg showed their maximum concentrations in fresh manure. The greater concentrations of all
elements were found in BF compost and CW fresh manure while the minimum was observed in PL compost and
BF fresh manure, respectively. Analytical results indicate
that composting of animal manure encourages soil microbial activity, which promotes the soil's trace mineral supply, improving plant nutrition.

KEYWORDS:
Composting, animal manure, heavy metals, livestock
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Manure is applied to agricultural land chiefly because
of its fertilizing value. Animal manure supplies all major
nutrients (nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), and magnesium (Mg)) necessary for plant
growth, as well as micronutrients (trace elements). The
application of manure saves mineral fertilizers for various
nutrients. This illustrates that nutrients from animal manure can replace/substitute mineral fertilizers, which is far
better for the environment. Animal manure is considered
to be an agricultural commodity that can be utilized as a
fertilizer source for cropland. Manure is recognized as an
excellent source of the plant nutrients, N, P, S and K, and
returns organic matter and other nutrients, building soil
fertility and quality. Animal manure contributes more to
the soil than just N, P, and K [1]. Continued use of manure builds organic matter in soils and improves soil
structure. This modification of soil structure helps to
improve water holding capacity, aeration, friability, and
drainage. In addition, many trace nutrients needed for
optimum plant growth are available from manure. Plant
nutrients are also released more slowly and over a longer
period of time than from most commercial fertilizers. K in
organic manure is very soluble and readily released in
aqueous medium. The ease of its release is, however, influenced by pH, equilibration time, and concentration of the
element in the manure [1]. The use of composted manure
contributes more to the organic matter content of the soil.
Fresh manure may contain high amounts of viable weed
seeds, which led to weed problems; various pathogens may
be present in fresh manure and can cause additional problems. The residual effects of the manure and compost are
important. When manure and compost are used to fertilize
crops, soil organic matter will increase over time, and
subsequent rates of application can generally be reduced
because of increased nutrient cycling. Application of
compost as a fertilizer helps to provide essential nutrients
(K, Ca and Mg) to the plant. Potassium is absorbed by

1775

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

plants in larger amounts than any other mineral element,
except for nitrogen and calcium in some cases [1, 2]. It
helps in photosynthesis, fruit quality and reduction of
plant diseases. Calcium is an essential part of plant cell
wall structure and provides strength to the plant. Magnesium plays an important role in functioning of plant enzymes to produce sugars and fats. Compost is applied to
cropland to maintain and improve soil structure and plant
nutrition [2]. However, the presence of heavy metals in
composts is the main cause of adverse effects on the animal and human health, transmitted through the food-chain
from soil, groundwater and plants [3].
High and excessive accumulation of heavy metals in
soil and other media may eventually contaminate both
human and animal food-chain [4-6]. Because of this,
many countries in the world have established specific
guidelines and standards for application of composts in
agricultural lands. The presence of trace metals in compost varies widely depending on the sources, composting
process and geographical location [4]. Research reports
on the comparison of essential elements and heavy metals
in composted and fresh manure are particularly quite
lacking. Therefore, the present study examined the effects
of fresh and composted animal manure on the essential
elements and metal constituents on the crop yield. The
objectives of present study were to ascertain the impact of
composting on the extractability of various plant nutrients, (K, Ca, Mg) and to compare fresh and composted
animal manure for water-soluble heavy metals (Fe, Zn,
Ni, Mn, Hg).
2. MATERIALS AND METHODS
District Abbottabad is located in the Khyber Pakhtunkhwa (KPK) Province of Pakistan and is spread over an
area of about 5094 sq km. Abbottabad is situated in the
Orash Valley lying between 34°09′N latitude and 73°13′E
longitude, at an altitude of 4,120 feet. Abbottabad is bordered by Mansehra District in the north, Muzaffarabad
District in the east, Rawalpindi District in the south, and
the Haripur District in the west. It is located about 110 km
from Rawalpindi, and about 220 km from Peshawar.
Abbottabad has a humid subtropical moderate climate,
with mild to warm temperatures during the spring and
autumn months, humid temperatures during June and
July, and cool to mild temperatures during the winter. The
temperature can rise as high as 30 °C during the midsummer months and drop below 0 °C during the winter
months. Snowfall can occur in January, though it is light,
while most rainfall (500~700 mm average annual rainfall)
occurs during the monsoon season stretching from May to
August, and frequently causing flooding.
This experiment was conducted in an agricultural facility at COMSATS Abbottabad. Animal compost and
fresh manure were collected from the villages in the vicinity of District Abbottabad. These samples of manure
consist of cow fresh and compost, buffalo fresh and com-

post, poultry fresh and compost, goat fresh and compost.
Manure samples were air-dried, crushed, and sieved (<
0.5 mm) to ensure homogeneity and digested in a mixture
of duplicate acids (HNO3 and HClO4). Total elements, i.e.
potassium (K), calcium (Ca), magnesium (Mg), nickel (Ni),
iron (Fe), zinc (Zn), and mercury (Hg) in the extract of
digested manure samples, were determined by atomic absorption spectrophotometry. Sample aliquots (0.25 g) were
digested with 5 ml concentrated HClO4 by gradual heating
over a hot plate for 1 h. After drying, 20% HNO3 was
added to the sample, and it was heated again for 1 h. The
solution was diluted to 50 ml with deionized water and
passed through a 0.22-µm filter. P was determined on a
spectrophotometer using the phosphomolybdate blue
method. The manure samples were extracted for watersoluble P, K, Ca, Mg and other metals using de-ionized
water. Metal contents were determined on a polarized
Zeeman atomic absorption spectrophotometer (Model Z2300, Hitachi, Japan). Soil pH values were measured in
soil-water (1:5; w/v) suspensions. Treatments were replicated thrice. The data collected during the studies were
statistically analyzed using Stat View software. A probability level of P<0.05 was considered to be significant, and
means were separated by Fisher’s least significant difference (LSD) test.

3. RESULTS AND DISCUSSION
During the extraction, the concentration of elements
varied as follows: Mg > Ca > K (Fig. 1). Irshad et al.
(2002) [7] found that use of composted manure enhanced
mineral concentrations in maize shoots, and the concentrations of elements in shoots varied in the order of Ca >
K > Mg. While comparing the four types of fresh manure
with composted animal manure, the results varied according to animal sources. In composted manure, watersoluble K varied in the order of BF > CW > PL > GT
whereas total K was observed as BF > CW > GT > PL
(Table 1). Faridullah et al. (2009) [8-10] concluded that
the chicken litter ash-amended soils had higher concentrations of K whereas soils amended with duck litter showed
higher concentrations of Ca and Mg. Water-soluble Ca
appeared as GT > CW > BF > PL and total Ca was ordered as follows: CW > BF > GT > PL (Fig. 1). Ihnat et
al. (1996) [11] concluded that higher ratios for compost
versus manure for Ca suggest that this element is more
liable to acid leaching after composting. Water-soluble
Mg was observed to be ordered as GT > PL > CW > BF,
and total Mg as PL > BF > GT > CW (Table 1). Manfred
Sager (2007) [12] found the higher concentration of Mg
in pig manure, and in pig dung, it was as high as in compost, whereas Mg was lower in cattle, poultry and biogas
manures. In fresh manure, water-soluble K was observed
in the order of PL > CW > GT > BF, and total K was BF
> CW > PL > GT (Fig. 1). Water-soluble Ca was ordered
as follows: CW > PL > GT > BF but total Ca was CW >
GT > PL > BF. Water-soluble Mg varied as CW > PL >
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TABLE 1 - Total and water-soluble K, Ca, and Mg (mg kg-1) in fresh and composted manure.
Manure
Type

Animal
Source

Compost

BF
CW
GT
PL
BF
CW
GT
PL

Fresh

LSD (0.05)

Water-Soluble
K
239
163.8
81.6
119.9
77.5
114.4
80.3
157.3
1.68

Ca
174.6
217.2
263.2
153.3
194.8
333.3
224
296.8
0.59

Total
Mg
419.5
447.8
708.3
618.4
586.4
717.6
630.8
690
0.59

K
438
333.4
139.4
90.7
294.1
249.3
164.3
244
4.51

Ca
395.7
414.6
322.3
243.7
302.8
423.2
409.2
325
1.61

FIGURE 1 - Total and water-soluble K, Ca, and Mg (mg kg-1) in fresh and composted manure
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Mg
879.7
860.6
875.5
900.5
836.7
857.3
860
899.3
0.59
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TABLE 2 - Heavy metals (mg kg-1) in fresh and composted animal manure.
Manure Type

Animal Source

Compost

Fe
4.3
4.85
5.75
2.5
3.35
1.15
0.85
1.1
0.33

BF
CW
GT
PL
BF
CW
GT
PL

Fresh

LSD (0.05)

GT > BF whereas total Mg was noted as PL > GT > CW >
BF (Table 1). Manure is a good source of Ca, Mg and Ka
in the soil system. The greater persistence of cations in the
manure was presumably due to application of organic matter that raised cations carrying capacity of manure [13].
The greater concentration of water-soluble K was
found in BF compost 239 mg kg-1) whereas the minimum
was noted in BF fresh manure (77.5 mg kg-1). Total K
was observed to be greater in BF compost (438 mg kg-1),
and minimum was noted in PL compost with 90.7 mg kg-1
(Table 1). Eneji et al. (2001) [13] reported that cattle
manure contains relatively higher levels of K as compared
to Ca and Mg. The water-soluble Ca was maximum in
CW fresh manure (333.3 mg kg-1), whereas minimum was
reported in PL compost (153.3 mg kg-1), and total Ca was
greater in CW fresh manure (423.2 mg kg-1) whereas
lower concentration was observed in PL compost (243.7
mg kg-1) (Table 1). Manfred Sager (2007) [12] concluded
that poultry feed may contain much more Ca than that for
other farm animals to ensure sufficient stability of egg shells.
Higher concentration of water-soluble Mg was found in CW
fresh with 717.6 mg kg-1, and lowest was observed in BF
compost with (419.5 mg kg-1). The total Mg was greater
in PL compost (900.1 mg kg-1), and minimum was observed in BF fresh (836.7 mg kg-1) (Table 1). Wong et al.
(1999) [14] concluded that the soil with high amendment
rates had significantly more Mg than soil without amendment. In an experiment with compost and fresh cow manure, Walker et al. (2004) [15] suggested that changes in
soil pH and the presence of phosphorus and inorganic salts
could contribute more to the changes in the heavy metal
fraction of soil than nature and the humification degree of
organic matter. The increase of soil organic matter following compost application is responsible for the increment of
organic-bound metals in soils. Thus, some heavy metals
may change from soluble and exchangeable forms to fractions associated with organic matter. The concentrations of
soluble K, Ca, Mg and Na in the soil increased sharply
according to the manure compost application rates. Plants
grown in the soil with high amendment rates had significantly more Na, Mg, Ca, K and P than soil without
amendment [14]. The main problems that can arise from
excessive manure applications are plant toxicity due to
high salt content [14, 16], and accumulation in plants of

Zn
2.5
3.7
1.8
4.5
3.5
3.4
5.4
4.1
0.35

Water-Soluble
Ni
10.1
14.8
9.5
14.2
5.9
12.3
9.9
7.5
0.39

Mn
7.6
9.7
10.3
7.7
9.1
9.8
8.7
7.3
0.16

Hg
197.6
274.9
146.5
245.3
191.3
256.2
212.5
283.7
1.9

trace metals which may pose a health risk when humans
or livestock consume these plant [17].
Water-soluble heavy metals were in the order of Hg >
Ni > Mn > Zn> Fe (Table 2) comparing fresh and composted manure on an elemental basis. It is noted that Fe
concentration was greater in composted manure than the
fresh ones. Zn concentration was greater in fresh manure
as compared to the composted manure. Mn concentration
was found to be highest in composted manure with regard
to the fresh animal manure. Ni showed greater concentration in composted manure than fresh one, and Hg was
found in greater concentrations in fresh manure. Faridullah et al. 2009 [7] reported the substantial impact of
ashing on the fractions of the trace elements in chicken
and duck litter. Trace elements precipitation is highly pHdependent and increases with pH for many trace elements.
Bolan et al. (2004) [18] reported that the concentration of
metals can vary considerably among animal manure.
Additional variation is associated with the age of the
animal, the type of ratios, housing type and waste management practices. The increase in the metal concentration in animal feed often resulted in concentrations in the
manure by-products in the effluent. The type of bedding
material in animal waste units may influence the litter dry
matter and other chemical properties [19]. The major
concern of soil pollution with available heavy metals by
the use of manure can be minimized through composting
under aerobic conditions [13]. The metal content of manure by-products depend primarily on the amount used in
feed and health remedies. Increases in metal concentration
in animal feed have often resulted in a corresponding
increase in their concentration in the manure by-products
[20]. The long-term application of manure simply changes the levels and forms of cations; however, the concentration of water-soluble cations was low among the treatments. Inorganic fertilizers also enhance the amount of
cations in the soil since the nature and composition of
manure varied considerably by origin; the observed
changes in the soluble cations could be related to the
mineral composition of manure. The variations in heavy
metals could be related to the chemical properties of the
individual metal and the characteristics of manure, which
are a function of animal type, feed and farm practices.
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[9]

4. CONCLUSIONS
The present study was carried out to compare changes
in composted and fresh animal manure. The elements
extracted with double acid digestion (HNO3 and HClO4)
were higher in composted manure than fresh animal manure. During the extraction, concentration varied as follows: Mg > Ca > K. Mg and Ca were highest in both
composted and fresh animal manure whereas significantly
decreased K was observed in both manure types. The
water-soluble heavy metals varied in the order of Hg > Ni
> Mn > Zn> Fe. The composted and fresh manure exhibited lower concentrations of water-solubles as compared
to other elements. Fe, Ni and Mn were found to be higher
in composted manure whereas Zn and Hg showed their
maximum concentrations in fresh manure. Among the
feed additives, metals are added as feed supplements to
prevent diseases and improve weight gains, feed conversion and increase egg production in poultry. Similarly, the
type of bedding material in manure may influence its
chemical properties. We conclude that composting animal
manure before land application can affect the forms and
concentrations of trace elements. The use of composted
animal manure as soil amendment could be economically
productive and would potentially ameliorate the major
concerns associated with animal waste and soil management.

[10] Faridullah, Irshad, M., and Sabir, M.A. (2012) Investigation of
heavy metals using various extraction methods in livestock manure. Communications in Soil Science and Plant Analysis, 43,
2801-2808.
[11] Ihnat, M. and Fernandes, L. (1996) Trace elemental characterization of composted poultry manure. Bioresource Technology, 57,
143-156.
[12] Sager, M. (2007) Trace and nutrient elements in manure, dung
and compost samples in Austria. Journal of Soil Biology and Biochemistry, 39, 1383-1390.
[13] Eneji, A. E., Yamamoto, S. and Honna T. (2001) Rice growth
and nutrient uptake as affected by livestock manure in four Japanese soils. Journal of Plant Nutrition, 24, 333–343.
[14] Wong, J.W.C., Ma, K.K., Fang, K.M. and Cheung, C. (1999) Utilization of a manure compost for organic farming in Hong Kong.
Bioresource Technology, 67, 43-46.
[15] Walker, D. J., Clemente, R., Roig, A. and Bernal, M. P. (2004)
The effects of soil amendments on heavy metal bioavailability in
two contaminated Mediterranean soils. Environmental Pollution,
122, 303-312.
[16] Meek, B.D., MacKenzie, A. J., Donovan, T. J., and Spencer, W.
F. (1974) The effect of large application of manure on movement
of nitrates and carbon in an irrigated desert soil. Journal of Environmental Quality, 3, 253-258.
[17] Gary M. Pierzynski, G.M., Vance, G.F. and Sims, J.T. (2005)
Soils and Environmental Quality, CRC Press, LLC, Boca Rattan,
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ABSTRACT

1. INTRODUCTION

Black alder (Alnus glutinosa subsp. barbata) has a
wide natural distribution area in Eastern Black Sea Region
of Turkey. This species is important due to its growth rate,
contributions to soil reclamation, and its usage in forestry
products. Anatomical characteristics of alder woods of two
different sites (Trabzon and Giresun) from the Eastern
Black Sea Region were compared. Nine sample areas were
selected in Akçaabat region and 8 in Espiye region. A tree
which had dominant height was sawn (cut down) from
these sample areas. Wood samples were taken from diameter at breast height of these sawn trees to determine anatomical characteristics, such as tangential diameter of
vessel, radial diameter of vessel, vessel cell length, number
of vessels in 1 mm2, number of rays in 1 mm, ray height,
ray width, fiber length, fiber width, lumen diameter of
fiber, and thickness of fiber. On sampling sites, soil profiles
were excavated and soil samples were taken from fixed
depth levels (0-10 cm, 10-30 cm. 30-50 cm, 50-80 cm, and
80-120 cm). Soil particle size analysis was made on collected
soil samples to determine soil type and sand, silt and clay
content of soil. Soil pH, soil organic carbon content and
available water capacity were also measured. SPSS
statistical packet software was used to determine variances
(ANOVA) in anatomical wood characteristics of alder
between study sites. Analysis of variance results showed
that number of vessels in 1 mm2, ray width, vessel cell
length, fiber length, fiber width, and lumen width showed
significant differences (p<0.001) in sample woods from
different study areas. These differences in anatomical wood
characteristics were caused by different micro-environmental
(soil properties and rainfall) conditions.
KEYWORDS: Black alder, site, available water capacity, anatomical characteristics

* Corresponding author

It is known that genetics, age, environment and site
productiveness affect tree growth and wood characteristics
[1]. There are many studies about the effects of site index
changes on tree growth and wood characteristics [2-9]. In
most of the studies, environmental factors were categorized. In general, the environmental factors are climatic,
physiographic, edaphic, and biologic factors.
There can be differences by appearance, anatomical
structure, physical and chemical characteristics in wood
samples of the same tree species, or different parts of the
same tree. Wood origin has an important effect on these
variables. Furthermore, there are many internal and external factors, which create a complex structure. These factors help that a tree grows while determining the characteristics and structure of wood [10]. Trees grow under
many different environmental conditions. Hence, characteristics of the wood samples are obtained from trees
which differ from tree to tree, even for different parts of
the same tree [11].
Factors that generally affect tree characteristics are
general (local) and ecological (environmental) factors.
Latitude-longitude and climate are environmental factors
while altitude, soil characteristics and topography are local
factors that affect wood characteristics. Also, it is difficult
to determine if the source of changes occurring in wood
structure are related to a single factor, or a combination of
multiple factors [12]. Changes in the factors that determine wood characteristics play an important role on compatibility of the wood material for predetermined purposes. Changes in the mechanical and physical characteristics
of the wood can affect usage area of the wood directly or
indirectly. Changes on wood anatomical characteristics
can affect both mechanical and physical characteristics.
Ontogenetic processes and environmental factors affect
the developmental process of wood anatomical structure
[13]. Recent ecological wood anatomy studies showed
that it is difficult to determine possible effects of envi-
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ronmental factors on wood anatomy [14]. Factors that
affect tree characteristics are generally classified as general (local) and ecological (environmental) factors [12].
Changes in the mechanical and physical characteristics of
the wood can affect usage area of the wood directly or
indirectly. Wood anatomists prioritize ecological wood
anatomy studies. They study changes of wood anatomical
characteristics depending on latitude, altitude, and climate
(rainfall and temperature) factors [15-19]. From many
studies made over the years, it is understood that wood
species have different phenotypic structure due to different environmental stress factors [20, 21]. There are limited
research studies on changes in wood anatomy in terms of
wood species and micro-environmental factor interactions
[13, 22-25].
The purpose of this study is to determine effects of
micro-environmental factors of different regions on some
anatomical characteristics of the Alnus glutinosa subsp.
barbata wood. This tree species has wide natural distribution area in the Eastern Black Sea Region of Turkey, and
is a pioneer species on degraded lands. These trees are
fast growing, and thus, valuable for rehabilitation of degraded lands. Furthermore, they are being used in wood
industry as a raw material for many different wood products, such as wood veneer, plywood, particle board, pencil, match, hand tools, furniture, paper pulp, packaging,
and medium-density fiberboard [26].

This study was conducted on two different sites that
are on the same altitude level, and have similar average
rainfall and lithological (parent material, soil) characteristics. Trees were selected from the same site index to eliminate effects of stem and diameter.
2. MATERIALS AND METHODS
2.1 Description of the study area

This study was conducted on black alder forest ecosystems located in Trabzon (Düzköy) and Espiye Directorate of Forestry (Karadoğa), Eastern Black Sea Region of
Turkey. These locations are under effects of the sea. This
region has three different site groups [27]. Study areas were
determined in Canik-Giresun Mountain site (EspiyeKaradoğa) and Trabzon Mountain site (Akçaabat-Düzköy).
Sample plots were located on an altitude between 10001260 m in Akçaabat-Düzköy region (9 sample plots) and
an altitude of 1000-1350 m in Espiye-Karadoğa region
(8 sample plots). In the study area, there are basalticandesitic vulcanite (Akçaabat-Düzköy) and granite vulcanite formations (Espiye-Karadoğa) coming from Mesozoic period. Environmental conditions of research fields
are given in Table 1.

BLACKSEA
İstanbul

Giresun

WBLS

41° N

Trabzon

MBLS
ANKARA

40° N

EBLS

41° N
40° N

MEDITERRANEAN SEA

FIGURE 1 - Locations of the research fields.

TABLE 1 - Ecological conditions of the two localities selected in the East Black Sea Region of Turkey.
Ecological conditions
Average altitude (m)
Mean annual rainfall (oC)
Total annual rainfall (mm)
Annual potential evapotranspiration
Latitude
Longitude
Site index
Bedrock
Soil Type

Akçaabat-Düzköy
1105
9.2
1268.3
601.0
40o 45'–40o 56'
39o 28'–40o 06'
20.46 m
Basaltic-Andesite
Clay Loam- Heavy Clay

1781

Espiye-Karadoğa
1135
9.6
1778.9
613.3
40o 38'–40o 46'
38o 39'–38o 47'
15.20 m
Granite
Sandy Loam – Loamy Sand
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Thornthwaite method was used for interpolated to
1000 m altitude for both regions, to evaluate climate data
of study areas [28]. The climate data, including rainfall
and temperature data between 1975 and 2005 [29], was
obtained from meteorology stations in Akçaabat (3 m altitude) and Giresun (38 m altitude) locations. Based on the
test results, the regions showed a humid climate type [30].
The sample areas were selected according to site regions determined by Kantarcı [27]. The sampling locations were determined on the same altitude level, similar
latitude (40°), aspects (northern aspect), topographic conditions (top of hillslope and middle hillslope), and slope (4070%). In total, sample areas were selected from 20 different locations (10 areas from Trabzon Mountain site in
Akçaabat-Düzköy region and also 10 from Canik-Giresun
Mountain site in Espiye-Karadoğa region). Sizes of the
sample areas were selected as 400-600 m2 black alder
stands with normal crown closure. In each sample area,
one soil profile was excavated and one tree that represents
the stand was cut down. The soil samples were taken from
fixed depth levels (0-10 cm, 10-30 cm. 30-50 cm, 50-80 cm,
and 80-120 cm). Bouyoucos method for mechanical analysis of soil was used to determine particle sizes of the soil
and sand, silt, and clay content of the soil [31]. The soil
type was determined by Tommeroup texture triangle
method [32], and the soil organic matter by Walkley
Black wet oxidation method [33]. Soil pH, field capacity,
wilting point, and available water capacity were determined using oxidizable organic carbon [31, 34]. The analytical characteristics of wood samples, 10 cm thick, were
taken from diameter at breast height of the selected trees.
Wood samples of black alder were collected from
Akçaabat–Düzköy (1000-1260 m altitude) and Espiye-

Karadoğa (1000-1350 m altitude), respectively. Standard
techniques were used in preparation of the wood sections
which were stained with safranin and alcian blue [35];
macerations were prepared using Schultze`s method [36].
In general, quantitative features are based on 25 measurements or counts per character; however, lengths of
axial elements are based on 25 measurements of each cell
type. Terminology used is in accordance with the list of
microscopic features for hardwood identification [37].
3. RESULTS AND DISCUSSION
An anatomical wood characterization of black alder
trees growing on two different sites was studied. An
analysis of variance (ANOVA) test was conducted to
determine significant differences between the wood anatomical characteristics of black alder trees from TrabzonAkçaabat and Giresun-Espiye regions.
The ANOVA test results showed that number of vessels in 1 mm2, ray width, vessel cell length, fiber length,
fiber width, and lumen width had significant differences
(p<0.001) in sample woods from different study areas
(Table 2). The anatomical characteristics, such as number
of rays, tangential and radial diameter of vessels, ray
height, and thickness of fiber showed no significant differences for the different locations.
The sites in Espiye and Akçaabat regions had significantly different mean numbers of vessels in 1 mm2 value.
On average basis, the number of vessels in alder wood
samples from Akçaabat region was 95 while that in the
Espiye region was 102. Even though the study sites are
located on same altitude level, the Espiye region had a

TABLE 2 - Results of variance analysis and changes of some anatomical characteristics of black alder wood in relation to site conditions.
Anatomical features
Number of Vessels
(1 mm2)
Number of Rays
(1 mm)
Tangential Diameter
of Vessel Element (µm)
Radial Diameter of
Vessel Element (µm)
Ray Length (µm)
Ray Width (µm)
Vessel Element Length (mm)
Fiber Length (mm)
Fiber Width (µm)
Lumen Width (µm)
Fiber Thickness
(µm)

Forest site region
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye

Number
of samples
225
200
225
200
225
200
225
200
225
200
225
200
225
200
225
200
225
200
225
200
225
200

1782

Mean ± Std. Dev.
95±16.8
102±17.4
11.6±1.83
11.7±1.69
52.7±28.8
51.9±14.3
54.7±18.5
57.6±22.0
206.8±84.4
215.2±89.6
16.9±2.51
17.8±2.02
842.2±149.4
778.0±118.7
1183.13±181.5
1111.71±175.5
26.0±4.91
23.5±6.97
16.5±4.53
14.4±5.18
4.75±1.23
4.53±1.72

F-ratio

Significance
Level

14.605

0.000

0.026

0.871

0.098

0.754

1.835

0.176

0.861

0.354

12.682

0.000

19.453

0.000

14.285

0.000

16.461

0.000

16.282

0.000

2.166

0.142
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higher mean number of vessels than the Akçaabat region.
The increasing number of vessels might be related to local
ecological factors (mean rainfall and soil properties). The
different rainfall and lithological characteristics lead to
differences in soil characteristics. The differences in the
number of vessels in the alder wood samples for both
sites were caused by differences in available water capacity of the sites. The results showed that the water capacity
for the sample areas in the Akçaabat region with a mean
of 11.7% is higher than that for sample areas in the Espiye
region with a mean of 8.6%. There is a negative correlation between available water capacity and number of vessels in all sample areas [38]. Previous ecological wood
anatomy studies supported this result [23, 39]. Many studies have presented relations to changes of wood characteristics, in terms of location and climate factors, such as
latitude-longitude, altitude, and macro-climate types (rainfall and temperature elements) [16, 40-42]. Impact of micro-environmental factors on changes in anatomical characteristics should also be taken into consideration along with
other mentioned factors.
Sample areas were determined in similar latitudes.
However, the differences in local ecological conditions
caused changes in wood anatomical characteristics. Mean
annual rainfall for the Akçaabat region was 1268.3 mm,
and that for the Espiye region was 1778.9 mm. It is expected that the Espiye region has less number of vessels
in 1 mm2 because of higher rainfall. There are many studies that found negative correlations between total rainfall
and number of vessels in 1 mm2 [43-45]. However, number of vessels in 1 mm2 for Espiye region was higher than
for Akçaabat region, even though Espiye region had high
rainfall. Number of vessels in 1 mm2 differs from region
to region (p<0.001, Table 2).
Local ecological factors (micro-environmental conditions) play an important role on these differences. The most
important ones of these factors are soil-available water
capacity and rainfall. Soil available water content is related to water holding capacity [46]; however, high rainfall
and high water holding capacity do not mean high available water capacity in all cases. Available water capacity
affects size of wood cells, especially tracheae responsible

for affective water transport in angiosperms [47]. Soil
type, soil stoniness, and organic matter content of soil are
major factors that affect soil-available water capacity. In
sites with sufficient rainfall and no summer drought, high
amount of silt and clay content of soil (average 35%) can
create favorable conditions for water requirements of
plants. According to the study areas, the silt and clay
content of the soil was 21.2% in Espiye region while that
of Akçaabat region was 56.6%. The soil in Espiye region
was sandy loam and loamy sand; however, soil of Akçaabat region was clay loam and heavy clay. The soils of
both regions were light soils, and this means, lower field
capacity; thus, lower available water capacity. Espiye
region had lower soil organic matter (4.55%) than Akçaabat region (5.91%) which explains the lower available
water capacity. Lower available water capacity of Espiye
region caused alder woods to have higher numbers of
tracheae in mm2. It has been reported that in areas suffering from water deficiency, the number of vessels tends to
increase [48].
The number of tracheas in mm2 was increased in Espiye region where there was higher annual mean rainfall
but trachea length was decreased due to changes in local
ecological conditions. The length of trachea cells in
Akçaabat region was 842.23 µm while that was 778.05 µm
in Espiye region. The lengths of trachea cells show statistically significant differences in accordance with the study
areas (Table 2). Plants tended to decrease the length of
trachea elements and to increase the number of tracheas in
order to deal with lower available water capacity. Lower
soil-available water capacity in Espiye region induced
shorter trachea length in alder woods. A lower site index
of sample areas in Espiye region also supported this result. There is a positive correlation between tree height
and trachea length [39, 43]. As available water capacity
increases, wood elements tend to be longer and wider.
However, these elements tend to be smaller and narrower
with lower available water capacity [49].
There are no statistically significant differences between radial and tangential diameter of trachea elements
between the study areas. However, the Espiye region with
lower available water capacity had a larger radial diame-

TABLE 3 - Some soil characteristics of soil samples taken from the study areas.
Soil characteristics
Sand (%)
Silt (%)
Clay (%)
Available Water
Capacity (%)
pH
Organic Matter (%)

Forest site region
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye
Akçaabat
Espiye

1783

Number of samples
45
40
45
40
45
40
45
40
45
40
45
40

Mean ± Std. Dev.
43.7±8.63
78.7±6.27
21.1±6.32
10.2±3.14
35.5±8.45
11.0±4.18
11.7±7.13
8.6±3.03
5.34±0.52
4.54±0.63
5.92±5.38
4.56±3.71
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ter of vessel elements (57.60 mm) than Akçaabat region
(54.72 mm). Tangential diameter of trachea element values was similar (Akçaabat 52.70, Espiye 51.90). The
trachea diameters were smaller in water deficiency periods in soil [47].
Forest trees change the number and shape of trachea
units to adapt to environmental conditions and use water
more efficiently [50]. It has been reported that smaller
vessels provide safer water movement while larger tracheas provide an effective role in increase of photosynthesis capacity and water transport [50, 51]. In order to
maintain the same amount of water movement, both trachea numbers and their diameters can be changed according to habitat conditions. The number of 256 tracheas
each having 10 µm diameter or the number of 16 tracheas
each having 20 µm diameter can carry the same amount
of water as one trachea having 40 µm diameter [52]. It
has been reported that a lower size of tracheas also related
to temperature of their habitats (cold or dry) [50].
There are statistically significant differences (p<
0.001) between study sites in accordance with wood anatomical characteristics of black alder, such as fiber length,
fiber width, and lumen width. These 3 characteristics were
lower in Espiye region than in Akçaabat region (Table 2). In
a previous study, significant differences were found between
study areas with similar ecological characteristics (Trabzon region and Giresun region), in accordance with fiber
length and lumen width, but there was no significant difference in terms of fiber width [43]. In a study by Merev [43],
the fiber length, fiber width, and lumen width of alder
woods in Giresun and Trabzon regions were 1.020 mm and
1.173 mm, 27.39 µm and 27.22 µm, and 16.70 µm and
15.97 µm, respectively. Fiber wall thicknesses of the same
tree were 5.05 µm for Giresun region and 5.52 µm for
Trabzon region. Study areas were located on northern aspects, on 1105 m and 1135 m altitude, with 30% and 60%
slope [43].
In this study, fiber length, fiber width, and lumen
width of black alder woods in Espiye region were
1111.71±175.5 mm, 23.5±6.97 µm and 14.4±5.18 µm,
respectively. The same characteristics in Akçaabat region
were 1183.13±181.5 mm, 26.0±4.91µm, and 16.5±4.53µm,
respectively. The mean fiber thickness of the wood samples in Espiye region was 4.53 µm, and 4.75 µm for Trabzon-Akçaabat region. In this study, there is no statistically
significant difference between study areas in accordance
with fiber thickness values, as also reported by Merev
[43].
Tracheid and libriform fibers generally form ground
tissues in woods of broad-leaved trees. Ground tissue of
black alder is formed by tracheid fibers [11, 43]. There is
a significant difference between (Table 2, p<0.001) the
study areas (Espiye and Akçaabat regions) in accordance
with fiber characteristics (fiber length, fiber width, lumen
width, and fiber thickness) of black alder, except for fiber
thickness. In a study on North Eastern Mexico, fiber
length showed significant differences between different

study sites [53]. In that study, it was also reported that
fiber length increased with increased rainfall [54]. Some
studies exhibited negative correlation between altitude and
fiber length [18]. This means fiber length shortens as altitude increases. The reason is decrease of available water
capacity when altitude increases, and vegetation period
shortens depending on decreasing temperature.
Both sites had similar mean temperatures (Akçaabat
9.2 °C, Espiye 9.6 °C). It is interesting that Espiye region
had lower fiber lengths, even though this region had higher
rainfall and water amount than the other study region. The
reason of this result might be the micro-environmental
factors, especially soil properties. Also, another reason can
be the high annual potential evapotranspiration in Espiye
region. Low inorganic and organic soil colloids in Espiye
region might be the reason, since inorganic and organic
soil colloids hold water in soil and increase available
water capacity.
In previous studies, changes in anatomical characteristics were related to a general ecological factor (latitude)
[55], micro-environmental factor (altitude) [22, 56, 57],
and climate factor (rainfall) [56, 58, 59]. As the effects of
these factors cannot be ignored, the effects of tree habitat
conditions (especially soil and related water relations) on
wood anatomical properties should not be ignored too [1].
In some studies, negative correlations between the altitude
levels and fiber lengths were found. Thus, as altitude increases, wood fiber length is shortened. However, at the
same altitude levels, statistically significant differences
were identified in anatomical characteristics of wood
samples depending on the parent materials and soil properties. Mean values of fiber measurements of alder tree
wood samples taken from both study sites showed that
fiber characteristics (fiber length, fiber width, lumen
width, and fiber thickness) in Giresun-Espiye region were
smaller than those in Trabzon-Akçaabat region. The reason for the smaller size of fiber elements is likely to be
related to an increased number of tracheas due to low
available water capacity in Giresun-Espiye region.
4. CONCLUSIONS
Anatomical characteristics of trees change depending
on their genetic structure as well as local and general
ecological factors. Rainfall and temperature, altitude and
latitude are important ecological factors that affect size of
wood elements. Wood elements of alder trees from two
different sites, that were on the same altitude level and on
similar latitude but with different local ecological conditions, were different in size and number. These differences in anatomical structure directly affect mechanical
and technological properties of wood. This determines the
usage of wood. In previous studies, it has been reported
that number of tracheas in 1 mm2 decreased with increased rainfall [59, 60]. This is also expected when other
conditions are the same. In this study, Espiye region ex-
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hibited higher numbers of tracheas in 1 mm2 than in
Akçaabat region where annual mean rainfall was lower. It
can be considered that the available water capacity and
annual evapotranspiration rate affected the trachea length
along with high rainfall in Espiye region. Trachea element
length, fiber length, fiber width, lumen width, and fiber
thickness were low in Espiye region where available water
capacity was low. Wood ray height and width were found
to be higher in Akçaabat region. Local environmental factors should also be taken into consideration along with
general environmental factors for relations of wood anatomical characteristics between species or within the same
species.
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ABSTRACT
Heavy metal contamination of rivers in urban–rural
ecotones is of significant interest in the process of rapid
urbanization. Heavy metal contamination was assessed,
and heavy metal release kinetics were analyzed for the
surficial sediment of the Jiangan River lying in the urban–
rural ecotone of Chengdu. Heavy metal concentrations
(Cu, Pb, Cr, Ni, Mn, Zn, and Cd) were determined for
sediment samples taken from four sites using the atomic
absorption method. The heavy metal contamination of the
river was assessed using the geo-accumulation index
method. The sediment samples from the three sites were
polluted by Zn and Cu. The amounts of Zn and Cu released from the sediments to the water were minimal, and
the release occurred under acidic conditions. The released
amount decreased with increasing pH value until pH 4. A
large sediment size releases a large amount of heavy metals. The quantity of released Zn was more than that of
released Cu. The release kinetics can be described by the
double constant and Elovich equations. The release characteristics of heavy metals from sediments in urban–rural
ecotones are similar with those in urban ecotones.

KEYWORDS: Urban rural ecotone, sediment, heavy metal, releasing kinetics

1. INTRODUCTION
Heavy metal contamination is a cause for concern because of its effect on the environment. Heavy metals in the
environment could not be degraded in nature but could be
bioconcentrated and bioaccumulated by food chains [1].
Toxicity occurs when heavy metal concentration reaches
a certain degree. Most heavy metals are classified as priority pollutants [2]. These pollutants could originate from
the natural environment as well as from anthropogenic ac* Corresponding author

tivities being the main sources. These pollutants are imported
into water by atmospheric deposition, runoff, and sewage
discharge. Most heavy metals are stored in surficial sediments [1]. Sediments serve as both sink and source of heavy
metals [3]. When water conditions, such as pH, temperature,
redox conditions and hydraulic conditions, change [4], the
heavy metals in the sediment would be released to the
water, thus causing secondary pollution [5, 6]. Heavy metals exist in six forms: water-soluble, exchangeable, carbonate-bound, iron-manganese oxides, organic-bound,
and residual fractions [7]. Water-soluble heavy metals can
be used directly by living creatures. The sharp rise in the
concentration of water-soluble heavy metals can expose
aquatic organisms to harm [8], thus being a significant risk
for the aquatic ecosystem.
Urban–rural ecotone is the transitional zone from city
to country [9]. With rapid urbanization and industrialization, the change in the land-cover of urban–rural ecotones
has caused a variation in the aquatic environment [10].
In this study, the Jiangan River, which is located in the
urban–rural ecotone of Chengdu, was selected to assess
heavy metal contamination and to determine the characteristics of the release kinetics of heavy metals. In 2011, the
conductivity of the water in the Jiangan River was reportedly higher than normal, such that the water was inferred
to be polluted by heavy metals [11]. However, the extent
of contamination was not clear. Therefore, the present
study aims to clarify the heavy metal contamination of
sediments and find the regular pattern of heavy metal release from the sediments. Three factors, such as particle size
of sediment, pH value, and time, were considered, because
other factors existing in nature environment are changeable.
2. MATERIALS AND METHODS
The reach of the Jiangan River, which is located between Shuangliu County and Wuhou District, is in the
urban–rural ecotone of Chengdu [12]. Wastewater from
small businesses is discharged into this river. Urban and
rural run-off also pours into this aquatic environment.
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Four sediment sampling locations were selected, as shown
in Fig. 1. Approximately 1000 g of sediment was taken
and placed in a plastic bag for every sampling location.
The samples were transported to the laboratory. Sediment
preparations were performed by air-drying, powdering,
and passing samples through a No. 140 sieve.

atomic absorption was used to measure Cu and Zn in the
solution.
3. RESULTS AND DISCUSSION
To assess the level of heavy metal contamination in
the sediments, the geo-accumulation index was calculated
using the following formula [15]:

I geo = log 2 !$Cn / (1.5 × Bn )"% ,

FIGURE 1 - Sampling locations

Particle size analysis was conducted for the prepared
sediment samples because the heavy metal content of
sediments is related to particle size [13].
Approximately 0.5 g of the prepared sample was
placed in a beaker and digested by HCl-HNO3-HClO4 to
measure Cu, Zn, Ni, and Mn. Another 0.5 g of the prepared sample was digested by HCl-HNO3-HF- HClO4 to
measure Pb. Approximately 0.5 g of the prepared sample
was digested by HCl-HNO3-HF to measure Cr. All digested samples were AAS-analyzed [14].
Approximately 5 g of the prepared sediment samples
from sampling locations 1, 3, and 4 were separately placed
in beakers. Three kinds of solution (pH 2, 4, and 6) were
modulated by HNO3 and NaOH. The solution was added
to the sediment samples according to a mud-to-water ratio
of 1:10. After the solution was shaken for 5 h at 22 °C, 20 ml
of the solution was extracted, centrifuged, and passed
through a 0.5-µm membrane. Then, 10 ml of the sieved
solution was placed in a 25-ml volumetric flask, to which
0.5 ml concentrated nitric acid was added. Flame atomic
absorption was used to measure Cu and Zn in the solution.
Approximately 10 g of the prepared sediment from
sampling location 3 was placed in a beaker, and 500 ml of
nitric acid (pH 3) was added because the released amount
of Cu and Zn is large under this pH value as the above
experimental results have shown. The solutions at 22 °C
were shaken separately for 4, 6, 15, 24, 48, and 72 h. Then,
20 ml of solution was extracted, centrifuged, and passed
through a 0.5-µm membrane. Thereafter, 10 ml of the
sieved solution was placed in a volumetric flask, to which
0.5 ml of concentrated nitric acid was added. Flame

where, Cn is the total heavy metal constant in sediments, and Bn is the earth chemical background value of
the element.
The geometric means of Chinese soil elements were
selected as the background values [16]. The geo- accumulation indexes were calculated based on the heavy metal
content (Table 1). The results are shown in Table 2.
Table 2 shows that sampling locations 1, 3, and 4
were polluted by Cu and Zn. The area around the three
sampling locations was urbanized rapidly and was, consequently, polluted by industry and agriculture. The particle
size distribution is shown in Fig. 2.The particle sizes of
the samples from the three sampling locations are smaller
than that of the sample from location 2, with the lowest
I geo of Cu and Zn observed also at location 2.
Figure 3 shows that the release capability of Zn is
larger than that of Cu in the sediments from the three
sampling locations. The released amounts of Zn and Cu at
different pH values exhibit the following pattern: location
4>location 1>location 3. The particle sizes of the samples
from locations 3 and 1 are larger than that of the samples
from location 4. Thus, we can deduce that the release
capability of Zn and Cu in sediments is related to particle
size. In the acidic range, the released amount of heavy
metals decreases as pH value increases. At pH>4, the
TABLE 1 - Heavy metal content in superficial sediments of sampling locations.
Trace element
Cu
Pb
Cr
Ni
Mn
Zn
Cd

Location no.
1
2
23.2
14.8
14.9
13.7
62.8
36.9
18.2
12.4
488
518
118.0
64.6
0.096
0.077

3
23.2
15.2
47.5
19.8
472
78.3
0.124

4
21.6
17.2
59.0
16.6
486
96.0
0.136

TABLE 2 - Geo-accumulation index of the sediments.
Trace element
Cu
Pb
Cr
Ni
Mn
Zn
Cd

1789

1
0.44
-0.32
0.43
-0.24
-0.16
1.26
-4.55

Location no.
2
-0.21
-0.44
-0.34
-0.80
-0.07
0.39
-4.87

3
0.44
-0.29
0.03
-0.12
-0.21
0.67
-4.18

4
0.34
-0.11
0.34
-0.38
-0.16
0.97
-4.05
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FIGURE 2 - Particle size curves of sediments.

(a)

(b)
FIGURE 3 - Release of Zn and Cu at different pH values.
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FIGURE 4 - Curves of heavy metal release kinetics.

TABLE 2 - Simulation results of parameters of kinetics formulation.
Equation

Zn
a

b

Double constant equation
0.302
2.312
Q=b+a t
Elovich equation
6.489
6.188
Q=b+a t
Parabolic diffusion equation
3.157
10.37
Q = b+at1/2
First-order kinetics equation
0.027
2.655
Q = b+at
Second-order kinetics equation
-0.001
0.061
1/Q = a+bt
Remark: a and b are constant, and r is the correlation coefficient

sediments release minimal Zn, and the released quantity
increases slightly in the alkaline range whereas the released amount of Cu is zero or under the detection limit.
In the acidic range, heavy metal ions may exchange with
H+ responsible for desorption of heavy metals, dissolution
of their precipitate, and finally, their release. In the alkaline range, heavy metals that combine with organic matters may be released [17], but the released quantity is
limited, thus resulting in minimal change.
Sampling location 3 lies in the middle of the Jiangan
River, and the particle size distribution of the sediment in
this location is similar to that in location 1. The sediment
in location 3, as the representative sediment of the Jiangan
River in an urban–rural ecotone, was selected for release
kinetics analysis of Zn and Cu in sediment.
Figure 4 shows the changes in the quantity of released
Zn and Cu over time. Five kinds of equations, including the
second-order kinetics and double constant equations, were
used to fit the curves. Table 3 shows the fitting results.
The results indicate that the release kinetics process of Zn
and Cu can be described by the double constant equation,
which is called the Freundlich correction formula, as well

r

Cu
a

b

r

0.963

0.278

0.996

0.986

0.965

1.544

1.784

0.988

0.913

0.778

2.608

0.963

0.945

0.015

1.417

0.902

0.825

-0.002

0.241

0.887

as by the Elovich, parabolic diffusion, and one-order kinetics equations because the correlation coefficients are greater
than 0.9. However, the double constant and Elovich equations are better than the other two kinds of equations because their correlation coefficients are higher than 0.95.
The conclusion is the same as that in [18], which has
shown that the heavy metal release characteristics of the
sediment in an urban–rural ecotone river is similar to that
in a city river.
4. CONCLUSION
1) The sediment Jiangan River urban–rural ecotone
was polluted by Zn and Cu. A small sediment particle size
causes a large amount of heavy metals to be adsorbed onto
the sediment. Particle size affects the release capability of
heavy metals, and the release capability of sediments with
large particle size is greater than that of sediments with a
smaller particle size.
2) The sediment of the urban–rural ecotone released a
minimal amount of heavy metals, most of which were re-
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leased under acidic conditions (pH<4). In the sediment,
the release capability of Zn was greater than that of Cu.
When the pH value of the aquatic environment changes,
the heavy metals adsorbed by sediments will be released,
thus giving rise to secondary pollution. Chengdu lies in
Southwest China, which is in an acid rain-prone area, and
the secondary pollution caused by the release of heavy
metals adsorbed by sediments cannot be disregarded.
3) The release process of heavy metals in sediments
can be described by the double-constant and Elovich
equations. The heavy metal contamination of sediments in
urban–rural ecotones is affected by urbanization. The
heavy metal release process of urban–rural sediments is
similar to that of urban sediments.
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GINKGO BILOBA EXTRACT (EGb 761) PROTECTS THE MICE
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ABSTRACT
The aim of this study was to investigate the effects of
Ginkgo biloba extract (EGb 761) on oxidative stress and
the histopathological changes in brain tissues of mice exposed to fluoride administration. A total of 24 mice were
divided into 4 groups as control, EGb 761, fluoride and
fluoride+EGb 761, with 6 mice in each group. Control group
received drinking water, fluoride group received 50 mg/L
fluoride in drinking water, fluoride+EGb 761 group was
given 50 mg/L fluoride in drinking water and 20 mg/kg EGb
761 orally by gavage, and EGb 761 group was given only
20 mg/kg EGb 761 orally by gavage for 30 days. At the end
of the experimental period, the levels of malondialdehyde
(MDA) and glutathione (GSH) as well as the activities of
superoxide dismutase (SOD) and catalase (CAT) were
detected, and histopathological examination was conducted
in the brain of mice. The results showed that the levels of
MDA, GSH, and the activities of SOD and CAT in fluoride
group were statistically higher than in the control group.
However, no statistically significant difference was detected
between fluoride+EGb 761 and control group. The neurodejenerative changes seen in fluoride group were not
detected in fluoride+EGb 761 group. It was concluded
that the toxic effect of fluoride was related to the formation of reactive oxygen species, and EGb 761 had a
protective effect by preserving antioxidant enzymes activity in mice brain tissues. Ginkgo biloba extract also prevented the histopathological changes induced by fluoride
administration.
KEYWORDS: Fluoride, Ginkgo biloba, lipid peroxidation, antioxidant enzymes, brain, mice.

the soft tissues, such as liver and brain, by passing through
the cell membranes [3, 4]. The disability of blood-brain
barrier from keeping the fluoride ions out of the nervous
tissue resulted in the accumulation of these ions in the
brain [5]. Fluoride can cause damage by inhibiting the enzymes related to energy generation and transportation, membrane transport and synaptic transmission in brain tissues
[6, 7]. The toxic effects of fluoride may play an important
role in the formation of reactive oxygen species. Nerve
cells in the brain are very sensitive to oxidative stress, and
thus, they can be damaged due to oxidative stress despite
the antioxidant defense mechanisms [8].
Ginkgo biloba extract is prepared from the leaves and
dry fruits of Ginkgo biloba tree. It contains flavone glycosides (quercetin, mainly formed from kaempferol, rutin,
and myricetin) that reduce the release of free radicals [912]. Ginkgo biloba is turned into a preparation, standardized in many countries, which has been named EGb 761
[9, 13]. This preparation consists of 24% ginkgo flavon
glycoside, and special lactons like 6% bilobilade and ginkgolides, and a few amount of ginkgolide J [13]. Physiological activity of Ginkgo biloba extract is due to its antioxidant activity and protective effect against lipid peroxidation
[14]. The EGb 761 can pass through the blood-brain barrier, and shows a broad spectrum activity in the central nervous system (CNS), probably due to the low molecular
weight of the substances found in its structure [15].
To our knowledge, there is no study conducted to determine the effect of EGb 761 on the antioxidant defense
system in the brain of fluoride-induced oxidative stress.
Therefore, the present study was designed to investigate
whether antioxidant levels are changed in response to
EGb 761 administration in fluoride-induced oxidative stress
in mice.

1. INTRODUCTION
Fluoride is an essential trace element [1], but at higher
doses, it is one of the major pollutants that cause environmental pollution through both natural and industrial resources [2]. Fluoride causes various changes in blood and
* Corresponding author

2. MATERIALS AND METHODS
2.1 Chemicals

Sodium fluoride (NaF) was purchased from Merck
(Cat No B0882649). Ginkgo biloba extract (EGb 761) was
obtained from Abdi İbrahim (Tebokan® forte gutts, 9.6 mg/
ml/20 gutts by Dr. Wilmar Schwabe License, İstanbul,
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Turkey). All other chemicals were obtained from Merck
Chemical Inc. (Darmstadt, Germany) and Sigma Chemical Inc. (St. Louis, MO, USA).
2.2 Animals

Healthy female albino mice weighing 40-60 g were
used in the study. The animals were housed in plastic
cages, six in each cage, under a 12-h light/dark cycle (lights
on from 08:00 am) at a constant temperature of 25±2 °C,
with 42±5% relative humidity and free access to standard
chow diet and water available ad libitum. The study protocol was in accordance with the guidelines for animal research, and it was approved by the Ethical Committee of
the Kirikkale University (10/155) and the guidelines set
by the World Health Organization (Geneva, Switzerland).

sections were cut. All tissue sections were stained with
hematoxylin and eosin. Crystal violet (0.1%) stain was
used to demonstrate neurodegenerative findings. Slides
were examined under a light microscope (Olympus BX51,
Japan).
2.6 Statistical analysis

The appropriate sum of squares method was selected
for ANOVA [21]. The data were analyzed by one-factor
ANOVA using the general linear models procedure of
SAS software [22]. Differences between means were determined by Duncan’s multiple range test at a significance
level of P< 0.05.
3. RESULTS AND DISCUSSION

2.3 Experimental design

Twenty-four mice were randomly divided into four
groups of six animals each, and treated as below for 30 consecutive days. Experimental groups were designed as control
group that received daily 0.04 ppm fluoride in drinking water; EGb 761 group that received daily 20 mg/kg EGb 761
orally by gavage; fluoride group that received daily 50 mg/L
fluoride in drinking water; and fluoride+EGb 761 group that
received daily 50 mg/L fluoride in drinking water plus
20 mg/kg EGb 761 orally by gavage for 30 days.
2.4 Analysis of lipid peroxidation and antioxidant status

The trial was finished after 30 days, and all mice
from each group were sacrified under tiopental sodium
(IE Ulagay® AS) anesthesia. Brain was removed, washed
and perfused with normal saline to remove residual blood.
The brain tissues were homogenized 1:10 (w/v) in 12 mM
phosphate buffer, pH 7.4 under ice-cold conditions. The
samples were centrifuged at 3000 rpm for 10 min at +4 °C,
and the supernatant was removed and stored at -80 °C.
These supernatants were used for estimation of various
parameters. Lipid peroxidation (as malondialdehyde, MDA)
levels in brain homogenate were determined using the
method described by Yoshoiko et al. [16] based on the thiobarbituric acid (TBA) reaction. The optical density was
measured at 535 nm by a spectrophotometer (Shimadzu
UV 1208, Japan). Glutathione (GSH) concentrations in all
tissues were determined using the method described by
Sedlak and Lindsay [17]. Catalase activity in tissues homogenate was assayed by the decrease in absorbance of
hydrogen peroxide at 240 nm as per using the method of
Aebi [18]. Superoxide dismutase activity in tissues homogenate was assayed spectrophotometrically as described by Sun et al. [19]. We determined the total protein
levels of tissues by the method of Lowry et al. [20].
2.5 Pathologic examinations

Brains of mice in all groups were fixed in 10% neutral formalin for 48-72 h. Then, tissues were trimmed and
processed for routine histopathological examination. Tissues were embedded into paraffin wax, and 4-5 µm thick

This study was designed to evaluate the effects of
EGb 761 extract against oxidative stress induced by fluoride in mice brain tissues. Fluoride is one of the essential
trace elements but also a potent anion having adverse effects on health when taken in an excessive amount. The
high oxygen demand of concentrated amounts of polyunsaturated fatty acids in brain makes these structures more
sensitive to free radical damage [23]. Brain tissue contains
lower amounts of antioxidant enzymes, such as catalase
and glutathione peroxidase, and it contains a significant
amount of iron ions that stimulate the free radical generation; this tissue has also lower iron binding capacity. These
reasons make brain tissue more sensitive to antioxidant
changes [24].
Exposure to fluoride caused a significant elevation in
MDA (P<0.01) and GSH (P<0.05) levels when compared
with other groups. Superoxide dismutase and catalase
activities were significantly increased in fluoride-treated
group (P<0.001), when compared to the other ones. However, these values in the mice that received fluoride plus
EGb 761, or EGb 761 alone, were close to the control
group (Table 1).
Similar to previous studies [25, 26], fluoride administration caused an increase in MDA level, an indicator of
lipid peroxidation. The increase in the level of MDA was
related to free radicals formed during lipid peroxidation.
Free radicals enter the nucleus and cause DNA breakage
and base changes [27, 28]; as a result, the integrity of the
cell membrane disrupts, lipid peroxidation and cell death
occurs [29]. The conducted studies revealed that oxidative
stress and the exchange of lipid compounds in cell membrane were found to be effective in the pathogenesis of
tissue damage occurring in fluorosis [30, 31].
Membrane damage caused by free oxygen radicals
due to lipid peroxidation has been reported to be eliminated by antioxidant enzymes, such as CAT, GSH-Px,
and SOD [7, 32]. Herein, the activities of SOD and CAT
and level of GSH were increased in the fluoride-given
group as compared to other groups. The increases in CAT
and SOD activities can be explained by compensatory

1794

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

FIGURE 1 -1) Photomicrographs of hippocampus in control group mice (The normal appearance of many neurons (arrows), haematoxylin
and eosin stain; upper right figures show the stain cresyl violet stain; the magnification is 200X). 2) Photomicrographs of hippocampus in
EGb761 administrated mice (The normal appearance of many neurons (arrows), haematoxylin and eosin stain; upper right figures show the
stain cresyl violet stain: the magnification is 200X). 3) Photomicrographs of hippocampus in only fluoride administrated mice (Note the
degenerated neurons (arrows), haematoxylin and eosin stain; upper right figures show the stain cresyl violet stain; the magnification is
200X). 4). Photomicrographs of hippocampus in fluoride and EGb761 administrated mice (Note the neurons have normal appearance, and
degenerated neuron number was marginally less than only NaF-administrated mice (arrows), haematoxylin and eosin stain; upper right
figures show the stain cresyl violet stain; the magnification is 200X).

TABLE 1 - Effects of EGb 761 on fluoride-induced alterations in lipid peroxidation and antioxidant enzyme and molecule levels suggestive of
brain oxidative stress.
Parameters

Control

EGb 761

Fluoride

Fluoride+EGb 761

Brain MDA
11.51b
11.66b
19.63a
12.92b
(µmol/mg protein )
Brain CAT
0.10b
0.10b
0.28a
0.13b
(U/mg protein)
Brain SOD
0.46b
0.55b
0.68a
0.40b
(U/mg protein)
Brain GSH
0.15b
0.13b
0.63a
0.10b
(µmol/mg protein)
a, b
Mean values within a row having differing superscripts are significantly different by least significant differences test.

nature responding to the increased peroxide load in fluorosis. Bharti and Srivastava [25] reported on a reduction
in the level of GSH because it is consumed in the detoxification of H2O2 formed during oxidative stress in rat brain
induced by fluoride administration. Vani and Reddy [7]
also declared a decrease in the activities of SOD and CAT
in rat brain. Our results differ from these studies; this

SEM

P- value

1.06

<0.01

0.02

<0.001

0.03

<0.001

0.08

<0.05

discrepancy can be attributed to the route and dose of
fluoride administration, time duration and individual animal response [26]. In our study, we administrated 50 mg/L
fluoride orally for 30 days to mice; on the other hand,
Bharti and Srivastava [25] fed 150 ppm fluoride orally for
28 days to rats, and Vani and Reddy [7] treated 20 mg/kg
fluoride intraperitoneally for 14 days to mice.
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The EGb 761 has been reported to have an antioxidant
activity that shows a wide spectrum. Flavonoids found in
the leaves of Ginkgo are mainly responsible for the antioxidant activity of this plant. Ginkgo flavone glycosides can
easily pass through the blood-brain barrier [33]. In this
study, EGb 761 extract significantly reduced the levels of
MDA (P<0.01) and GSH (P<0.05) in brain tissue of fluoride-given mice. Such a table supported that Ginkgo biloba,
which has active substances that can easily pass through
the blood-brain barrier, has antioxidant activity in brain.
The activities of SOD and CAT were significantly lower in
fluoride+EGb 761 group when compared to the fluoride
group (P<0.001). There are few studies about the protective
effects of Ginkgo biloba against oxidative stress in brain
[14, 34]. Ilhan et al. [34] showed that Ginkgo biloba administration decreased the level of MDA induced by electromagnetic radiation. Flavonoids remove free radicals and
reactive oxygen species by breaking them [35, 36]. The
changes in MDA, SOD and CAT induced by fluoride were
corrected by EGb761 administration which also decreased
the MDA levels in the brain tissues, parallel with a decrease in CAT and SOD activities
No histolopathologic changes were observed in the
brain regions of control and EGb 761 administrated groups.
The fluoride group, however, showed significant neurodegenerative changes in the various brain regions; such as
the hippocampus, amygdala, motor cortex, and cerebellum.
The hippocampus showed the most noticeable changes
among the various brain regions of the fluoride-treated
group. Additionally, the Purkinje cells in the cerebellum
were the most affected cell population. Neurons were
shrunken and darkly stained with a small nucleus, and
there was a decrease in the cell number. On the other
hand, brain tissues of mice receiving daily fluoride+EGb
761 showed a structure similar to control group.

system, thus causing degenerative changes in the neurons by
inducing oxidative stress. One of the most important findings of this study is that the neurodegenerative changes, as
observed in the fluoride group, were not seen in the fluoride+EGb 761 group.

4. CONCLUSIONS
The results of the present study showed that reactive
oxygen species can play an important role in fluoride
toxicity. The protective effect of EGb 761 extract against
oxidative stress in brain tissues induced by fluoride administration can be attributed to the ability of EGb 761 to
reduce lipid peroxidation. The reduced level of antioxidant enzymes, such as GSH, SOD and CAT, in the fluoride+EGb 761 group and the prevention of the pathological damage in fluoride group by EGb 761 can be considered as a result of the antioxidant defense mechanism. Yet
more studies should be conducted to clarify and to determine the mechanism of damage of the brain by fluoride
and the neuroprotective effects of EGb 761 extract.
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Fluoride can accumulate in the various parts of the
brain, and it can be detected in higher amounts at the hippocampus, when higher amounts of fluoride were taken
[37]. Herein, neurodegenerative changes were seen in the
hippocampus, amygdala, motor cortex and cerebellum of
the fluoride-given group, but the most remarkable changes
were observed in the hippocampus. Chromatolysis with
disintegrated nuclei in Purkinje neurons and shrunken,
pycnotic and hyperchromatic neurons have been reported
in the brain of fluoridated rabbits [38]. In another study,
fluoride administration to mice caused neuronal degenerative changes in the cerebral hemispheres, cerebellum and
medulla oblangata; other than this, chromatolysis, pycnotic nuclei, fatty infiltration and vacuolization were also
seen [39]. Similar to these studies, the most affected cell
population in the cerebellum was Purkinje cells; in addition, the numbers of neurons were decreased, they were
smaller, and little dark stained nuclei were found in the
neurons. The brain tissues in EGb 761-treated group were
found to be similar to control group. The neurodegenerative
changes in the brain tissues of the fluoride-given group can
be attributed to the ability of fluoride to pass the blood-brain
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DINOFLAGELLATE CYST ASSEMBLAGES
IN SURFACE SEDIMENTS FROM HOMA LAGOON
(IZMIR BAY, EASTERN AEGEAN SEA, THE MEDITERRANEAN)
Hilal Aydın*, Emine Erdem Yürür and Serdar Uzar
Celal Bayar University, Faculty of Science and Arts, Biology Department, Muradiye Campus, Manisa, Turkey

ABSTRACT
The occurrence and abundance of dinoflagellate cysts
was investigated for the first time in Homa Lagoon, one
of the most important lagoons of Aegean Coast of Turkey. Twelve cyst morphotypes were identified and cyst
abundance was ranged between 15 and 71 cyst g-1 dry
weight sediment in the study area. Dinoflagellate cyst
assemblages were mainly dominated by cyst of Alexandrium minutum, Spiniferites delicatus, Spiniferites
bulloideus. Sediment types were mainly clay and silty
sand. Dinoflagellate cysts were particularly distributed in
the clay and silty sediment.

Studies on benthic resting cysts are very useful in describing the diversity of a particular area because; cyst
assemblages in sediments can partially reflect the planktonic species [7-9]. In order to understand and locate potential seed-beds the relationship between cysts and sediment
type must be understood. Cyst abundance has been related
to salinity, temperature variations and sediment type [10,
11]. High cyst densities were mostly found in the upper
3 cm of the sediment [12, 13]. Several studies have reported that also cyst accumulations were higher in fine or
muddy sediment rather than sandy sediment in various
coastal marine systems [14-17]. The objective of this
study is to investigate the relationship between dinoflagellate cyst concentration, salinity, temperature and sediment
type in the study area.

KEYWORDS:
Dinoflagellate cyst, Homa Lagoon, Sediment, Aegean Sea

2. MATERIAL AND METHODS
1. INTRODUCTION

2.1 Study area

Lagoons are special water ecosystems and important
components of the marine coastal zone because of being
mixture areas of fresh water and salt water. Depending on
their geomorphologic and hydrological status, lagoons can
be characterized by sharp daily and seasonal variations in
physicochemical parameters like salinity [1]. These estuarine environments have great biodiversity. The lagoons are
also highly productive and ideal systems to establish fishery and aquaculture.
Homa Lagoon is located 25 kilometers to northwest
of Izmir Bay. The Homa Lagoon is also the only active
lagoon for fish trap and harvesting of bivalve (clam, oyster and mussel) in Izmir Bay. There has been few research
on Homa Lagoon: features of the lagoon were investigated such as zooplankton [2], macrobenthos [3], physicochemical properties [4]. There were limited phytoplankton
surveys in the study area [5, 6]. However, there were no
studies on modern dinoflagellate cyst distribution in the
Homa Lagoon.
* Corresponding author

This study was conducted in the Homa Lagoon area,
located at the outer part and northwest of Izmir Bay (38º
31’ 10” N, 26º 49’50” E) (Fig. 1). The lagoon has a surface area of 1800 hectares and its water depth varies between 0.5 and 1 meter [18]. The lagoon is affected by
Gediz River outflow which has been contaminated by
domestic, industrial and agricultural pollutants [19, 20].
Increased shallowness and high temperature in summer
allows the salinity to increase values above 60 ‰ in the
summer season, threatening fish survival in the lagoon.
2.2 Sediment treatment and cyst

11 sediment samples were collected with a TFO (Tokyo University Fisheries and Oceanography Laboratory
Gravity Corer) corer (Figure 1, Table 1). The samples for
dinoflagellate cyst analysis were treated using the palynological method [21]. The upper two cm of the cores was
sliced off and immediately preserved in a refrigerator in
the dark at 4ºC to prevent cyst germination. Sediments
were processed with ca. 10% Hydrochloric acid (HCl)
and ca. 47% Hydrofluoric acid (HF) to remove calcium
carbonate and silicate minerals. The samples were then
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FIGURE 1 - Sampling stations in Homa Lagoon.

TABLE 1 - Station locations and sediment types.
Stations
1
2
3
4
5
6
7
8
9
10
11

Latitude (N)
38º 32’ 47’’
38º 32’ 32’’
38º 33’ 49’’
38º 32’ 20’’
38º 31’ 42’’
38º 31’ 39’’
38º 31’ 37’’
38º 31’ 20’’
38º 31’ 27’’
38º 31’ 19’’
38º 31’ 6’’

Longitude (E)
26 º 49’ 52’’
26º 50’ 8’’
26º 50’ 13’’
26º 50’ 53’’
26º 50’ 41’’
26º 51’ 20’’
26º 51’ 57’’
26º 51’ 45’’
26º 52’17’’
26 º 52’ 26’’
26º 50’ 30’’

repeatedly washed with distilled water to remove the acid
until the pH values were almost seven. The chemically
treated samples were sonicated for 30 seconds and then
successively sieved through two different stainless steel
meshes with 125 and 20 µm opening sizes. The sediments
retained on the latter mesh were transferred into a plastic
tube and resuspended in 10 ml distilled water and preserved in a vial. Identification of dinoflagellate cysts was
carried out on a 1 ml aliquot of processed sample using
Sedgewick-Rafter counting chamber under an inverted
microscope (Olympus IX71with DIC) equipped with a
camera at magnifications 100, 200 and 400 times. Alexandrium spp. cysts were identified by using primuline
staining method [22] under Olympus BX51 fitted with a
filter arrangement for ultraviolet excitation (330-385 nm)
and live cyst were also checked in raw samples (acid free)
by sieving technique. The nomenclature used for describing the dinoflagellate cyst species followes previous publications [21, 23].
Cyst concentration in each sample was calculated as
cyst g-1 dry weight of sediment. For measuring water content, a part of each sample was also weighed in wet condition and then dried into an oven under 70ºC for 24 h. Cyst

Sediment type
Clay
Clay
Clay
Clay
Silty sand
Silty sand
Silty sand
Sand
Silty sand
Silty sand
Sand

concentration in each sediment sample was calculated by
the following formula: N/W(1-R), where N is the cyst
number obtained by multiplying the counted cyst number
by a coefficient to make 10 ml refined sample; W is the
weight of sediment sample under wet conditions and R is
the rate of water content of the sediment sample.
The diversity of dinoflagellate cyst was monitored in
this study by using the Shannon-Weiner diversity index of
species [24]. Shannon-Weiner Index (H') was calculated
for each station based on the proportion of each cyst taxon
in the sample and total number of cyst taxa. PAST (2.17)
was used to make all diversity calculations for this study.
2.3 Sedimentological Analysis

Sediment samples from the field were dried on the
bench in the laboratory. The samples are subdivided into
four parts. Two samples each ranging between 500 and
1000 grams were taken from the two of these four parts
and put into the oven in a container. The samples were
kept in the oven for 24 h. at 105 ± 5°C. Then the samples
were removed from the oven and left to cool. They were
weighed with 0.1 g precision and were completely covered with pure water. The dispersion of clay pellets was
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done for about 24 h. The samples whose initial dry
weights were determined and sieved with a 75 µm mesh
size (No. 200) under water. In this way, fine and coarse
material were separated from each other. The material
remaining in the 75 µm mesh size (No. 200) was dried
once more in the oven for 24 h. at 105 ± 5°C. From the
difference between initial and final dry weights, finegrained part (sediment) was sieved using a 75-µm mesh
size (No. 200) and was calculated by percentage of
weight. This calculation made it possible to determine the
total amount of the silt and clay content in the sediment.
Thus, the percentage of the sediment content of the material was determined [25].
Water temperature and pH were measured in situ using portable pHep-pH Electronic Papier from surface
water. Salinity was determined in the laboratory using the
Strickland and Parsons [26] method.
3. RESULTS
3.1 Dinoflagellate cyst compositions and distribution

A total of 12 taxa of dinoflagellate cysts representing
six genera, 10 species were identified in the study area
and two cyst taxa were identified to genus level (Table 2).
These dinoflagellate cyst assemblages comprised eight
gonyaulacoid species, two calciodinelloid species and two
diplopsalid species in the sampling area. The gonyaulacoid cyst abundance was dominant (94%) and other cyst
abundance was very low (calciodinelloid species 4% and
two diplopsalid species 2%). Cysts of Alexandrium minu-

tum Halim (oval in lateral view and almost circular in
apical view) (47%) were most abundant at most stations,
followed by Spiniferites delicatus Reid (16%) and Spiniferites bulloideus (Deflandre et Cookson) Sarjeant
(11%). Furthermore, cyst of Alexandrium affine (Inoue et
Fukuyo) Balech (the spherical cyst) (6%) and Lingulodinium machaerophorum (Deflandre et Cookson) Wall
(3%) are known to be potentially harmful algal organisms
[15]. Cyst of Oblea acanthocysta H. Kawami, M. Iwataki
et Matsuoka and Dubridinium caperatum Reid were observed as heterotrophic cysts out of lagoon (station 11).
Dinoflagellate cyst assemblages observed and total
concentrations of cyst ranged between 15 and 71 cyst g-1
dry sediment in 11 sampling points. The highest value of
total cyst concentration was recorded at station 2 and the
lowest was recorded at station 5 and 6. The number of
dinoflagellate cyst species ranged between 2 and 6. The
highest numbers of cyst morphotypes were recorded at 2,
3 and 9. According to our data, the Shannon-Weiner diversity index results ranged between 0.57 and 1.58 in the
Homa Lagoon. The highest value was found at station 11
out of the lagoon and the lowest value was recorded at
station 6 in the lagoon.
Sediment types are shown in Table 1. Sediment type
was found as clay at station 1, 2, 3 and 4. Only two station of sampling area (station 8 and 11) were determined
sandy sediment type. Other stations (5, 6, 7, 9 and 10)
were observed as silty sand sediment type. Environmental
data is also shown in Table 3.

TABLE 2 - Species composition and concentrations (cysts g-1 dry weight sediment) in Homa Lagoon.
Station
Autotrophic species
Gonyaulacoid Group
Cyst of Alexandrium affine
Cyst of Alexandrium minutum
Lingulodinium machaerophorum
Spiniferites bentorii
Spiniferites bulloideus
Spiniferites delicatus
Spiniferites hyperacanthus
Spiniferites mirabilis
Calciodinelloid Group
Cyst of Scrippsiella sp1
Cyst of Scrippsiella sp2
Heterotrophic species
Diplopsalid Group
Oblea acanthocysta
Dubridinium caperatum
Total Concentration of cyst
Autotrophic taxa number
Heterotrophic taxa number
Total taxa number
Shannon-Weiner index

1

2

3

4

5

6

7

8

9

10

11

0
9
0
0
5
9
0
0

12
39
0
4
8
4
4
0

0
27
11
0
5
16
5
0

0
52
0
0
0
6
0
6

0
0
0
0
7
4
0
0

4
11
0
0
0
0
0
0

3
0
0
3
0
18
0
0

0
18
0
11
0
0
4
0

0
3
0
5
3
3
3
3

4
27
0
0
15
0
0
0

0
3
0
0
3
3
0
0

0
0

0
0

0
5

6
0

0
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0
23
3
0
3
1.06

0
0
71
6
0
6
1.36

0
0
69
6
0
6
1.56

0
0
70
4
0
4
0.85

0
0
15
3
0
3
1.06

0
0
15
2
0
2
0.57

0
0
24
3
0
3
0.73

0
0
33
3
0
3
0.95

0
0
20
6
0
6
0.57

0
0
46
3
0
3
0.79

3
5
17
3
2
5
1.58
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TABLE 3 - Environmental data measured in Homa Lagoon.
Temperature (ºC)

Salinity (‰)

DO (mg/l)

Ünsal et al. [4]

9.5-28.5

30.3-54.2

5.2-12.2

-

Atilgan and Özdemir [27]

10.2-28

40.36-70.20

4.0-8.0

7.6-8.2

Serdar et al. [28]

8.0-32.0

38.0-43.0

8.8-11.2

6.87-7.43

Yazici and Buyukisik [29]

6.4-28.0

31.0-54.25

4.3-13.4

6.5-7.8

Bayhan et al. [19]

9.0-29.0

24.96-52.60

4.8-12.4

7.85-8.27

Can et al. [30]
Serdar and Lök [31]
Sabancı [18]
This study (May, 2012)

pH

3.4-26

33.1-61.6

2.3-9.6

8.0-8.8

6.0-32.0

38.0-43.0

8.8-11.2

6.95-7.43

4-28.8

34.42-64.12

6.0-28.0

8.17 max

21.9-24.9

26.17-29.0

-

7.07-8.08

4. DISCUSSION AND CONCLUSION
This study provides data on dinoflagellate resting
cysts in shallow and high salinity coastal lagoon in Aegean Sea, Eastern Mediterranean. In addition, our data are
the first to document the dinoflagellate cyst abundance and
composition, including potentially toxic species (cyst of
Alexandrium affine, cyst of Alexandrium minutum, Lingulodinium machaerophorum) in surface sediment from
Homa Lagoon.
12 dinoflagellate cyst morphotypes were observed in
the study area and cyst concentrations was ranged between 15 and 71 cyst g-1 dry weight sediment in sampling
area. Total cyst abundances broadly reflect dinoflagellate
cyst production in certain geographic areas [32], although
biotic (germinating, grazing, bioturbation, degradation)
and abiotic factors (cyst deposition, sediment type) also
affects this abundance. Several studies have reported that
high cyst accumulations are recorded in fine grained rather than in sandy sediments in various coastal marine
systems [7, 14, 16, 17, 33]. However, the linkage between
sediment and cyst concentrations is not well understood
[34]. In Homa Lagoon sampling stations sediment type
were found to be mostly clay and silty sand. At stations 1,
2, 3 and 4 highest concentrations of cyst were detected
where the sediment type was clay. In contrast, stations 5,
6 and 11 showed low cyst concentrations and the sediment type was mostly silty sand or sand. This results
supports that dinoflagellate cyst should be more common
in clay rich sediments rather than sandy sediment [35].
Previously, respectively 31 and 36 cyst types were
reported in Izmir Bay, south of the lagoon [36, 37]. Forty
taxa were identified in lagoons of southern New England
[38]. 126 cyst morphotypes were reported from the Ebro
River delta (northwestern Mediterranean Sea) [39]. Fiftythree cyst morphotypes were reported from three lagoon
of the northwestern Mediterranean [40]. The lower cyst
concentration and number of morphotypes found in the
present study is in contrast to other areas. The spatial
distribution of dinoflagellate cyst in marine environments
is mostly controlled by water temperature and salinity
[41-43]. Dinoflagellate vegetative cell distribution and
encystment is affected by salinity in transitional waters

and coastal marine areas. The lower cyst concentrations
and number of morphotypes were related to lower salinity
values in other lagoon areas [38, 40, 44, 45]. However,
total cyst concentration and morphotype numbers were
lower in the Homa Lagoon, which was characterised by
high salinity (25-70 psu) [18,30]. High abundance of
Spiniferites spp. was observed in lower salinity areas
[33, 46]. Different from these results, five Spiniferites cysts
(Spiniferites bentorii, S. bulloideus, S. delicatus, S. hyperacanthus, S. mirabilis) were observed in the sampling area
and Spiniferites was found to be more abundant compared
to the other taxa in Homa Lagoon.
The distribution of dinoflagellate cysts might be controlled by biological and ecological factors. Concurrently,
oligohaline environments are reported to present low
species number. Estuarine and nutrient enriched areas are
important habitats for dinoflagellate species and environmental conditions can affect cyst production. Homa lagoon
has an eutrophic characteristic [4] and has been affected by
some anthropogenic pollutants which are expanded from
Izmir Bay. The lagoon is also affected by Gediz River
outflow which is polluted by waste of agriculture, industries and domestic. Other studies also show that the decrease of cyst abundances and morphotype number is in
relation to industrial pollution and eutrophication [47].
According to Uluturhan et al. [48], Homa Lagoon sediments were heavily contaminated with Cr and Ni due to
agricultural drainage water, industrial and domestic
wastewater transported by the Gediz River. They are also
pointed out that these metals may cause potential biological risk for the lagoon.
In this study, Spiniferites delicatus and Spiniferites
bulloideus dominated the assemblages together with cyst
of Alexandrium minutum. S. delicatus is distributed with a
salinity range between 29.5 and 36.6 ‰ and is coastal
temperate to tropical species tolerating high sea-surface
salinities [49]. S. bulloideus (in S. ramosus group) is distributed with a broad temperature and salinity range between -1.7 and 29.1 ºC and 21.3 and 36.7 ‰ and has a
cosmopolitan distribution [49]. Spiniferites bentorii was
also identified in the present study. Although S. bentorii
has been observed in surface sediments of southeastern
Black Sea, the Marmara Sea [45, 50], the South China
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Sea and coastal regions off southwestern Australia [49]
and the Bahía Blanca estuary, Argentina [51, 52], it is
found in the Gulf of Oman with hypersaline conditions
with salinities >40 ‰ [53]. L. machaerophorum, S. mirabilis and S. hyperacanthus were also reported with a very
broad salinity range [54]. L. machaerophorum was distributed with salinities between 16.9 and 36.7 ‰. S. mirabilis and S. hyperacanthus were reported exceeding sea
surface salinity of 28 ‰ with fully marine environments
[49]. At these sites seasonal contrast is large and summer
SST varies between 10.7 and 15.1 °C. SSS can be reduced
seasonally or throughout the year for instance by river
discharge e.g. in the Black Sea and Marmara Sea. High
relative abundances of Spiniferites mirabilis occur in
eutrophic regions [40, 49, 53, 55, 56]. Our study shows
that cyst composition and distribution might be affected
by environmental parameters such as salinity and temperature in the study area.

The authors have declared no conflict of interest.

In the present study, gonyaulacoid and calciodinelloid
groups were identified in stations inside the lagoon. However, diplopsalid cysts were only observed at the station
which is located outside of the lagoon. It is previously
suggested that some heterotrophic species (e.g. Protoperidinium spp.) can show higher abundance in higher salinity
coastal areas [40, 57]. Shallow and eutrophic areas also can
be important habitats for small autotrophic species for
example Scrippsiella [40, 58, 59]. As a contrast of this
result, Gonyaulacoid cysts were found more abundant and
heterotrophic cysts were not found in any stations in the
lagoon. Heterotrophic cyst distribution might be controlled
by feeding behavior (diatoms and small flagellates) whereas
autotrophic cyst distribution is related to availability of
nutrient and light limitation. To compare all data, the Homa
Lagoon are poorly studied and there is not much detailed
studies to discuss on dinoflagellates and environmental
parameters. Therefore, additional sampling in Homa Lagoon is necessary to understand distribution of dinoflagellates (motile and cyst forms) in Lagoon ecosystem.
The ecology of the resting dinoflagellate cysts in lagoon systems is a complex phenomenon and lagoon areas
might show extreme and different hydrodynamic features.
The present work was aimed at assessing the concentration and distribution of resting cysts in the sediment of
Homa Lagoon for the first time. To improve our understanding of distribution and abundance of dinoflagellate
cysts in the lagoon systems, detailed further studies should
be done including biotic (phytoplankton and zooplankton
activity) and abiotic (physicochemical features) affecting
factors in a certain study area.
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ABSTRACT
Bacteria capable of cellulose degrading are spread
among phylogenetically diverse groups. The purpose of this
work was to study the microbial diversity and cellulosedegrading capacity of bacterial strains isolated from forest
soil of Myanmar. In this study, molecular methods were
used to determine the genetic diversity of culturable cellulose-degrading soil bacteria. Cellulose-degrading isolates
from soils were grouped into 10 types according to the colonial morphology and physio-biochemical characteristics.
Each isolated bacterial strain was picked to sequencing for
the construction of a phylogenetic tree. The tree obtained
from the sequences revealed three major branches exhibiting highest identity to the following genera: (i) Bacillus,
(ii), and (iii) Escherichia. The content of reducing sugars,
CMCase and CFU were measured, and representative types
selected from each of these categories were compared.
Majority of the isolates with high cellulose-degrading efficiency belong to Bacillus, but isolate F belongs to Streptomyces, and possesses the highest capacity of cellulose degradation; therefore, it has a greater potential to serve as
plant growth promoting rhizobacterium.
KEYWORDS: Soil, cellulose degrading, 16SrDNA, phylogenetic
diversity, capacity

1. INTRODUCTION
Cellulose is the major carbohydrate synthesized by
plants. Therefore, the biomass of cellulose-degrading bacteria represents an important part of the carbon cycle within
the biosphere [1]. The whole world is strongly expanding
the role of biomass as the alternative renewable resource to
reduce the need for oil and gas imports. It is an active way
to promote the growth of agriculture, rural economies and
forestry.
Meanwhile, cellulosic waste-materials, including agricultural, forestry and municipal wastes, are among the
* Corresponding author

Earth’s most available and abundant renewable resources
[2]. However, the inhomogeneous and stubborn nature of
cellulosic wastes present a major obstacle for conventional
conversion processes in renewable resources and environmental restoration [3]. One of the best strategies for rapid
release of reducing sugars from cellulosic waste materials
is to select highly active cellulose-degrading bacteria
(CDB). Meanwhile, CDB and their enzymes for bioenergy
conversion processes are key aspects in the development of
alternative fuels including sugars and bioethanol [2]. There
are large numbers of microorganisms present in the environment that degrade cellulose very efficiently [4].
Cellulolytic microorganisms can be found in all soils
where cellulosic waste accumulates. They usually occur in
mixed populations comprising cellulolytic and non-cellulolytic species, which often interact synergistically, ultimately converting it into carbon dioxide and water under anaerobic conditions [1]. Cellulolytic microorganisms are found
among a variety of taxonomic groups. Most of them belong
to eubacteria and fungi, but anaerobic, cellulose-degrading
protozoa have also been found in the rumen [5].
Bacteria capable of cellulose degradation are frequently isolated from extremely variegated environments, such
as compost systems, wastewaters, and thermal springs [68]. Cellulose-degrading ability is present in many phylogenetically diverse groups of bacteria [9]. However, few
studies have been performed to determine the taxonomic
diversity of the cellulose-degrading bacteria in soils. In
these studies, the cellulose degrading isolates belong to a
large range of three genera: bacteria, fungi and, more recently, actinomycetes. Some researches were carried out to
classify the strains, but there were no further measurements for enzyme activities.
Cellulose degradation is a microbial process in a variety of natural environments. Studies on the microbial diversity in natural environments or enrichment cultures usually involve the analysis of the genes encoding the small
subunit rRNA (16S rRNA in bacteria). In a previous study,
the morphological analysis of the isolated microbes and a
check for the activity of cellulose-degrading bacteria were
combined [4]. These isolates obtained were distinguished
by amplified ribosomal DNA restriction analysis (ARDRA).
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This study demonstrated that ARDRA technique can be
used as a rapid and accurate method to identify and separate the cellulose-degrading bacteria.
In the present paper, bacteria with cellulose-degrading
capability were isolated from three soil samples (Myanmar
forest soil), and their cellulose-degrading ability was evaluated. We successfully applied restriction fragment length
polymorphism and sequencing of the 16S rRNA for classification. The Bacillus strains had the largest number
among the filtered strains, but there were Streptomyces
strains with high cellulolytic and enzymatic activity as
well.
The aims and objectives of this investigation were,
therefore, to isolate and purify the cellulosomes from microorganisms. Relationships between the phylogenetic classification of cellulolytic soil bacteria, and of their contrasting ability to CMC, to content of cellulose, to reducing
sugars and CFU were revealed in more detail. This study
helped us to select one high-efficient isolate for further
investigation.
2. MATERIALS AND METHODS

picked into liquid LB medium to be cultured, and the
bacterial suspension was stored at -20 °C in glycerine for
later use.
2.3 Amplified ribosomal DNA restriction analysis (ARDRA)

Isolation of chromosomal DNA and polymerase chain
reaction (PCR) amplification of 16S rDNA were performed
as described before [11]. Bacterial 16S rDNA were PCRamplified from the genomic DNA with the bacterial primers F27 (5’-AGA GTT TGA TCM TGG CTC AG-3’)
and R1492 (5’-TAC GGY TAC CTT GTT ACG ACT T3’). Briefly, after amplification, the PCR products (10 µl)
were digested with the restriction endonucleases AluI and
RsaI (Appligene, France) for 16 h at 37 °C, and BstUI
(Ozyme, Saint-Quentin-en-Yvelines, France) for 4 h at
60 °C; the obtained fragments were then separated on
2-3.5% (w/v) Metaphor agarose gels, depending on the
fragment sizes to be distinguished. DNA fragments were
sized by reference to DNA molecular mass marker III.
The gels were stained with ethidium bromide and documented with a video camera image system. Restriction
profiles were classified depending on the presence or absence of fragments for each enzyme.
2.4 Sequencing and analysis of data

2.1 Sample collection and chemical characterization

Soil samples were aseptically obtained along the
Myanmar forest soil, and three samples were taken from
the middle layer (5-25 cm) of the soil located in Myanmar, in May 3, 2011. The soil samples were collected
from three regions: 23º50' N, 96º19' E (A1), 24º09' N,
96º34' E (B1), and 24º27' N, 96º26' E (C1). Care was taken
to minimize any possible exogenous microbial contamination during sampling and post-sampling processing. The
samples were transported to the laboratory in sterile tubes
on ice and stored at 4 °C until analysis.
Elemental compositions of the forest soil samples were
characterized by using the potassium dichromate volumetric method for organic carbon and analyzing the concentrations of SO42-, K+, Mg2+, P, N, and Si in soil [10].
2.2 Enumeration, isolation and cultures of bacteria

Total aerobic soil bacteria and cellulose-degrading
bacteria were enumerated by using the most probable
number (MPN) method. Soils were suspended and serially
diluted in sterile water. The soil materials were used to isolate cellulose-degrading bacteria. The medium was supplemented with microcrystalline cellulose as the sole carbon
source. Soil samples (1 g) were dissolved in sterile water,
and the bacteria cultures were grown aerobically at 30 °C for
5 days in a shaking incubator. After 5-days incubation, the
generated mixed cultures were grown in Skirrow medium
to isolate pure cellulose-degrading bacteria by serial dilution method, and they were grouped according to the
colonial morphology and physio-biochemical characteristics into 10 types.
The microbial biomass of each strain was grown in
beef extract peptone culture medium. Single colonies were

The 16S rDNA was amplified with Pfu DNA polymerase (Promega, USA), cloned into pGEM-T Easy Vectors
(Promega, USA), and transformed into Escherichia coli DH5α (Tiangen, Beijing) competent cells according to the
manufacturer’s instructions. The lysates were used as DNA
templates in subsequent PCR amplification, and the transformants were checked by agarose gel electrophoresis.
Ambiguities were resolved or confirmed by repeated sequencing. One isolate was picked and purified for sequencing from each of the types. The sequences determined in
this study were aligned with the 16S rRNA sequences
retrieved from the GeneBank database. These 16S rDNA
sequences represented all of the isolates’ sequences obtained from each soil. The 10 sequences were compared
to the GeneBank entries by using the Basic Local Alignments Search Tool (BLAST) of The National Center for
Biotechnology Information (NCBI) to obtain preliminary
phylogenetic affiliation of the isolates, and closely related
strains with our isolates were integrated to construct a
phylogenetic tree. The 16S rRNA gene sequences were
aligned using the Clustal X 2.0 program. The phylogenetic tree was constructed using the neighbor-joining (NJ)
algorithm with MEGA 4.1 [12].
2.5 Determination of reducing sugars

Calibration curve of glucose: As glucose standard,
0.2-5.0 mg of glucose per ml, or per 0.5 ml as appropriate,
were used. Then, 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, or 1.6 ml
of different glucose concentrations (mg·ml-1) were transferred to 25 ml test tubes, 1.5 ml DNS reagent were added, and tubes were placed in boiling water for 5 min. After
cooling down to room temperature, % transmittance (T) at
540 nm against a water blank for 100% T was read [13].
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Determination of reducing sugars: The accessible
cellulose is degraded into oligo/monomeric glucose by the
action of biomass-degrading enzymes, typically secreted
by the cellulose-degrading bacteria [14]. Sample (1 g) was
put into a 100-ml test tube, 50 ml sterile water was added,
mixed well and incubated at 50 °C for 20 min. The extract
(including precipitation) was transferred to a centrifugal
tube, and centrifuged for 5 min at 4000 rpm, sterile water
was added, and mixed well. The absorbance of this solution of reducing sugars was translated into glucose production during the reaction using a glucose standard curve
[13].
2.6 Determination of carboxymethylcellulase (CMCase) activity

One unit (U) of enzyme activity was defined as the
amount of enzyme that released 1 mol of glucose per min
under the assay conditions. Substrate solution (1.8 ml)
was added to a 15-ml test tube, preferably using an automatic pipette. Solution was held at 50 °C, 0.2 ml of enzyme solution diluted in citrate buffer was added, and
mixed for a 30-min incubation at 50 °C. Then, 2.0 ml
DNS was added and mixed. After transfer to a rack on the
table, it was heated for exactly 10 min in a vigorously
boiling water-bath containing sufficient water. All samples, enzyme blanks, glucose standards, and the spec zero
controls should be boiled together. Afterwards, solutions
were cooled down to room temperature and sterile water
was added until 15 ml [13]. The optical absorbance was
measured at 540 nm, and the amounts of liberated reducing sugars (glucose equivalents) were estimated against a
glucose standard curve [2].
2.7 Determination of colony forming units (CFU)

Traditionally, quantification of cellulose-degrading bacteria is done by seeding serial dilutions of bacterial suspensions on suitable media, followed by counting colonyforming units (CFU) [15]. Unless otherwise noted, cells were
maintained at room temperature (35 °C) during the sampling
period, and visible colonies were counted for 10 days to
determine the number of CFU present at each sampling
time [16].
3. RESULTS
3.1 Chemical characteristics of forest soil samples

The chemical characteristics of the three samples
used for the isolation CDB are presented in Table 1. The

contents of soil organic carbon (SOC) in A1, B1 and C1
samples were 2.7010 %, 3.0121 % and 2.5504 %, respectively, being similar in all three soils.
3.2 Enumeration of total bacteria

A total of 102 isolates capable of cellulose degradation were identified out of the 812 aerobic bacteria isolated. The percentages of cellulose-degrading bacteria in the
total aerobic bacteria isolated were 12.08% (32 isolates/265) for the A1 soil, 13.36% (41 isolates/307) for B1
soil, and 12.08% (29 isolates/240) for C1 soil (Table.2). A
total of 32, 41 and 29 clone sequences were included in
phylogenetic analysis that generated 8, 10 and 7 operational taxonomic units (OTUs). This shows that isolation
of cellulose-degrading bacteria from soil is timeconsuming as no method exists to obtain cellulosedegrading bacteria directly without purification of the
isolates from large amounts of bacteria.
TABLE 2 - Enumeration (bacterial number·g-1 soil) of total bacteria
(TB) and cellulose-degrading bacteria (CDB) from soils A1, B1 and
C1 and the relative abundance of the cellulos- degrading bacteria of
each soil.
Soil sample

A1

B1

C1

TB
CDB
CDB/TB(%)

265
32
12.08

307
41
13.36

240
29
12.08

3.3 ARDRA analysis

Stringent PCR conditions allowed amplification of a
single DNA fragment. All isolates yielded a band ranging
from 995 to 1202 bp after amplification with the universal
eubacterial primers used. Cellulose-degrading isolates
from all soils were grouped, according to the similarities
of the restriction patterns obtained, into 10 ARDRA types
(Fig. 1). It was apparent that the 4 major branches could
be consistently associated with 4 major groups: (i) B, C,
D, G, J, (ii) F, (iii) H, and (iv) A, E, I. Every minor group
was not associated with any other major group, and the
group showed low similarity with the other major groups.
The number of individual isolates found in each ARDRA
type appears to be highly variable (Table 3). Thus, types
A, B, C, D, G, H, I and J contained 10, 13, 14, 26, 7, 8, 18
and 4 isolates, respectively, while types E and F contained
only a single isolate. Some ARDRA types were observed
at the 3 sampling soils. Comparison at the same sampling
dates of isolates from the soils showed that only ARDRA
types E and F were present in B1 soil.

TABLE 1 - Basic properties of the forest soil used in this study (3 samples aseptically obtained along Myanmar forest soil).
Soil sample

L Location

SO42-

K+

Mg2+

P

N

Si

Organic carbon

A1

23º50'N, 96º19'E

0.0048%

0.0029%

0.0006%

0.0022%

0.5366%

0.0099%

2.7010%

B1

24º09'N, 96º34'E

0.0034%

0.0002%

0.0035%

0.0003%

0.2105%

0.0058%

3.0121%

C1

24º27'N, 96º26'E

0.0045%

0.0068%

0.0039%

0.0041%

0.3797%

0.0061%

2.5504%
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0.66
coefficient

0.73

FIGURE 1 - Dendrogram of the different cellulose-degrading isolate types. The dendrogram was based on ARDRA patterns obtained from
soils A1, B1 and C1. The letter indicates the ARDRA type and the numbers in parentheses are those of isolates for each type.
Table 3 - Isolate number from the 3 soil samples A1 ,B1 and C1, classified by Gram-typing, sequence analysis and ARDRA typing (a Gram
deduced from sequence analysis, +: positive, : negative).
TABLE 3 - Isolate number from the 3 soil samples A1 ,B1 and C1, classified by Gram-typing, sequence analysis and ARDRA typing (a Gram
deduced from sequence analysis, +: positive, －: negative).

A
B
C
D
E
F
G
H
I
J

0d
1.17±0.20
1.10±0.40
1.17±0.09
1.07±0.23
1.27±0.07
1.47±0.23
1.60±0.38
1.47±0.24
1.20±0.17
1.10±0.12

2d
7.67±0.52
7.13±0.56
8.37±0.92
6.83±0.72
15.00±1.15
11.73±0.76
15.63±0.78
4.70±0.52
21.83±1.07
9.87±0.41

Reducing sugar(mg/mL)±SE
4d
6d
7.33±0.33
21.20±0.49
7.43±0.58
21.03±1.35
7.43±1.16
11.50±1.00
21.03±1.56
18.07±1.30
21.03±1.51
24.33±1.34
24.07±1.10
44.93±2.67
22.47±1.10
26.03±1.04
9.13±0.95
7.40±0.87
14.73±0.69
31.07±0.58
15.83±0.78
30.80±0.06

3.4 16S rDNA sequence analysis

At least one isolate from each of the 10 ARDRA
types was selected for 16S rDNA sequencing. Approximately 650 nucleotides were sequenced from each amplified 16S rDNA, and used to generate an unrooted phylogenetic tree. To clear the taxonomy and relative evolution
distance of the 10 isolates, an unrooted phylogenetic tree
was constructed. Making use of BLAST on NCBI, the 4
major branches could be consistently associated with the
following genera:(i) enterobacteria, (ii) Streptomyces, and
(iii) Bacillus (Fig. 2).
The ability to degrade cellulose is widely distributed
among a taxonomic and phylogenetic variety of microorganisms. Actually, more and more cellulose-degrading
bacteria of different species had been found, and some of
them may possess also other functions. The closest related
strains to the 10 isolates were found out from GeneBank.
It has been suggested that bacteria with 97% similarity in
their 16S rRNA gene sequences are likely to be members
of the same species [17]. Strain AY436793 Methylophilus
sp. and NR041257 Methylophilus methylotrophus showed
high similarity with isolate J. Strain AB769227 Pseudogulbenkiania sp. showed high similarity with isolate G,
and strain GQ478275 Enterobacter sp. with isolate B.

8d
13.67±0.61
10.83±1.12
13.37±0.92
15.17±0.72
17.23±0.81
8.40±0.36
10.03±0.80
5.67±1.45
14.53±0.49
11.37±0.64

10d
5.57±0.55
14.23±0.61
5.13±1.02
12.33±0.61
14.77±0.77
13.10±0.59
4.97±0.46
11.90±0.87
10.80±0.35
14.53±0.43

High similarity was also found for strain NR074902
Escherichia fergusonii with isolate C, strain HQ407234
Pseudomonas pseudoalcaligenes with isolate D, strain
FJ919748 Streptomyces akiyoshiensis with isolate F, strain
HE586589 Bacillus licheniformis with isolate H, strain
JX575604 Bacillus sp. with isolate E. strain JX188065
Bacillus subtilisy with isolate A, and strain AB682146
Bacillus cereus with isolate I.
3.5 Results of reducing sugars

Reducing sugars produced in the supernatants was
measured colorimetrically [18]. One unit of enzyme is
defined as the amount which releases one nanomol of
reducing sugar from pure cellulose [19]. Reducing sugars
was assayed as described above (Table 4). Most strains
reached the highest value on the 6th day (strains A, B, E,
F, G and I). F strain was superior to the other groups; it
reached 44.93 mg/ml on 6th day, higher than other strains,
and degraded cellulose strongest. Strains D and H reached
the highest value on the 4th day. Strain C had a relatively
low content (highest value was 13.37 mg/ml on 8th day).
For each of the categories, a prominent representative was
chosen. Their contents of reducing sugars were first increasing but then decreasing (Fig. 3).
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FIGURE 2 - Phylogenetic tree based on analysis of the 16S rDNA sequences of the cellulose-degrading isolates (A-J), and the numbers in
parentheses are the numbers of isolates for each of the 10 types. Closest related strains, and strains represented with accession number from
GeneBank are integrated. Bootstrap percentage values of 89% or more, obtained from the 1000 re-samplings of data set, are given at the
nodes; Phylogenetic diversity: unrooted tree constructed by the neighbor-joining method, showing the phylogenetic relationship of the soil
isolates).
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TABLE 4 - Content of reducing sugar results in different strains.
Grama

Sequence analysis
Enterobacteria

+

Streptomyces

+

Bacillus

ARDRA
Group(i)
B
C
D
G
J
Group(ii)
F
Group(iii)
A
E
H
I
total

A

B

C

Total

7
3
9
3
2

4
7
9
2
2

2
4
8
2
0

13
14
26
7
4

0

1

0

1

2
0
3
3
32

4
1
3
8
41

4
0
2
7
29

10
1
8
18

FIGURE 3 - Three categories and, for each of them, chosen a prominent representative and showing their content of reducing sugar firstly
increasing and then decreasing (firstly, hydrolysis of cellulose to reducing sugars; when the reaction proceeds, content of reducing sugars was
decreased rapidly, as it was utilized by bacteria; 6 strains were superior to the other groups reaching 44.93 mg/ml on 6th day, higher than the
other strains, with strongest cellulose degradation).

TABLE 5 - Content of CMCase in different strains.
Strains
A
B
C
D
E
F
G
H
I
J

0d
0.06±0.01
0.05±0.01
0.04±0.01
0.06±0.01
0.05±0.01
0.05±0.01
0.06±0.01
0.05±0.01
0.05±0.01
0.06±0.01

2d
0.36±0.04
0.73±0.02
0.32±0.03
0.35±0.02
0.20±0.01
0.60±0.03
0.20±0.01
0.32±0.04
0.25±0.02
0.20±0.01

CMCase(µmol/mL)±SE
4d
6d
0.37±0.03
0.38±0.04
0.67±0.05
0.62±0.01
0.36±0.02
0.72±0.04
0.4±0.02
0.37±0.02
0.25±0.04
0.54±0.02
0.69±0.04
0.81±0.02
0.21±0.04
0.22±0.02
0.24±0.03
0.26±0.04
0.26±0.02
0.25±0.02
0.21±0.01
0.21±0.01

3.6 Results of CMCase activity

CMC is an example of amorphous cellulose which is
generally used as a substrate for the study of endoglucanases. On the other hand, exoglucanases can degrade microcrystalline cellulose efficiently [2]. CMCase activity
(IU, mmol of glucose min-1·ml-1) was measured in the
culture supernatants of a mono-culture system to assess the
relative contributions of digestion by bacteria. In our study,
Table 5 shows the contents of CMCase resulting in differ-

8d
0.39±0.06
0.88±0.03
0.74±0.03
0.42±0.02
0.54±0.03
0.78±0.02
0.22±0.03
0.26±0.02
0.27±0.02
0.22±0.02

10d
0.38±0.03
0.51±0.02
0.73±0.02
0.34±0.05
0.65±0.03
0.81±0.04
0.20±0.01
0.23±0.02
0.26±0.03
0.22±0.03

ent strains. In the case of strain 6, maximum CMCase (0.81
µmol/ml) activity was found on day 6 in the death phase,
and after that, it decreased linearly with time. The CMC
activity of most strains reached a relatively high and stable
value on the 2nd day, and 6 strains were superior to the
other groups. For each of the categories, a prominent
representative was chosen; their contents of CMCase
reached a relatively high level on 2nd day, or longer duration (Fig. 4).
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FIGURE 4 - Three categories, and for each of them, chosen a prominent representative showing their content of CMCase to reach a relatively high level on 2nd day, and longer periods of time (2 and 6 strains were superior to the other groups; CMCase activity of 2 strains was 0.73
µmol/ml after ≥ 2 days, reaching the maximum of 0.88 µmol/ml on 8th day; CMCase activity of 6 strains was 0.60 µmol/ml after ≥2 days,
reaching the maximum of 0.81 µmol/ml on 6th day).

FIGURE 5 -Cellulose-degrading bacteria results of different strains (F strains superior to the other groups in CFU = 89.5×108 CFU/ml).

3.7 Results of CFU

Samples were incubated at 35 °C, and growth was
examined daily for 10 days. CFU were calculated by dividing the total number of colonies visualized on all three
plates [20]. Samples were removed and assayed for CFU
(Fig. 5) showing that 6 strains were superior to the other
groups in the CFU (89.5×108 CFU/ml.)
4. DISCUSSION
The SOC value in B1 was higher than those in A1 and
C1 (Table 1); meanwhile, the higher the SOC, the more clone
sequences exist. The percentage of cellulose-degrading bacteria in the total aerobic bacteria in B1 is 13.36%, and higher
than A1 and C1 (Table 2). The abundance of organic carbon
in the soil is affected by plant production and, as a key
role of soil fertility and agricultural production, this has
been recognized for more than a century [21]. The high
organic carbon will influence local ecosystem functions
and more microflora [22, 23]. In our study, a similar con-

clusion was obtained with sample B; its SOC content was
significantly higher than those of arable land, artificial
grassland, abandoned arable land, artificial woodland, and
desert steppe [24].
The bacterial sequences identified in our soil studies do
not appear to be identical to cultured sequences for which
we have physiological and systematic information [25].
ARDRA analysis of the 102 cellulose-degrading strains
isolated from three soil samples revealed some disparities.
Thus, the isolates from A1, B1, and C1 clustered into 8, 10,
and 7 ARDRA types exhibiting high diversity, respectively (Table 3). On the other hand, many ARDRA types
were detected only on the B1 sampling date, like types E
and F (Table 3). Temporal variation within the structure
of bacterial communities has already been described [26].
However, our results showing the presence of some ARDRA
types in the three soils suggest that some cellulose-degrading
groups were able to exist in soil over a long term and remain
stable. Cellulose-degrading ability is present in many
phylogenetically diverse groups of bacteria [9]. Consistent with this, our 16S rDNA-based analysis clearly
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revealed a broad diversity exceeding that observed in previous studies reporting on the isolation of cellulosedegrading bacteria. The 10 isolates sequenced fell into 3
groups related to the genera Enterbacteria, Streptomyces
and Bacillus (Fig. 2). The 10 isolates sequenced after being
ARDRA-analyzed, fell into 4 groups, and the 4 groups
obtained after 16S rDNA sequencing were consistent, except for strain H; strain H sequenced to be Bacillus licheniformis, belonging to Bacillus genera. Thus, we isolated cellulose-degrading bacteria which belong to the
Gram-negative bacteria Enterobacteria and to the Grampositive bacteria Bacillus and Streptomyces. Meanwhile,
at the genus level, Gram-negative bacteria including
Pseudomonas and members of Bacillus were found [27].
Bacillus strains are Gram positive and known to be important for the environment, medicine and industry [28].
Many Pseudomonas species have been reported to
degrade cellulose [29, 30]. All these data are consistent
with our results showing that Streptomyces sp., which
belongs to the dominant microflora in soils, is also one of
the numerically dominant cellulose-degrading bacteria
isolated from soils. And the genus of most interest herein
is Streptomyces because, in previous studies on the diversity of cellulose-degrading bacteria, the isolation of bacteria belonging to Streptomyces was not reported.
It is known that the synergy of all these enzymes
makes the hydrolysis of cellulose to glucose possible [3].
In our study, the content of reducing sugars had the same
trend (firstly increasing, and then decreasing). It is because the amount of reducing sugar in the culture medium
increased throughout the incubation period. At first, cellulose hydrolyses to reducing sugars; as the reaction proceeds, they can be further converted into value-added
products. This was decreased rapidly when being utilized
by bacteria [31]. In our study, the strain F, Streptomyces
akiyoshiensis, had the highest content of reducing sugars
(Fig. 3, Table 4). However, the carbon catabolite repression occurs in Escherichia coli, Saccharomyces cerevisiae
and C. thermocellum [32-34], but was not observed in our
study. This could be due to (i) the broader diversity cited
above but having a special soil sampling, (ii) the recent
creation of new genera after analysis of the taxonomic
diversity of Streptomyces sp. using molecular methods.
Additionally, a number of protozoa and bacteria with
cellulolytic activity have been isolated from Zootermopsis
angusticollis, silver cricket Lepisma sp., Tipula abdominalis, Saperda vestita, Dendroctonus frontalis, and
Pachnoda marginata [35-39]. The hydrolysis of complex
insoluble compounds to soluble monomers occurs predominantly through the action of extracellular enzymes
(cellulases, lipases and proteases); thus, memberss of the
genus Bacillus are involved in the initial step [40]. Several reports have shown incomplete cellulase systems of soil
bacteria, such as Bacillus species with the main activity
being that of endo-cellulase (CMCase) [41]. Meanwhile,
the domination of the genus Bacillus reported above was
consistent with results in our study concerning Bacillus

strains A, E, H and I. Their degradation rates of soluble
reducing sugars were also high and efficient (Table 4).
In our study, the content of CMCase reached a relatively high level on 2nd day, and the highest one on 8th day
(Fig. 4, Table 5). Bioconversion of cellulose to soluble
sugars and glucose is catalyzed by a group of enzymes called
cellulases. Microorganisms including fungi, bacteria and
actinomycetes produce mainly three types of cellulase components: endo-l,4-13-D-glucanase, exo-l,4-13-D-glucanase
and 13-glucosidase, either separately or in the form of a
complex [42]. The CMCase activity by different cellulosedegrading isolates demonstrated a non-linear increase in
CMCase activity relative to organic matter and nitrate concentrations, suggesting that a limit of activity was reached in
these microcosms as observed by [43]. We speculated that
this limit could be due to organic carbon becoming limiting and, therefore, slowing down the activity of these
communities. The data were comparable with our study;
therefore comparisons were possible with our findings.
Soil B1 had higher content of organic carbon than soils A1
and C1, and the specific strain F (Streptomyces akiyoshiensis), even grown on cellulose, had greater catalytic
affinity for CMC (Fig. 4). This observation is in line with
the view that the development of response changes the
underlying relationship of CFU , with the consequent loss
of linear correlation during the time period of cellulose degradation. CFU activity of F strain was the highest, promising
strongest activity in the industrial production process and a
large number of bacteria with strain F production performance (Fig. 5).
There are many researches and development problems
related to cellulose degradation, and more work needs to be
done before its application. A major question still remaining is whether the Streptomyces sp. strains, identified
herein and in the few studies cited above, are indeed widespread in the environment. However, it resulted in the characterization of 10 strains which may account for a substantial portion of soil cellulose-degrading bacterial communities.
By characterizing and sequencing the cellulosedegrading communities, we have identified a variety of
bacterial strains that may be important in decomposition of
cellulose that might influence the bacterial and fungal community structure. The microbial communities identified in
our study included both previously known ones, such as
Bacillus sp., and novel cellulolytic groups like Streptomyces
akiyoshiensis that appear to be involved in cellulose degradation. Future work focused on the physiology of these
bacteria as well as the edaphic factors of active soil communities will improve our understanding of bacterial cellulose
degradation and parameters influencing this process.
ACKNOWLEDGEMENTS
The authors thank Zhong Zhengzheng, Chinese Academy of Agricultural Sciences, for her suggestions and

1812

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

assistance on the experiment. This work was jointly supported by the Beijing Higher Education Youth Elite
Teacher Project (No. YETP0394) and the National Natural Science Foundation of China (No. 21177009; No.
11071013)
GeneBank accession numbers are: type A: KF688101;
type B: KF688105; type C: KF688106; type D: KF688107;
type E: KF688102; type F: KF688103; type G: KF688108;
type H: KF688104; type I: KF688109, and type J:
KF688110.
The authors have declared no conflict of interest.

[13] Ghose TK (1987) Measurement of cellulase activities. Pure
& Appl. Chem. 59: 257-268
[14] Navarro D, Couturier M et al (2010) Automated assay for
screening the enzymatic release of reducing sugars from micronized biomass. Microbial Cell Factories 9:58-70
[15] Miettinen IT, Vartiainen T, Martikainen PJ (1997) Phosphorus and Bacterial Growth in Drinking Water. Applied Environmental Microbiology 63: 3242-3245
[16] MacKeen PC, Person S, Warner SC, Snipes W, Stevens SE
(1987) Silver-Coated Nylon Fiber as an Antibacterial Agent.
Antimicrobial Agents and Chemotherapy 31: 93-99.
doi:10.1128/AAC.31.1.93
[17] Schloss PD, Handelsman J (2005) Introducing DOTUR, a
computer grogram for defining operational taxonomic units
and estimating species richness. Appl Environ Microbiol
71:1501–1506. doi:10.1128/AEM.71.3.1501-1506.2005

REFERENCES
[1]

Beguin P, Anbert JP (1993) The biological degradation of
cellulose. FEMS Microbiol. Rev. 13: 25-58

[2]

Gurdeep R, Geetha LM, Muppidi et al (2009) Isolation and
characterization of cellulose-degrading bacteria from the
deep subsurface of the Homestake gold mine, Lead, South
Dakota, USA. Journal of Industrial Microbiology & Biotechnology 36:585-598

[3]

[12] Saitou N, Nei M (1987) The neighbor-joining method: a new
method for reconstruction of phylogenetic trees. J. Molecular
Biology and Evolution 4: 406-425

Lynd LR, Weimer PJ, vanzyl WH, Pretorius IS (2002) Microbial cellulose utilization: fundamentals and biotechnology.
Microbiol Mol Biol Rev 66:506–577. doi: 10.1128/MMBR.
66.3.506-577. 2002

[18] Lee SS, Ha JK, Cheng KJ (2000) Relative Contributions of
Bacteria, Protozoa, and Fungi to In Vitro Degradation of Orchard Grass Cell Walls and Their Interactions. Applied Environmental Microbiology 66: 3807-3813
[19] Napoli C, Dazzo F, Hubbell D (1975) Production of Cellulose Microfibrils by Rhizobium. Applied Environmental Microbiology 30: 123-131
[20] Pfeiffer CD, Samsa GP, Schell WA et al (2011) Quantitation
of Candida CFU in Initial Positive Blood Cultures. Journal of
Clinical Microbiology 49: 2879-2883
[21] Jobbagy EG, Jackson RB (2000) The Vertical Distribution of
Soil Organic Carbon and Its Relation to Climate and Vegetation. Ecological Applications 10: 423-436

[4]

Wormit A, Butt SM, Chairam I et al (2012) Osmosensitive
Changes of Carbohydrate Metabolism in Response to Cellulose Biosynthesis Inhibition 1[W][OA]. Plant Physiology 159:
105-117

[5]

Coleman GS (1978) The metabolism of cellulose, glucose,
and starch by the rumen ciliate protozoa Eudiplodiuinm
maggii. J. Gen. Microbiol 107: 359-366

[23] Ghani A, Sarathchandra U, Ledgard S, Dexter M, Lindsey S
(2013) Microbial decomposition of leached or extracted dissolved organic carbon and nitrogen from pasture soils. Biology and Fertility of Soils 49: 747-755

[6]

Haruta S, Cui Z, Huang Z, Li M, Ishii M, Igarashi Y (2002)
Construction of a stable microbial community with high cellulose-degradation ability. Applied Microbiology and Biotechnology 59: 529-534

[24] Zhang LH, Xie ZK, Zhao RF, Wang YJ (2012) The impact of
land use change on soil organic carbon and labile organic
carbon stocks in the Longzhong region of Loess Plateau.
Journal of Arid Land 4:241-250

[7]

Lu WJ, Wang HT, Yang SJ, Wang ZH, Nie YF (2005) Isolation and characterization of mesophilic cellulose-degrading
bacteria from flower stalks-vegetable waste co-composting
system. The Journal of General and Applied Microbiology
51: 353-360

[25] Eichorst SA, Kuske CR (2012) Identification of CelluloseResponsive Bacterial and Fungal Communities in Geographically and Edaphically Different Soils by Using Stable Isotope Probing. Applied Environmental Microbiology 78:
2316-2327

[8]

Derekova A, Mandeva R, Kambourova M (2008) Phylogenetic diversity of thermophilic carbohydrate degrading bacilli
from Bulgarian hot springs. World Journal of Microbiology
and Biotechnology 24: 1697-1702

[26] Cheneby D, Philippot L, Hartmann A, Henault C, Germon JC
(2000) 16S rDNA analysis for characterization of denitrifying bacteria isolated from three agricultural soils. FEMS Microbiology Ecology 34: 121-128

[9]

Wirth S, Ulrich A (2002) Cellulose-Degrading Potentials and
Phylogenetic Classification of Carboxymethyl-cellulose Decomposing Bacteria Isolated from Soil. Systematic and Applied Microbiology 25: 584-591

[10] Shaaban M, Abd-Alla HI, Hassan AZ, Aly HF, Ghani MA
(2012) Chemical characterization, antioxidant and inhibitory
effects of some marine sponges against carbohydrate metabolizing enzymes. Organic and Medicinal Chemistry Letters
2:30-42
[11] Ulrich A, Wirth S (1999) Phylogenetic diversity and population densities of culturable cellulolytic soil bacteria across an
agricultural encatchment. Microb. Ecol. 37: 238–247

1813

[22] Das AC, Das SJ, Dey S (2012) Effect of herbicides on microbial biomass in relation to availability of plant nutrients in
soil. Journal of Crop and Weed 8: 129-132

[27] Huang SW, Sheng P, Zhang HY (2012) Isolation and Identification of Cellulolytic Bacteria from the Gut of Holotrichia
parallela Larvae (Coleoptera: Scarabaeidae). International
Journal of Molecular Sciences 13: 2563-2577
[28] Kunst F, Ogasawara N, Moszer I et al (1997) The complete
genome sequence of the Gram-positive bacterium Bacillus
subtilis. Nature 390: 249-256
[29] Millward-Sadler SJ, Davidson K, Hazlewood GP, Black GW,
Gilbert HJ, Clarke JH (1995) Novel cellulose-binding domains, NodB homologues and conserved modular architecture in xylanases from the aerobic soil bacteria Pseudomonas
fluorescens subsp. cellulosa and Cellvibrio mixtus. Biochem.
J. 312:39–48

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

[30] Sindhu SS, Dadarwal KR (2001) Chitinolytic and cellulolytic
Pseudomonas sp. Antagonistic to fungal pathogens enhances
nodulation by Mesorhizobium sp. Cicer in chickpea. Microbiol. Res. 156: 353–358
[31] Wen ZY, Liao W, Chen SL (2004) Hydrolysis of animal manure lignocellulosics for reducing sugar production. Bioresource Technology 91:31-39
[32] Pastan I, Adhya S (1976) Cyclic Adenosine 5' monophosphate in Escherichia coil. Bacteriol. Rev. 40: 527-551
[33] Entian KD, Hilbnerg F, Opitz H, Mecke D (1985) Cloning of
hexokinase structural genes from Saccharomyces cerevisiae
mutants with regulatory mutations responsible for glucose
repression. Molecular and Cellular Biology 5: 3035-3040
[34] Johnson EA, Bouehof F, Demain AL (1985) Regulation of
cellulase formation in Clostridium thermocellum. Microbiology 131: 2303-2308
[35] Chakraborty N, Sarkar GM, Lahiri SC (2000) Cellulose degrading capabilities of cellulolytic bacteria isolated from the
intestinal fluids of the silver cricket. Environmentalist 20: 9–
11
[36] Wenzel M, Schonig I, Berchtold M, Kampfer P, Konig H
(2002) Aerobic and facultatively anaerobic cellulolytic bacteria from the gut of the termite Zootermopsis angusticollis. J.
Appl. Microbiol 92: 32–40
[37] Cazemier AE, Verdoes JC, Reubsaet FA, Hackstein JH et al
(2003) Promicromonospora pachnodae sp. nov., a member of
the (hemi)cellulolytic hindgut flora of larvae of the scarab
beetle Pachnoda marginata. Antonie Van Leeuwenhoek 83:
135–148
[38] Delalibera I, Handelsman J, Raffa KF (2005) Contrasts in
cellulolytic activities of gut microorganisms between the
wood borer, Saperda vestita (Coleoptera: Cerambycidae), and
the bark beetles, Ips pini and Dendroctonus frontalis (Coleoptera: Curculionidae). Environ. Entomol 34: 541–547
[39] Cook DM, Doran PJ (2010) Mining diversity of the natural
biorefinery housed within Tipula abdominalis larvae for use
in an industrial biorefinery for production of lignocellulosic
ethanol. Insect Sci 17: 303–312
[40] Novaes RF (1986) Microbiology of anaerobic digestion. Water Science & Technology 18: 1–14
[41] Horikoshi H, Nakao M, Kurono Y, Sashihara N (1984) Cellulases of an alkalophilic Bacillus strain isolated from soil.
Can. J. Microbiol 30: 774-779
[42] Bhat MK, Bhat S (1997) Cellulose degrading enzymes and
their potential industrial applications. Biotechnology Advances 15: 583-620

Received: November 20, 2013
Accepted: February 12, 2014

[43] Thygesen A, Oddershede J, Lilholt H, Thomsen AB, Stahl K
(2005) On the determination of crystallinity and cellulose
content in plant fibres. Cellulose 12: 563-576

CORRESPONDING AUTHOR
Hai Yan
School of Chemistry and Biological Engineering
University of Science and Technology
Beijing, 30 XueYuan Road, Hai Dian District
Beijing, 100083
P.R. CHINA
Phone: +86-010-62333177
Fax: +86-010-62333177
E-mail: haiyan@ustb.edu.cn

1814

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

FEB/ Vol 23/ No 8/ 2014 – pages 1802 – 1811

1815

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

EFFECTS OF EXOGENOUSLY
APPLIED ASCORBIC ACID ON RED CABBAGE
COTYLEDONS SUBJECTED TO COPPER EXCESS
Fadime Eryılmaz Pehlivan*
University of Istanbul, Faculty of Science, Department of Biology, Botany Section Süleymaniye-Istanbul, Turkey

ABSTRACT
Ascorbic acid (AsA) is one of the most important and
abundantly occurring water-soluble antioxidants in plants.
In order to assess whether exogenous application of AsA
through the growing medium could modulate the antioxidant activities of red cabbage cotyledons in copper tolerance, a hydroponic experiment was conducted under greenhouse conditions. Seedlings subjected to 0 and 100 µM
CuSO4 solution were supplemented with 0 and 100 mg L−1
AsA for 10 days. Changes in the levels of several important
parameters associated with oxidative stress, lipid peroxidation and antioxidant enzymes were measured. The effect
of treatment with 100 mg L−1 AsA alleviated the inhibitory
effects of Cu on antioxidant enzyme activities. The levels
of the Cu-induced accumulation of active oxygen species,
peroxidase activity and lipid peroxidation in seedlings
treated with AsA were lower than in untreated seedlings. In
addition, exogenous application of AsA increased endogenous level of AsA which had a protective effect on growth,
pigment content and enzyme activities of red cabbage
against Cu-induced oxidative stress. The data suggest
that exogenous application of AsA may protect cells against
oxidative damage and Cu toxicity.

or lacks information. The physiological and biochemical
basis of the mechanisms of plant resistance induced by AsA
are not still well-known [2]. Under oxidative stress conditions, such as heavy metals, salinity, drought and low or
high temperature, plants produce active oxygen species,
which are harmful to plant growth due to their detrimental
effects on the subcellular components and metabolism of
the plant, leading to the oxidative destruction of cells. It is
generally accepted that O2− might be converted to hydrogen
peroxide (H2O2), and then, metabolized to water by ascorbate peroxidase and glutathione reductase in plants [3].
Active oxygen species cause deterioration of membrane
lipids, leading to increased leakage of solutes from membranes [1]. The maintenance of membrane integrity for
enhanced stress tolerance is worthwhile. This is why the
role of AsA on membrane leakage, lipid peroxidation,
H2O2 production and antioxidant activities of plants under
heavy metal conditions is of great importance.
The aim of this paper was to report the effects of AsA
on growth and antioxidant activities grown under copper
(Cu) stress conditions, and also to examine changes in
membrane permeability, lipid peroxidation (MDA concentration), H2O2 concentration, and photosynthetic and
anthocyanin pigments.

KEYWORDS:
Ascorbic acid, red cabbage, copper, antioxidant activities

2. MATERIALS AND METHODS
2.1 Growth conditions

1. INTRODUCTION
Ascorbic acid (AsA) plays an important role in abiotic
stress tolerance, and considerable interests have focused on
AsA due to its ability to induce a protective effect on plants
under stress. It has been supported that AsA-induced increases in the resistance of plants on heavy metal stress
[1]. The role of exogenously applied AsA under heavy
metal stress on the photosynthetic pigments, membrane
permeability and mineral uptake of plants are not still clear
* Corresponding author

Red cabbage (Brassica oleraceae L.) plants were
grown hydroponically in a glass-house under 27–32 °C air
temperature, 450–500 µmol/m-2 s-1 light intensity, and 75%
relative humidity.
2.2 Measurement of chlorophyll and carotenoid content

Photosynthetic pigments (chlorophyl a+b, carotenoids)
were measured in cotyledon samples, a week before the
harvest. Cotyledon samples (0.2 g) were homogenized with
acetone (90%, v/v), filtered and made up to a final volume
of 50 ml. Pigment concentrations were calculated from
the absorbance of extract at 663, 648 and 470 nm using
the formula [4] given below:
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chlorophyll a (mg/g FW) =
(11.75×A663−2.35×A645)×50/500,

ance was measured at 560 nm. Blanks and controls were
run in the same manner, but without illumination and
enzyme extract, respectively. One unit of SOD was defined as the amount of enzyme that produced 50% inhibition of NBT reduction under the assay conditions.

chlorophyll b (mg/g FW) =
(18.61×A645−3.96×A663)×50/500,
carotenoid (mg/g FW) = ((1000×A470)−(2.27×Chl a)
– (81.4×Chl b)/227)×50/500.
2.3 Measurement of anthocyanin content

Pigments were extracted with 5 ml acidified (1% HCl,
w/v) methanol by shaking the extracts for 48 h at 4 °C. The
absorbance of the extracts, clarified by filtration, was measured at 530 and 657 nm. The formula A530 - 0.25 A657 was
used to compensate for the contribution of Chl and its degradation products to the absorption at 530 nm [5].
2.4 Measurement of lipid peroxidation

The level of lipid peroxidation was measured in terms
of malondialdehyde (MDA) content, a product of lipid
peroxidation; cotyledon samples (0.2 g) were homogenised
in 10 ml of 0.1% trichloroacetic acid (TCA). The homogenate was centrifuged at 15,000g for 5 min. To 1.0 ml aliquot of the supernatant, 4.0 ml of 0.5% thiobarbituric acid
(TBA) in 20% TCA was added. The mixture was heated
at 95 °C for 30 min, and then quickly cooled in an icebath. After centrifugation at 10,000g for 10 min, the absorbance of the supernatant was recorded at 532 nm. The
value for non-specific absorption at 600 nm was subtracted. The MDA equivalent was calculated as follows [6]:
MDA (nmol/ml FW) = ((A532–A600)/155,000)×106.
2.5 Enzyme extraction and assay

All steps of the extraction procedures were carried out
at 0–4 °C. Cotyledons were homogenized in 5 ml of
100 mM potassium phosphate buffer (pH 7.6) containing 1 mM EDTA–Na2. Because APX is labile in the absence of ascorbate, 0.5 mM ascorbate was included for the
extraction of this enzyme with the above procedure. The
homogenized samples were centrifuged at 10,000×g for
5 min. The supernatant was used as crude enzyme extract
in SOD, CAT and APX enzyme analyses. All measurements (including enzyme activities) were made at 20 °C
using a spectrophotometer (Shimadzu UV/VIS 1201). Enzyme activities were expressed as units per g fresh weight
(FW) of tissue, and 1 unit of enzyme activity was defined as
the amount necessary to decompose 1 mM of substrate per
min at 20 °C.
Superoxide dismutase (SOD) was assayed by the nitroblue tetrazolium (NBT) method as described by Gong
et al. [7]. The reaction mixture (3 ml) contained 50 mM
K-phosphate buffer, pH 7.3, 13 mM methionine, 75 µM
NBT, 0.1 mM EDTA, 4 µM riboflavin and enzyme extract (0.2 ml). Riboflavin was added at last, and the glass
test tubes were shaken and placed under fluorescent lambs
(60 µmol m−2 s−1). The reaction occurred for 5 min, and
was then stopped by switching off the light. The absorb-

Ascorbate peroxidase (APX) activity (EC 1.11.1.11)
was determined by following the decrease of ascorbate
and measuring the change in absorbance at 290 nm for 1
min in 2 ml of a reaction mixture containing 50 mM potassium phosphate buffer (pH 7.0), 1 mM EDTA–Na2, 0.5
mM ascorbic acid, 0.1 mM H2O2 and 50 µl of crude enzyme extract at 25 °C [8]. The activity was calculated
using the extinction coefficient (2.8 mM−1 cm−1) for the
ascorbate [8].
Catalase (CAT) activity (EC 1.11.1.6) was determined as a decrease in absorbance at 240 nm for 1 min
following the decomposition of H2O2 [9]. The reaction
mixture (3 ml) contained 50 mM phosphate buffer (pH
7.0), 15 mM H2O2 and 50 µl of crude enzyme extract at
25 °C. The activity was calculated using the extinction
coefficient (40 mM−1 cm−1) for H2O2.
3. RESULTS
Copper toxicity significantly decreased the growth of
red cabbage (Figs. 1 and 2).
A significant positive correlation was observed between MDA concentration and membrane permeability
(Table 1). AsA treatments significantly increased chlorophyll (a+b), carotenoid and anthocyanin content in red
cabbage cotyledons (Table 1). In red cabbage cotyledons,
it has been detected that the activities of SOD, CAT and
APX in Cu-stressed plants increased, and application of
Cu decreased their activities (Table 2).

FIGURE 1 - 10-days old red cabbage seedlings: (a) control, (b) Cu +
AsdA, and (c) + Cu.
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4. DISCUSSION

FIGURE 2 - 10-days old cabbage seedlings: (a) control, (b) Cu +
AsA, and (c) + Cu.

TABLE 1 - Effect of copper treatment on chlorophyll, carotenoid,
anthocyanin content and MDA accumulation involved in antioxidant plant defense system of cotyledons of 10 days old red cabbage
seedlings.
Parameters

Control

Cu

Cu + AsA

Chlorophyll
(a+b) content
(mg/g fw)

13.5 ± 0.44

10.2 ± 0.93

12.8 ± 1.55

Carotenoid
content
(mg/g fw)

3.19 ± 0.14

4.95 ± 0.54

3.00 ± 0.33

Anthocyanin
content
(mg/g fw)

4.53 ± 0.09

1.47 ± 0.05

2.89 ± 0.09

MDA
(nmol g fw)

3.61 ± 0.16

5.14 ± 0.27

3.81 ± 0.10

fw = fresh weight

TABLE 2 - Effect of copper treatment on SOD, CAT and APX
enzymes involved in antioxidant plant defense system of cotyledons
of 10 days old red cabbage seedlings.
Treatments
Antioxidant
activities

Control

Cu

Cu + AsA

SOD
(unit/mg fw)

0.311 ± 0.01

0.424 ± 0.02

0.396 ± 0.01

CAT
(mmol/g min fw)

0.287 ± 0.02

0.423 ± 0.01

0.279 ± 0.02

APX
(mmol/g min fw)

9.178 ± 0.77

fw = fresh weight

15.64 ± 0.95

7.45 ± 0.63

In this study, alleviation of Cu toxicity stress by addition of supplemental AsA to the growth solution was assessed by measuring some physiological and enzymatic
parameters, symptomatic of oxidative stress. Growth reduction under heavy metal conditions has been well-documented in various plants by many researchers [10]. The
reduction in growth that resulted from Cu toxicity was
significantly alleviated by 100 mg L-1 AsA supplement
(Fig. 2). This effect of AsA on the growth of plants under
copper stress supports the findings of Shakirova et al.
[11]. Such improvement in yield by Cu under different
oxidative stress conditions, such as salt stress in tomato
[12] and cucumber [13], Al toxicity in barley [14], Mn
toxicity in cucumber and cowpea [15], Cd toxicity in
maize [16], and drought stress in wheat [17], have been
reported previously. If toxicity of Cu is considered to be
an oxidative stress like heavy metal stress, as suggested
by Molassiotis et al. [18], these results are consistent with
the previous reports.
Copper-induced membrane damage in plants. Membrane permeability and lipid peroxidation (MDA concentration) increased significantly with copper stress, and this
oxidative damage was alleviated by increasing levels of
exogenously applied AsA (Table 1). The membrane damage caused by different abiotic stresses including copper
stress is largely mediated through membrane lipid peroxidation [1].
Reactive oxygen species (ROS) play a central role in
the defense of plants against abiotic stress conditions.
During this response, ROS are produced by plant cells via
the enhanced enzymatic activity of plasma membranebound NADPH oxidases, cell wall-bound peroxidases and
amine oxidases in the apoplast. Hydrogen peroxide (H2O2)
produced during this response is thought to diffuse into
cells through aquaporins and, together with AsA, SA, and
nitric oxide (NO), activating many of the plant defenses.
In a study carried out by Ganesan and Thomas [19], AsA
application led to H2O2 accumulation in rice and may
include the induction of at least one of a range of cellular
mechanisms that are concomitant with the accumulation of
active oxygen, suggesting that AsA application may result
in a state of oxidative stress. This is another possible reason
for why the detrimental effects of Cu were prevented by
AsA, as discussed in detail above. The results related to
antioxidant responses under Cu toxicity were in agreement with the findings of Molassiotis et al. [18], who
reported increased SOD and CAT activity under Cu toxicity in grapevine and apple rootstocks. Anthocyanins in
plant epidermis (flavonoids, cinnamic acid esters) protect
plants by absorbing harmful UV-B radiation [19], but they
also have an antioxidant function [20].
In conclusion, the results of this study signify the role
of AsA in regulating the copper stress response of red
cabbage, and suggest that AsA could be used as a potential growth regulator to improve plant growth and nutrient
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utilization under heavy metal stress. The results of the
present work also indicate that the effect of AsA in improving Cu tolerance of red cabbage is associated with the
alleviation of oxidative damage of functional molecules
and maintenance of many physiological and biochemical
processes, such as lipid peroxidation, membrane permeability and antioxidant enzymes (SOD, CAT and APX).
However, those effects of AsA on Cu toxicity may depend
on the plant species. To confirm these results, further research, including other species, is needed.

[13] Zhu, Z., Wei, G., Li, J., Qian, Q. and Yu, J. (2004) Silicon alleviates salt stress and increases antioxidant enzymes activity
in leaves of salt stressed cucumber (Cucumis sativus L.)
Plant Science 167: 527–533.
[14] Morikowa, C.K. and Saigusa, M. (2002) Si amelioration of
Al toxicity in barley (Hordeum vulgare L.) growing in two
Andosol. Plant Soil. 240: 161– 168.
[15] Rogalla, H. and Römheld, V. (2002) Role of leaf apoplast in
silicon-mediated manganese tolerance of Cucumis sativus L.
Plant, Cell and Environment., 25: 549–555.
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ABSTRACT
In this study, the effects of a neonicotinoid insecticide, imidacloprid, and the effects of nicotinic acetylcholine receptor antagonists, α-bungarotoxin or mecamylamine
(10 µM), on the action potential of the frogs sciatic nerve in
the presence of imidacloprid (0.01, 0.1, 1, 10, 100, and
1000 µM) were examined by means of the electrophysiological technique in vitro.
While imidacloprid levels of 0.01 and 0.1 µM had no
significant effects (p>0.05), treatments with higher concentrations (1, 10, 100, and 1000 µM) significantly reduced the action potential amplitude, area and latency
when compared with those of untreated nerves (p<0.05).
These treatments caused the prolongation of the duration
of action potential (p<0.05). However, the antagonists α bungarotoxin and mecamylamine reversed these effects
(p<0.05).
Since both antagonists inhibited the effects of imidacloprid doses, it is possible that this insecticide displays its action to nicotinic acetylcholine receptor subtypes in the frog peripheral nervous system.
KEYWORDS: Electrophysiology, imidacloprid, α -bungarotoxin,
mecamylamine, Rana ridibunda, sciatic nerve

1. INTRODUCTION
Neonicotinoids, such as imidacloprid (1-[(6-chloro-3pyridinyl)methyl]-N-nitro-2-imidazolidinimine), thiacloprid
and nitromethylene analogues, are used worldwide as a
new class of important synthetic insecticides. They are also
increasingly used for controlling plant-sucking insects
since they are not highly selective to non-target species
[1-3]. These insecticides display low affinity to mammalian
nicotinic acetylcholine receptors (nAChRs), a family of
receptors (2α, 1β, 1γ, 1δ) responsible for cognitive func* Corresponding author

tions, neuronal development and degeneration [2, 4]. On the
other hand, they show higher selectivity to insect nAChRs
[5-8]. However, there is growing evidence for the evolution
of resistance to insecticides that act on nAChRs [9].
It is known that imidacloprid acts on different animal
tissues. While its effects on the target organisms are very
clear and characterized by highly selective affinity to insect
nAChR [10, 14], those on vertebrates and non-target organisms are not well understood. Recent studies have shown
that imidacloprid can cause oxidative stress via an increase of nitric oxide concentration or antioxidant enzymes
activities, such as catalase, superoxide dismutase, and glutathione peroxidase, in the liver or brain of both rats and
mice [15-17]. Furthermore, imidacloprid has increased the
sister-chromatid exchange frequency in human lymphocytes and in rat bone marrow cells [18].
It has been shown that imidacloprid modulates nAChRs in some mammalian tissues. While it inhibits the
currents in rat phaeochoromacytoma cells, the currents in
mice fibroblast cells are stimulated [19,20]. Tomizawa and
Casida [21] have demonstrated that imidacloprid activates a
signal-regulated kinase cascade in mouse neuroblastoma
cells. Abou-Donia et al. [22] reported that imidacloprid produced neurobehavioral deficits and an increased expression
of glial fibrillary protein in various rat brain regions.
Further studies of Bal et al. [23] showed a significant
depolarizing shift in the membrane potential in mouse
cochlear nucleus. Furthermore, studies of Feng et al. [24]
have shown that imidacloprid causes DNA damage in
erythrocytes of two species, Rana nigronaculata and
Rana limnocharis. Seifert and Stollberg [25] reported that
imidacloprid inhibits the contraction of embryonic frog
Xenopus laevis muscle cells, induced by acetylcholine or
nicotine. However, there is no information about the physiological relevance of imidacloprid in the amphibian nervous system. Amphibians play an important role as bioindicators, since they are often exposed to various pesticides in their aquatic and agricultural ecosystems [24, 2628]. Therefore, the present study was undertaken to investigate the influence of different doses of imidacloprid or
its interaction with both antagonists, α-bungarotoxin and
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mecamylamine, on the action potential parameters of frog
sciatic nerve fibers in vitro, respectively.
2. MATERIALS AND METHODS
2.1. Tissue preparation

The adult frogs Rana ridibunda were preserved on a
12-h photoperiod in a tank, designed for semi-aquatic
conditions for 2 weeks at 20-24 °C before experimentation. For this experiment, 168 animals weighing 35–40 g
were used (care and experimentation of the animals were
in accordance with the principles of laboratory animal care,
NIH). After decapitation, the isolated sciatic nerves were
removed and washed three times with Ringer’s solution
(NaCl, 118.87 mM; KCl, 2.47 mM; CaCl2, 1.08 mM;
NaHCO3, 2.38 mM; pH 7.2). Then, the nerve preparations
were placed in Petri dishes (5x1 cm) containing Ringer’s
solution at 4–6 °C for 16 h. The next day, the sciatic
nerves were washed with Ringer’s solution before the
start of experiments. All tissue preparations were carried
out at room temperature (20–24 °C).

0.5 ms in duration. The nerve action potentials were recorded using a BIOPAC MP 100 Acquisition System,
Version 3.5.7 (Santa Barbara, USA).
After 120 min of stabilization in Petri dishes, the
nerves were exposed as follows: to test solutions (without
the drugs) or containing imidacloprid as well as its combination with both α-bungarotoxin and mecamylamine (see
section 2.2), respectively. The single nerve specimens were
then placed in the nerve chamber, and the compound action
potentials (CAP) were recorded. BIOPAC Acknowledge
Analysis Software (ACK 100 W) was used to measure
CAP parameters, such as the amplitude, area, latency and
duration.
2.4. Statistical analysis

For electrophysiological data analysis, after testing
for normality of distribution with Kolmagorov-Smirnov
test, the data were analyzed with repeated analysis of variance measures by using SPSS v.11.05 software. For dose–
response relationship, Prism 3.0 software was used; the
significance was set at p< 0.05, and the values are presented as means ± SD or means ± SEM.

2.2. Drugs and treatments

The indicated doses used for the experiments were the
final doses. The isolated nerves were divided into 21 groups.
Three of them were for control (without drug treatment),
six were for different doses of imidacloprid (0.01, 0.1, 1, 10,
100 and 1000 µM), and six of them were for imidacloprid
plus α -bungarotoxin or mecamylamine (0.01 + 10 µM; 0.1
+ 10 µM; 1 + 10 µM; 10 + 10 µM; 100 + 10 µM; 1000 +
10 µM), respectively. The treatment of nerves with and
without the drugs (control) was undertaken in Petri dishes
for dose-response relationship at room temperature.

3. RESULTS
3.1. The effect of imidacloprid

2.3. Electrophysiological techniques

In this experiment, we obtained the dose-response
curves to examine the dose-dependent effects of imidacloprid, or to show whether these effects by its both
antagonists are reversed, or there is a correlation between
the action potential values and its increasing doses. For
each imidacloprid dose or its combination with both antagonists, the data of experimental groups were compared
with their control, respectively (see Tables 1-3).

The experiments were carried out at the laboratory of
biophysics in the Medical Faculty of Mersin University
using extracellular recording techniques. For in vitro
experiments, a 5 x 15 cm Plexiglass nerve chamber was
used containing Ag/AgCl electrodes. The distance between the electrodes was 0.5 cm. The stimulating voltage
was set to produce a maximal compound action potential
using single square pulses of supramaximal strength and

Figures 1-4 show the amplitude, area, latency and duration for the effects of this insecticide, or of its both
antagonists. The single dose of imidacloprid when administered alone showed a decrease in action potential amplitude, area, latency or a prolongation in the duration. The
administration of 1 µM of insecticide significantly decreased the amplitude (p < 0.05). But, this decrease was
five times less (4%) than that induced by the concentration

TABLE 1 - Dose-dependent effects of imidacloprid on the action potential parameters of Rana ridibunda sciatic nerves.

Parameters

Control
(n=8)

0.01 µM
Imidacloprid
(n=8)

0.1 µM
Imidacloprid
(n=8)

1 µM
Imidacloprid
(n=8)

10 µM
Imidacloprid
(n=8)

100 µM
Imidacloprid
(n=8)

1000 µM
Imidacloprid
(n=8)

Amplitude
8.77±0.73
8.53±0.96
9.28±1.00
8.39±1.85*
6.96±3.64*
5.47±2.65*
4.50±0.47*
(mV)
Area
0.00376±0.0014 0.00371±0.0008 0.00368± 0.0018 0.00403±0.001
0.00483±0.0027
0.0021±0.001* 0.00080 ±0.0002*
(Vms)
Latency
0.62±0.16
0.73±0.08
0.66±0.15
0.70±0.07
0.48±0.09*
0.42±0.15*
0.40 ±0.04*
(ms)
Duration
2.72±0.55
2.47±0.30
2.40±0.32
3.21±1.28*
2.85±0.48*
2.33±0.6
2.80±0.12*
(ms)
All averages were expressed as means ± SD; * p< 0.05; data of experimental groups were compared with data of control, respectively.

1821

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

TABLE 2 - Dose-dependent effects of imidacloprid plus α-bungarotoxin on the action potential parameters of Rana ridibunda sciatic nerves.

Parameters

Control
(n=8)

0.01 µM IMI
plus
10 µM α-BTX
(n=8)

0.1 µM IMI
plus
10 µM α-BTX
(n=8)

1 µM IMI
plus
10 µM α-BTX
(n=8)

10 µM IMI
plus
10 µM α-BTX
(n=8)

100 µM IMI
plus
10 µM α-BTX
(n=8)

1000 µM IMI
plus
10 µM α-BTX
(n=8)

Amplitude
(mV)

9.02±0.30

8.92±0.35

8.96±0.53

8.75±0.53*

8.07±0.73*

7.27±0.88*

6.91±0.76*

0.00405±0.0003

0.00392±0.0002

0.00396± 0.0001

0.00390±0.0001*

0.00376±0.0004*

0.00311±0.0006*

0.00229 ±0.0005*

0.75±0.05

0.74±0.03

0.73±0.02

0.71±0.01*

0.63±0.05*

0.53±0.06*

0.49 ±0.04*

Area
(Vms)
Latency
(ms)

Duration
2.70±0.10
2.35±0.10
2.47±0.11
2.61±0.10*
2.60±0.10*
2.59±0.07*
2.57±0.08*
(ms)
All averages were expressed as the means ± SD; * p< 0.05; data of experimental groups were compared with data of control, respectively; IMI:
Imidacloprid; α-BTX: α-Bungarotoxin

TABLE 3 - Dose-dependent effects of imidacloprid plus mecamylamine on the action potential parameters of Rana ridibunda sciatic nerves.

Parameters

Control
(n=8)

0.01 µM IMI
plus
10 µM MECA
(n=8)

0.1 µM IMI
plus
10 µM MECA
(n=8)

1 µM IMI
plus
10 µM MECA
(n=8)

10 µM IMI
plus
10 µM MECA
(n=8)

100 µM IMI
plus
10 µM MECA
(n=8)

1000 µM IMI
plus
10 µM MECA
(n=8)

Amplitude
(mV)

9.00±0.40

8.93±0.49

8.88±0.40

8.68±0.52*

7.89±0.67*

6.96±0.59*

6.65±0.46*

0.00395±0.0002

0.00386±0.0001

0.00387± 0.0001

0.00391±0.0004*

0.00367±0.0003*

0.00386±0.0001*

0.00192 ±0.0004*

0.76±0.02

0.73±0.02

0.71±0.01

0.70±0.03*

0.59±0.07*

0.50±0.05*

0.46 ±0.05*

Area
(Vms)
Latency
(ms)

Duration
2.70±0.15
2.37±0.17
2.53±0.13
2.65±0.08*
2.68±0.09*
2.65±0.13*
2.65±0.08*
(ms)
All averages were expressed as means ± SD; * p< 0.05; data of experimental groups were compared with data of control, respectively; IMI: Imidacloprid; MECA: Mecamylamine

FIGURE 1 - Dose – response curve for the investigation of effects of imidacloprid or imidacloprid plus 10 µM α -bungarotoxin as well as
imidacloprid plus 10 µM mecamylamine on the action potential amplitude of R. ridibunda sciatic nerves. Each plotted point (n = 8) is the
mean ± SEM.
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FIGURE 2 - Dose – response curve for the investigation of effects of imidacloprid or imidacloprid plus 10 µM α -bungarotoxin as well as imidacloprid plus 10 µM mecamylamine on the action potential area of R. ridibunda sciatic nerves. Each plotted point (n = 8) is the mean ± SEM.

FIGURE 3 - Dose – response curve for the investigation of effects of imidacloprid or imidacloprid plus 10 µM α -bungarotoxin as well as imidacloprid plus 10 µM mecamylamine on the action potential latency of R. ridibunda sciatic nerves. Each plotted point (n = 8) is the mean ± SEM.

FIGURE 4 - Dose – response curve for the investigation of effects of imidacloprid or imidacloprid plus 10 µM α -bungarotoxin as well as imidacloprid plus 10 µM mecamylamine on the action potential duration of R. ridibunda sciatic nerves. Each plotted point (n = 8) is the mean ±
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SEM.

of 10 µM. Further concentrations of 100 and 1000 µM
reduced the amplitude between 37 and 49%, and these decreases were statistically significant. Although the concentrations of this insecticide between 0.01 and 10 µM did
not significantly reduce the area, both concentrations of
100 and 1000 µM reduced it by 44 and 79%. Furthermore,
the concentrations of this insecticide between 0.01 and 1 µM
did not significantly decrease the latency; however, the
further concentrations (10, 100, 1000 µM) reduced the
latency between 22-35%. Nerve fibers exposed to 0.01,
0.1, and 100 µM of this insecticide showed a decrease in
duration of action potential, but this decremental effect
was not statistically significant. However, the other concentrations of 1, 10 and 1000 µM produced a prolongation
between 3-18%, and this prolongation in duration was
significant.

tion reversed the effects of higher concentrations between
70 and 90%. Furthermore, the combination of mecamylamine in 10 µM reversed the effects of imidacloprid on
the area. While it reduced the effects of lower imidacloprid levels (0.01, 0.1 and 1 µM) by around 98%, effects of
the higher concentrations (10, 100 and 1000 µM) by this
antagonist were reduced between 50 and 93%. The same
concentration of this antagonist reduced the effects of the
lower imidacloprid concentrations on the latency. These
reductions were between 92 and 96%. Furthermore, this
combination of mecamylamine reduced the effect of 10 µM
insecticide by around 80%. But, this antagonist combination reduced the effects of 100 µM by 66%, and that of
1000 µM by 70%. In addition, this antagonist combination
in 10 µM reversed the effects of all the concentrations of
imidacloprid, and this reduction on the duration was between 90 and 98%.

3.2. The effects of α-bungarotoxin and mecamylamine

In the present study, both nicotinic acetylcholine receptor antagonists (α-bungarotoxin and mecamylamine)
were chosen since they produced no measurable effects on
the action potential by themselves, but did antagonize the
effects of imidacloprid. At first, the 1 and 10 µM doses of
both antagonists were studied on sciatic nerve action
potentials, respectively. However, these doses were found
to have no effect by themselves (not presented in the
figures). Their same doses in combination with imidacloprid were also tested. While 1 µM of both antagonists
(combination) has no effect (not presented in the figures),
this combination in 10 µM antagonized all the induced
effects of imidacloprid, respectively (Figs. 1-4). The reversible effects of these antagonists were significant.
α-Bungarotoxin in combination of 10 µM reversed the
effect of imidacloprid (0.01, 0.1 and 1 µM) on the amplitude by around 97% but its reversible effects on imidacloprid concentrations of 0.01 and 0.1 µM were not significant. Furthermore, the same combination of α-bungarotoxin
reversed the effects of concentrations of imidacloprid (10,
100 and 1000 µM) between 80 and 90%. The same antagonist in 10 µM reversed the effects of imidacloprid on the
area. Although this antagonist reversed the effects of this
insecticide between 0.01 and 1 µM by around 97%, its
reversible effect on the inhibition induced by 10 µM insecticide was 93%, and by both concentrations (100 and
1000 µM) was between 57 and 77%. Furthermore, this
antagonist in 10 µM reduced the effects of imidacloprid
levels (0.01, 0.1 and 1 µM) on the latency between 95 and
99%, and that of 10, 100 and 1000 µM levels between 66
and 85%. But α-bungarotoxin reversed the effects of all
the imidacloprid concentrations on the duration between
90 and 95%. In 10 µM, the combination with mecamylamine reversed the effect of imidacloprid on the action potential. This antagonist reduced the effects of imidacloprid
concentrations (0.01, 0.1 and 1 µM) on the amplitude by
around 97%. But, its reversible effects on 0.01 and 0.1 µM
were not significant. The same mecamylamine combina-

4. DISCUSSION
The aim of the present study was to examine the effects of imidacloprid on vertebrate peripheral nerve fibres.
Our findings provide new information about the effects of
insecticides on the nerve system of non-target organism.
The data obtained from the in vitro application of imidacloprid demonstrate a high efficiency when compared with those of untreated sciatic nerves. In a range
between 1-1000 µM, imidacloprid exerted reduced effects
on the action potential amplitude, area and latency whereas these concentrations prolonged the duration. This inhibition on action potential can be reversed by both nAChR
antagonists, α-bungarotoxin and mecamylamine (see Figs.
1-4).
Based on the electrophysiological studies, environmental pollutants, especially neonicotinoids, may act on
tissues of animals in many different ways [7, 29]. However, studies of the effects of imidacloprid on the non-target
organisms are very rare. In our results, imidacloprid inhibited action potential amplitude, area and latency. These
results strongly suggest that imidacloprid supresses inward currents via nAChRs. This conclusion is supported
by the results of an electrophysiological study of Zwart et
al. [7] that imidacloprid partially blocks the acetylcholineinduced inward currents in mammalian endplate-type
nAChR and mammalian neuronal-type nAChR. These suppressing effects of imidacloprid were also shown by Seifert
and Stollberg [25] on the embryonic muscle contraction in
frogs induced by acetylcholine or nicotine itself. Furthermore, Nagata et al. [19] found that imidacloprid modulates nAChRs in rat phaeochromocytoma cells. So, if imidacloprid interacts with nAChR channel pores, it shows
inhibitory effect on the nAChRs. On the other site, some
studies with imidacloprid suggested activating effects on
vertebrate nAChRs [23, 31].
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The different action of imidacloprid on different tissues might be due to its selectivity on different nicotinic
acetylcholine receptor subtypes. In fact, in vertebrate nervous system, two nAChR types are widely distributed, such
as homomeric and heteromeric receptors. While the homomeric receptor type consists of five different α subtypes
(5α7, 5α8, 5α9), heteromeric receptors consist of five
different α and β subtypes (2α3 2βX 1α5, or 2α4 3β2)
[33, 37]. In accordance with this argument, lots of biological processes were mediated by the nAChR subtypes [38,
43]. These receptor subtypes seem to confer differences
in pharmacological properties [37]. For instance, αbungarotoxin is a nAChR antagonist that is only sensitive
for homomeric receptors [37]. On the other hand, mecamylamine is another nAChR antagonist that interacts with
both homomeric and heteromeric nAChRs [44]. In our
results, the depressant effects of imidacloprid on action
potential parameters appear to be significantly reduced in
the presence of mecamylamine and α-bungarotoxin. However, this inhibition by imidacloprid has not been completely blocked by them and this change seems to be dosedependent. The inhibitory effects of imidacloprid upon
the addition of α-bungarotoxin or mecamylamine to the
solution containing the substance, suggest that both antagonists might interact with the nAChR subtypes on the
membrane surface of the nerve cell and thus prevent the
effects of imidacloprid. However, it is not known how
these decremental effects are realized. For this explanation, Zwart et al. [7] proposed that the mechanism of
decrease of the action potential by imidacloprid is due to
acceleration of desensitization of nAChR. This observation provides an explanation for the decrease of action
potential induced by imidacloprid. On the other hand, it is
not clear whether imidacloprid decrease of the action
potential is due to receptor desensitization because the coapplication study of Nagata et al. [45] demonstrated no
characteristic desensitization of receptor channels. It is
well-known that the nAChRs from various studies show
diverse characteristics to drugs. The different actions of
drugs including imidacloprid on different cells may be
possibly due to their selectivity on different subunit combinations of nAChR. A further study with imidacloprid
suggested that it binds to agonist binding site and indicates difference in the mechanism of action on the neuronal nAChR [46, 47]. Based on these various studies, the
following mechanisms may be considered; A first hypothesis is that, through the binding of this insecticide to
the agonist binding site, the nAChR conformation may be
modified whereby the open channel of receptor is
blocked, and so, sodium and calcium ions influences into
the nerve cell are reduced. A second hypothesis is that the
conductance of open channel is reduced by this insecticide
through binding to a site within the channel pore, and the
entrance of sodium and calcium ions into the nerve cell is
prevented. A third hypothesis is that, after binding of this
insecticide, different nAChR subunits are activated to give
rise to different channel conductance levels. To determine,
which of these hypotheses is correct, further analyses of

channel properties including dose and voltage dependence
of imidacloprid effects are needed.
5. CONCLUSION
The present results show that externally applied insecticides, such as imidacloprid, can modulate action
potential in Rana ridibunda. The potency of imidacloprid
along with the antagonistic action of both α-bungarotoxin
and mecamylamine on responses induced by the insecticide, supports the suggestion that nAChR subtypes are
probably responsible for the modulation of the action
potential in the frogs sciatic nerve system. However, the
concrete mechanism of action of imidacloprid is not yet
clearly understood. To answer this question, further experiments using neuropharmacological and immunohistochemistry approaches will be necessary to explain the role
of nAChR system in this preparation.
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A NOVEL NITROGEN REMOVAL PROCESS
FOR DENITRIFICATION AT LOW TEMPERATURES AND ANALYSIS OF RESULTANT MICROBIAL POPULATIONS
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Science and Engineering, Tongji University, 1239 Siping Road, Shanghai 200092, P.R. China

ABSTRACT
In the present study, the nitrogen removal efficiency
of a novel nitrogen removal process for treating typical
low carbon-to-nitrogen (C/N) ratio of urban sewage at low
temperatures was investigated. The experiments were carried out from December 2012 to April 2013 for a period
of 130 days. During this time, the water temperature was
mostly below 15 °C, and the C/N ratio (biochemical oxygen demand/total kjeldahl nitrogen, BOD/TKN) of the
influent remained below 4. The data showed that after a 30days acclimation period, the system achieved satisfactory
nitrogen removal performance. The total nitrogen (TN)
and NH4+-N level of the effluent both reached the standard of Class A, and the ammonia-nitrogen removal rate
reached 95%. This method successfully overcame the effects of low temperature and low BOD/TKN on nitrogen
removal from sewage, and the nitrification and denitrification capability of the sludge was significantly improved
before inoculation. In addition, the nitrification rate and
carbon utilization of the technique, and polymerase chain
reaction denaturing gradient gel electrophoresis (PCRDGGE) analysis of the activated sludge were examined to
further explore the advantages of this new technique.
KEYWORDS: Novel nitrogen removal technique, low carbon-tonitrogen (C/N) ratio, low temperature in winter, polymerase chain
reaction denaturing gradient gel electrophoresis (PCR-DGGE)

1. INTRODUCTION
Currently, there are many biological processes for nitrogen and phosphorus removal; however, the majority of
these processes have problems, such as insufficient carbon source, flora competition, difficulty in controlling the
sludge age, and poor nitrification performance at low temperatures [1-7]. This makes it difficult for sewage treatment
plants to achieve satisfactory denitrification under certain
* Corresponding author

conditions, especially under carbon deficiency and at low
temperatures in the winter [8, 9]. The C/N ratio of urban
sewage in China is relatively low, and the ammonia-nitrogen
content is relatively high. Particularly in southern cities,
due to the effects of geographical conditions, the living
environment and eating habits, the actual chemical oxygen
demand (COD) in the influent is often only 100-200 mg/L,
whereas the NH4+-N concentration is above 35 mg/L [10].
China's State Council presented a comprehensive energy conservation and emission reduction policy in the
twelfth five-year plan. This sets stringent criteria for NH4+N emissions, and increases the demand for denitrification
capacity of municipal wastewater treatment plants. However, it is difficult for the conventional biological treatment method currently used by most Chinese wastewater
treatment plants to meet this standard. Hence, upgrading
and improving the existing wastewater treatment plants
has become a serious, pressing problem.
To solve the problem of insufficient carbon sources,
many studies have been conducted to modify the denitrification processes in space or time, to search for alternate
organic carbon sources, or to develop new processes [11-14].
These approaches solve the problem of substrate competition during the denitrification process to a certain extent,
and improve the efficiency of nitrogen removal. However,
most of these methods require increasing the number and
volume of the reactors and the return system, and involve
complex operations and management. Therefore, determining how to improve denitrification efficiency under insufficient carbon sources, attempting to meet the emission
standards without adding an external carbon source, and
maintaining satisfactory denitrification efficiency at low
temperatures has become the focus of current researches.
Professor Joong-Chun Kwon in Korea invented the
up-flow multi-layer bio-reactor (UMBR). UMBR combines
the primary sedimentation tank, the anaerobic tank, the
anoxic tank and the sludge thickener, and uses upward
flow for mixing. UMBRs are divided into the following
three layers by height: the concentration layer, the anaerobic layer (P release), and the anoxic (denitrification) layer.
The substrate dispersion and microbiological conditions

1828

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

vary at different layers of the UMBR. The up-flow pattern
helps to maintain high biological concentrations and a stable
quality of effluent under condition of overload, or mixed
liquor suspended solids (MLSS) fluctuations. Currently, this
method has been used for treating high-concentration organic wastewaters, such as livestock wastewater and landfill
leachate, and has achieved good denitrification results [1517].
In the present study, the new up-flow cyclic sludge
bed (hereinafter referred to as UCSB) was used. UCSB is
improved based on UMBR. First, the tank body is divided
into inner and outer layers connected by channels for mudwater mixture, which undergoes continuous cycles between
the inner and outer layers driven by the upward flow. Second, the effective depth of the bottom sludge hopper is
creased. With these modifications, the system capacity for
anaerobic hydrolysis and acidification is improved, which
increases the production of carbon sources that can be
easily used by microorganisms, thus increasing the C/N
ratio. The improved process is different from the traditional A2/O technique. It greatly simplifies the operation
process, aims to achieve good living conditions for the
microorganisms in the system, improves the conversion
and utilization of carbon sources within the sewage treatment system, and achieves good denitrification efficiency
in the treatment of low C/N ratio urban sewage. The present study investigated the effects of this new type of
denitrification technology in treating low C/N domestic
sewage at low temperatures in the winter.
2. MATERIALS AND METHODS
2.1 Test apparatus

The test apparatus is made of Plexiglass, and is composed of the new bioreactor, UCSB, an oxic tank and
sedimentation tank. The flowchart is shown in Fig. 1.

This process is different from the traditional A/O process. The UCSB is designed based on the results of preliminary studies. It achieves water distribution using upward flow. Returned sludge from the secondary sedimentation tank and mixtures from the oxic tank enter the
bottom of UCSB, together with influent, flow out from
the top, and then, flow through the oxic tank and sedimentation tank until they leave the system [18]. Sludge is
removed through the bottom of the new bioreactor, and its
concentration inside the reactor increases gradually from
top to bottom, with the sludge concentration at the bottom
possibly reaching 12000-15000 mg/L. The reactor is
equipped with a stirrer and scraper, and the stirring speed
can be controlled at 2-3 rpm, with an effective volume of
25 L. Hence, the new system combines the functions of
organic matter removal, anaerobic acidogenesis and anoxic denitrification. The oxic tank achieves oxygen aeration
through the micropores, and the effective volume is 36 L.
The secondary sedimentation tank uses the center-in,
surround-out design, and is equipped with a scraper, with
an effective volume of 12.3 L. In the present test, the
volumes of the influent, the return sludge and return mixture were all controlled using a peristaltic pump. The test
conditions are shown in Table 1.
2.2 Test water and sludge

The sludge used for inoculation was collected from
return sludge in the secondary sedimentation tanks of the
Quyang sewage treatment plant in Shanghai. The water
used in the test was collected from the grit tank effluent of
the Quyang sewage treatment plant in Shanghai. The
water quality of the influent is shown in Table 2.
As Table 2 shows, during the test period, the
COD/TKN was 4.65, and the mean BOD/TKN was 2.87.
BOD/TKN ratio can reflect the adequacy of the carbon
source. The theoretical BOD/TKN threshold for denitrification is 2.86; i.e., in theory when BOD/TKN is greater

Mixed)liquid)return

Influent

UCSB

Oxic)unit

WAS

Sedimentation)tank

Effluent

Sludge)return

FIGURE 1 - Flow diagram of the process.

TABLE 1 - The operating conditions of the apparatus used.
Influent flow rate (L/d)
100

HRT
(h)
14

HRT1
(h)
6

HRT2
(h)
8

SRT
(d)
30

MLSS1
(mg/L)
10000±2000

MLSS2
(mg/L)
2000±500

Return
sludge ratio
100%

Return
mixture ratio
200%

Water temperature
(°C)
6~15

Note: subscripts 1 and 2 denote data from UCSB and data from oxic tank, respectively; number of measurement repetitions n = 130.
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TABLE 2 - Water quality of the influent.
Indicator

Concentration (mg/L)

COD
BOD
NH4+-N
NO3--N
NO2--N
TN
TP

159.47±44.79
89.14±26.07
31.80±4.82
0.57±0.50
0.05±0.06
34.44±4.33
4.82±4.49

Note: number of measurement repetitions n = 130.

than 2.86, denitrification treatment can be performed.
However, in practice to achieve good nitrogen removal
efficiency, BOD/TKN must reach at least 4 (The "Outdoor drainage design specifications GBJ50014-2006" of
China require that, for urban sewage treatment plants,
BOD/TKN is >4). Hence, during the present test, the
influent remained carbon source-deficient.
2.3 Methods for microbial population detection

For microbial population detection, PCR and DGGE
were combined. The main steps are as follows:
(1) Preparation of sample DNA: The cells were collected using centrifugation, dissolved in 5 ml extraction
(100 mM Tris·Cl, 100 mM EDTA-Na2, 200 mM NaCl,
2% CTAB, PH 8.0), and subjected to oscillation at 37 °C
for 45 min. Next, 0.75 ml of 20% SDS was added, and the
mixture was subjected to a 65 °C water-bath for 1 h before centrifugation at 12,000 rpm for 10 min. The supernatant was collected, and then extracted twice with equal
volumes of phenol:chloroform:isoamyl alcohol (25:24:1).
Next, NaAC (pH 5.2, final concentration 0.3 M) and double volumes of absolute ethanol were added, and the mixture was subjected to precipitation at room temperature
for 1 h before centrifugation at 4 °C and 12,000 rpm for
20 min. The precipitate was collected and rinsed twice
with 70% ethanol, dried and dissolved in 50 µl Tris-EDTA
(TE).
(2) Amplification of the V3 region of 16S rRNA
gene: The primers used were bacterial 16S rDNA V3
hypervariable regions F338 (5'- CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG GCA CGG GGG
GAC TCC TAC GGG AGG CAG CAG -3') and R519
(5'- ATT ACC GCG GCT GCT GG -3'). The reaction
system had a total volume of 50 µl, containing 41.25 µl
ddH2O, 5 µl 10×Buffer (including 2.0 mM MgCl2), 1 µl
dNTP (10 mM), 1 µl F338-GC (10 µM), 1 µl R519 (10
µM), 0.25 µl Taq polymerase (5 U/µl), and 0.5 µl template DNA. Reaction conditions were as follows: 94 °C
for 4-min pre-denaturation; 94 °C for 0.5 min; 56 °C for
1 min; 72 °C for 0.5 min; 30 cycles, 72 °C extension for
7 min. PCR products, each 3 µl, were loaded in 1.5% agarose, with 5% Goldview dye, 1×TAE buffer added, and
subjected to electrophoresis at 120 V steady voltage for
30 min. The UVI gel imaging system was used to analyze
the results.

(3) DGGE: 400 ng V3 region PCR product was collected, and subjected to DGGE analysis using D-code
universal mutation detection system (Bio-Rad company,
USA). The polyacrylamide gel used had a concentration of
8% (acrylamide:bis-acrylamide = 37.5:1), and the concentration of the denaturing agent varied from 30 to 60%
(100% denaturing agent was 7 mol/L urea, 40% formamide). Electrophoresis was performed at 180 V and 60 °C
constant temperature in 1×TAE for 4.0 h. After electrophoresis, ultrapure water was used to rinse the gel, which
was then put in the staining solution containing 5%
Goldview, and placed on a shaker for 30 min. The UVI
imaging system was used to take photos [19, 20].
2.4 Methods for determining water quality and microbial
nitrification rate

Conventional water quality indicators COD and NH4+-N
were determined using hash reagent method. NO3-N was
measured using UV spectrophotometry (B), NO2-N was
measured using N-(1-naphthyl)-ethylenediamine spectrophotometry (A), TN was determined using persulfate oxidation UV spectrophotometry, total phosphorus (TP) was
determined using molybdenum blue spectrophotometry,
and MLSS and mixed liquor volatile suspended solids
(MLVSS) were measured using dry weighing method.
To determine the nitrification rate, return sludge from
the wastewater treatment plant and sludge from the oxic
tank were subjected to aeration for 24 h, rinsed with distilled water, and the sludge concentration was diluted to
approximately 2 g/L. The tests were performed at 10 °C
constant temperature. The two types of sludge were placed
in two beakers, one type in each beaker, mixed and subjected to aeration, with dissolved oxygen (DO) controlled
at approximately 6 mg/L. An equal amount of NH4Cl and
a small amount of NaHCO3 (to ensure that the alkalinity
met the requirement for nitrification) were added to each
beaker for simulations of the sludge nitrification process.
Samples were collected regularly, filtered with 0.45-µm
filtration paper, and the NH4+-N, NO2--N and NO3--N
contents of the filtrates were measured. The nitrification
rate was calculated using the following formula:
Apparent nitrification rate (ANR) = ammonia reduction / (MLSS concentration × time)
(1)
Volatile fatty acids (VFAs) were measured using a
GC6890N gas chromatograph (Agilent, USA) and hydrogen flame ionization detector (FID), with a split ratio of
20:1. The operating conditions were as follows: carrier gas
N2, flow-rate about 75 ml/min; air flow-rate 500 ml/min;
hydrogen flow-rate 50 ml/min; column temperature 190 °C;
injector temperature 200 °C; detector temperature 220 °C;
the injection volume was 1 µl. The sample preparation was
as follows: the sample was filtered with a 0.45-µm micropore filtration membrane; the filtrate was collected,
and an appropriate amount of 3% phosphoric acid was
added to ensure that the pH value of each sample was less
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than 3.0; then, 1 µl prepared sample was injected for GC
analysis.
3. RESULTS AND DISCUSSION
3.1 Ammonia-nitrogen and total nitrogen removal of the
system

The ammonia-nitrogen and total nitrogen removal rates
during the 130 days of running the new nitrogen removal
process are shown in Fig. 2. As illustrated in Fig. 2a, after a
30-day acclimation period, the ammonia-nitrogen concentration in the effluent had gradually stabilized. At temperatures of 6-15 °C of the influent, the ammonia-nitrogen
concentration was maintained below 5 mg/L, with a removal rate of above 90%. As shown in Fig. 2b, after a 30day acclimation period, the total nitrogen concentration in
the effluent had gradually stabilized. With the C/N ratio
of the influent at less than 4, total nitrogen concentration
remained below 15 mg/L, sometimes even below 10 mg/L,
with removal rates mostly above 60%. Hence, stable removal of ammonia-nitrogen and total nitrogen was achieved.

ment in the system and entered a stable phase. At this
stage, the microorganisms were at full capacity for nitrification and denitrification, and the effluent met the standards in a stable manner.
3.2 Comparison of apparent nitrification rate

The apparent nitrification rate refers to the amount of
change in NH 4+-N per unit of time. It is an important
indicator for the nitrification function of a sludge system.
A comparison of the apparent nitrification rate before and
after acclimation can reveal how much the nitrification
capacity of the sludge system improves after acclimation.
Figure 3 compares the apparent nitrification rate of the
sludge in the oxic tank with that before inoculation. Under
the same conditions, the sludge ANRs were 2.45 and
0.68 mg (NH 4+-N)·[g(MLSS)·h]-1, respectively, and the
apparent nitrification rate was 3.6 times higher than before inoculation.
35
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90%
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FIGURE 3 - Apparent nitrification rate of sludge before and after
inoculation.
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FIGURE 2 - The removal effects of NH4+-N and TN of the new
process.

The above results suggested that after approximately
30 days of acclimation for the new denitrification process,
the sludge gradually adapted to the new living environ-

These results suggested that nitrification of the new nitrogen removal process mainly occurred in the oxic tank. In
addition, at low temperatures, the apparent nitrification rate
of the sludge was substantially improved compared to before
inoculation. This demonstrates that the new system helps
nitrifying bacteria to grow and stabilize at low temperatures, and thus overcomes the major problem that low temperatures in winter limit nitrification.
The nitrification reactions in the sludge mainly involve the following two types of bacteria: one is the ammonia oxidation bacteria (AOB), which oxidizes NH4+-N
into NO2--N; the other is the nitrite oxidation bacterium
(NOB), which oxidizes NO2--N into NO3--N. As shown in
Fig. 4, both the nitrosation and the nitrification rates of
the sludge in the system after acclimation were far higher
than before inoculation. This was particularly the case for
the nitrosation rate, which started to accelerate from the
beginning of the process. In comparison, the nitrosation
rate of the sludge was relatively flat before inoculation.
Thus, the new nitrification/denitrification process pro-
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motes bacterial growth and stability but also enhances
AOB more significantly than NOB.
20

NO3--N before inoculation
NO2--N before inoculation
NO3--N after inoculation

400

NO2--N after inoculation
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Removal rate

50 mg/L

50

FIGURE 4 - The concentration changes of NO3- and NO2- during the
nitrification process.
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bottom of the UCSB. After reactions in the anaerobic
zone, levels of VFAs, mainly propionate and N-butyric
acid, increased greatly. Therefore, the carbon source
could be easily absorbed, providing good conditions for
denitrification at the next stage.

0

0
0

10

20

30

40

50

60

70

80

90 100 110 120 130 140

Time /d

3.3 Utilization of carbon sources

(a)

The outer layer of the UCSB is not significantly affected by the reflux system, and the bottom is large and
has a high sludge concentration. Thus, the outer layer of
the reactor and the sludge at the lower part are in good
anaerobic conditions during the process and can transform
organic matters in the influent that are difficult to be degraded into bioavailable volatile organic acids through
anaerobic fermentation. Table 3 shows the concentrations
of volatile fatty acids (VFAs) in the influent and at the

160
140
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COD /mg/L

The overall COD removal and COD removal at different stages of the new denitrification process are shown in
Fig. 5, in which the COD concentration is the mean COD
over 130 days of the experiment. It can be seen that the
COD removal effect of the system was substantial. The
average COD concentration in the effluent was less than
20 mg/L, and the removal rate reached 90%. As inside the
UCSB, the sludge concentration, and hence, the removal
capacity of the microorganisms, was relatively high, and
COD removal was almost completed within the reactor.
After this stage, the COD removal rate was 86%, accounting for more than 95% of the overall removal rate. In the
oxic tank, the COD of the influent was very low, and this
environment greatly reduced the competition between
heterotrophic and nitrifying bacteria, and provided a good
living environment for the nitrifying bacteria, thereby
greatly strengthening their nitrification function. This was
also an important reason for the growth and stabilization
of the nitrifying bacteria at low temperatures. Meanwhile,
the influent COD (including readily biodegradable and
non-biodegradable organic matters) was effectively utilized
as a carbon source inside the UCSB, which also had a denitrification function due to its anaerobic operating conditions. Therefore, a relatively high utilization rate of the carbon source ensured ample energy source necessary for the
growth of denitrifying bacteria in the system, and provided good conditions for denitrification.

100
80
60
40
20
0

Influent

UCSB Effluent Effluent of Oxic unit Effluent

Different phases
(b)

FIGURE 5 - The COD removal efficiency of the new process and
COD variations among every reactor.
TABLE 3 - Changes in VFA contents.
Different stages
Influent
Bottom of the UCSB
Effluent from the UCSB

Mean VFAs (mg/L)
Propionic acid

N-Butyric acid

6.48
35.04
0

0.94
18.88
0

3.4 Analysis of microbial populations in the system

Figure 6 shows the sludge DGGE gel electrophoresis
results. The top four lanes represent sludge at different
heights in the USCB. Lane 5 represents sludge in the oxic
tank, and lane 6 represents sludge in the oxic tank of the
sewage treatment plant before inoculation. The number of
bands in each lane reflects the diversity of microbial populations in the system, and each band represents a different
microorganism. Although co-migration of DNA segments of
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different sequences is possible [21-23], and in the DGGE
analysis false-positive results cannot be completely ruled
out, it is generally assumed that in DGGE spectrum each
band represents one species [24]. The greater the number of
bands, the more complex the microbial population structure is. In addition, the brightness of the bands can semiqualitatively reflect the abundance of the corresponding
bacteria, i.e., the brighter the band, the more abundant the
bacteria.
U1

U2

U3

U4 Oxic
sludge
after
inoculation

Oxic
sludge
before
inoculation

As shown in Fig. 6, as the process continued, some
bands in the DGGE gel disappeared, whereas some new
bands appeared, suggesting changes in the microbial population structure in the sludge. In addition to changes in
presence and absence of species, the abundance of the
species also changed, manifested by changes in the brightness and the thickness of the bands. Compared to lane 6,
the top 5 lanes showed more bands, and the bands were
more even in brightness, i.e., copious types of microorganisms existed in the activated sludge at different heights
of the UCSB and in the oxic tank. This suggested that the
microbial population structure in the reaction system had
adapted to the low temperatures and the low C/N ratio
denitrification environment, and the denitrification system
under the given conditions had been established.
The sludge microbial population structures in different functional areas of the two tanks were highly similar,
as reflected by similar DGGE spectra among the top five
lanes. This is consistent with the results of the analyses on
microbial community structure in activated sludge [25, 26].
Combined with the design of the apparatus, this phenomenon suggests that the sludge circulation in the inner and
outer loops inevitably result in flow of microorganisms
between different regions, thereby leading to a homogeneous trend in the microbial population structure within
the system. In the process, the outer return sludge of the
anaerobic/anoxic tank enters the secondary sedimentation
tank, whereas the inner return sludge enters from the oxic
tank, and during the return and circulation process, nitrate
nitrogen is inevitably brought into the anaerobic zone.
Therefore, the microbial populations in different reaction
tanks differ little in structure, and the microbial species
are mostly the same.
Figure 7 shows the similarity matrix of the samples
calculated based on Sorensen's coefficient [27]. The low
load and low temperatures pose a high selection pressure
on the existence and abundance of the microbial popula-

FIGURE 6 - The DGGE gel electrophoresis of different sludge
samples.
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FIGURE 7 - Similar matrix of sludge samples.

tions in the system. Species that do not adapt to the extreme and dramatic changing environment will be eliminated, and this is the reason why the biological community structure in the sludge changes significantly and rapidly. Stable water quality of the effluent is related to not
only stable microbial populations, but also the ability of
these populations to adapt to the environment. After acclimation, bacteria in the system can simultaneously adapt
to anoxic and aerobic environments, and the nitrogen
removal capacity of the system is relative high.

produce volatile organic acids that can be easily absorbed
and utilized by microorganisms. This further reduces the
COD of the effluent but also fully utilizes the carbon
sources in the influent and those inside the sewage treatment system.
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4. CONCLUSIONS
1) Under the operational conditions of influent temperatures of 6-15 °C and BOD/TKN <4, the new denitrification process can reach a satisfactory nitrogen removal
efficiency after a 30-day acclimation period. The effluent
TN reached the standard of Class A (TN ≤ 15 mg/L) in a
stable manner, and the ammonia-nitrogen removal rate
was above 95%. Thus, the new denitrification process
effectively overcomes the influence of low temperatures
and low C/N ratio on sewage denitrification, and the nitrification and denitrification capacities of the sludge after
acclimation are both significantly improved compared to
before inoculation.
2) Results of nitrification rate tests show that after
system acclimation, the nitrification rate of the sludge at
low temperatures reached 3.6 times that before inoculation, and the improvement in nitrification is especially
prominent on AOB growth.
3) Over 95% COD in the influent is removed within
the UCSB. This not only reduces the competition between
the heterotrophic bacteria and the nitrifying bacteria in the
aerobic zone, but also effectively provides carbon sources
for denitrifying bacteria in the anaerobic zone. In addition, the anaerobic treatment in the outer layer and at the
bottom of the UCSB can hydrolyze and acidify a part of
the organic matters that are difficult to be degraded, and
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RESEARCH ON POLLUTION DIFFUSION
REGULARITY NEAR SEWAGE OUTLET AREAS
IN CAIDIAN REACH OF HANJIANG RIVER, CHINA
Shuangling Wang, Wanshun Zhang*, Zilong Zeng and Hao Liu
School of Resource and Environmental Science, Wuhan University, 430079, Wuhan, China

ABSTRACT
Researches on the regulation of pollutant transition
and diffusion in rivers are significant in engineering. A
2D-hydrodynamic and water quality model is developed
based on the Navier–Stokes equation and the k-ε turbulence
model. The model is used to simulate the 2D-distribution
of pollutants along Caidian Reach of Hanjiang River under
different discharge conditions for a proposed sewage outlet,
and satisfactory results are achieved. Results show that
chemical oxygen demand (COD) level exceeds surface water
Class IV standard, with the accidental discharge of sewage
outlet and when the pollution range in the river is wide,
which seriously affect downstream water quality. We suggest that supervision and disposal should be strengthened,
particularly in the case of accidental discharge. The space–
time distribution of pollutants provides a scientific basis
for water environmental planning and management research.
KEYWORDS: Numerical model, k − ε model, sewage outlet,
water environment management, Hanjiang River.

1. INTRODUCTION
Rapid economic and social progress, combined with
unreasonable drainage, results in the deterioration of the
water ecological environment. Thus, analyzing the effects
of pollutant discharge on the water environment is significant. Such an analysis is a foundation for the protection of
water resources and for strengthening the management of
water function areas, aside from being a key link in ensuring the safety of drinking water [1-6].
Many studies employ several methods to calculate the
polluted areas surrounding sewage outlets. These methods
include the analytical method, experience formula, laboratory test, and numerical simulation. Compared with laboratory tests and field measurements, numerical simulation
has the advantages of low cost, convenience, flexibility,
* Corresponding author

and reproducibility [7, 8]. Therefore, numerical simulation
is widely applied and often combined with field measurement to verify model accuracy. A number of scholars have
applied numerical models to simulate the distribution of
pollutants along a river for a sewage outlet [9-16]. A coupled hydrodynamic–ecological model was established to
simulate dissolved pollutant transport and diffusion in
Changjiang River Estuary [11]. A 2-D water hydrodynamic
and quality model was implemented to simulate the water
quality and contamination dispersion near the sewage outlet
[12]. These studies effectively simulated pollutant transport
and diffusion in rivers near a sewage outlet. However, research on the turbulence kinetic energy and turbulence dissipation rate of flow in rivers remain relatively limited.
In this study, a 2-D hydrodynamic and water quality
model is developed based on the Navier–Stokes equation
and the k-ε turbulence model. The proposed model is validated through synchronous observations of typical sections.
Using the validated model, we simulated the spatial and
temporal distribution of pollutants along a river, and analyzed it under different discharge conditions for a proposed sewage outlet. The results indicate that the numerical model is an effective tool for designing the location of
sewage outlets and assessing the effect of pollutants on
the water environment.
2. MATERIALS AND METHODS
2.1 Research area

The middle and lower reaches of Hanjiang River,
which is the largest tributary of Yangtze River, are located in 111 to 115 degrees east longitude and 30 to 33 degrees north latitude in Hubei Province, China [17, 18]
(Fig. 1). Hanjiang River is an important water source for
the domestic, industrial, and agricultural use of various
counties (cities) along the river [19]. The study area is
Caidian Reach of Hanjiang River, and the sewage outlet is
located in the river. After the discharge of pollutants into
the river, vertical diffusion of pollutants occurs rapidly,
and contaminants aggregate immediately. These pollutants
usually affect only one side of the river. The simulation
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range is 0.2 km upstream to 20 km downstream of the
sewage outlet. The migration and diffusion of pollutants
along a river are simulated under different discharge conditions for a proposed sewage outlet.
2.2 Numerical model
2.2.1 Basic governing equations

The continuity equation is as follows:

∂z ∂hu ∂hv
+
+
=0
∂t ∂x
∂y

(1)

The momentum equation in the X axis can be written
as shown in Eq. 2.
The momentum equation in the Y axis can be written
as shown in Eq. 3.

ε

The water quality model is given in Eq.4. and the
turbulence model is as shown in Eq. 5 and 6.

k-

FIGURE 1 - Location of the study area.

∂hu
∂
(huu ) + ∂ (hvu ) + gh ∂z = ∂ (hγ t 2u y ) + ∂ hγ t v(u y + v x ) − hλu
+
∂t
∂x
∂y
∂x ∂x
∂y

(2)

∂hv
∂
(huv) + ∂ (hvv) + gh ∂z = ∂ hγ t v(u y + v x ) + ∂ (hγ t 2v y ) − hλv
+
∂t
∂x
∂y
∂y ∂x
∂y

(3)

[

[

]

]

where, u and ν are the vertical average velocities in the X and Y axes (m/s), respectively; z is the water level elevation (m); h is the water depth (m); and γt

C f = gn 2 h −1 3

is the turbulent viscosity coefficient (m2/s).

λ = C f u2 + v2 ，

，n is the bed roughness.

$ ∂ ' γ
$
∂hci ∂
∂
∂ ' γ
(4)
+ (huci ) + (hvci ) = %% h t ci "" + %% h t ci "" − h(k d ci ) + S m
∂t
∂x
∂y
∂x & σ c # ∂y & σ c #
where, C t is the concentration of pollutant (mg/L); K x and K y are the diffusion coefficients in the X and Y axes
(s/m2), respectively;

Kd

is the degradation coefficient of pollutants (1/s); and

∂hk ∂
∂
∂ * γ
+ (huk ) + (hvk ) = (( h t
∂t ∂x
∂y
∂x ) σ k

' ∂ * γ
k %% + (( h t
& ∂y ) σ k

Sm

is the discharge load.

'
k %% + h(G + Pkv − ε )
&

∂hε ∂
∂
∂ & γ # ∂ & γ # &
ε
ε2 #
!
+ (huε ) + (hvε ) = $$ h t ε !! + $$ h t ε !! + h$$ C1ε G + Pεv − C 2ε
∂t
∂x
∂y
∂x % σ k " ∂y % σ k " %
k
k !"
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2

k and ε are the turbulence kinetic energy and turbulence dissipation rate, respectively; γ t = Cµ k ; G
ε

denotes the turbulence kinetic energy; Pkv =
parameters shown in Table 1).
TABLE 1 - Basic parameters of the

u*3
u3
34
C k ; Pεv = * Cε ; Ck = 1 C f ; and Cε = 1.8C2ε Cµ C f (other
h
h
2.3 Calculation area and grid division

k - ε turbulence model.

Cµ

C1ε

C 2ε

σk

σε

0.09

1.44

1.92

1

1.3

According to the river regime of the study area, engineering practice analyses, as well as hydrographic and
bathymetric data, a mesh was applied to the river area
from 0.2 km upstream to 20 km downstream of the sewage outlet, with the smallest grid measuring 20 m long
and 9 m wide (Fig. 2).

2.2.2 Initial and boundary conditions

The rigid boundary condition is as follows:

(u, v)b = (0,0)
∂ ( z, ci , k , ε )
=0

(7)

2.4.1 Model calibration

(8)

∂n

The upper boundary condition is as follows:

(u, v, c, k , ε ) = [ub (t ), vb (t ), cib (t ), kb (t ), ε b (t )] (9)
The downstream boundary condition is as follows:

∂ (u , v, ci , k , ε )
=0
∂n
z = z out (t )

(10)
(11)

Initial condition:

(u, v, z, ci , k , ε ) = (u0 , v0 , z0 , ci 0 , k 0 , ε 0 )
t =0

2.4 Model validation and calibration

Channel roughness: The roughness of a natural river
is affected by the bed composition, bed configuration, and
flow and sediment concentration of Hanjiang River. Thus,
the wetted perimeter roughness of each part differs. According to the comprehensive characteristics of Hanjiang
River, the estimated roughness value for the study area is
0.028.
Degradation coefficients: A natural river has a certain
natural purification capability for pollutants. The degradation coefficient can reflect the natural purification capacity of rivers, which is affected by hydrodynamic conditions and different pollutants. The degradation coefficient
of chemical oxygen demand (COD) during the dry season
in the study areas is 0.27 d-1.
2.4.2 Model validation

(12)

2.2.3 Numerical discretization and solution

The governing equations of the hydrodynamic and
water quality model are discretized in the framework of
the finite-volume method, and the computation is facilitated by the SIMPLE algorithm [20].

The hydrological verification: The hydrological verification is validated by using field data from the test section in May 2012. The section is located 500 m from the
downstream sewage outlet, with five different distance
location points from the left flow velocity data for validation (Fig. 3). The water flow-rate of the upstream and the
water level of downstream section are 346 m3/s and 13.80 m,
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FIGURE 2 - Grid distribution diagram in the study area.

FIGURE 3 - The location of flow velocity verification points.

TABLE 2 - Flow velocity verification results.
Location
1
2
3
4
5

Measured velocity (m3/s)
0.31
0.55
0.5
0.45
0.24

Calculated velocity (m3/s)
0.34
0.59
0.47
0.49
0.26
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Relative error (%)
9.68
7.27
-6.00
8.89
8.33
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FIGURE 4 - Flow velocity verification results.

respectively, which were selected as the hydrologic condition for hydrological verification. A comparison of the
values of calculated surface flow velocity and measured
surface flow velocity shows that the relative error is
small. The verification results are shown in Fig. 4 and
Table 2.
The maximum relative error of calculations for average flow velocity is 9.68%, whereas the maximum relative error of calculations for stratified flow is 10%. The
calculated values exhibit agreement with the measured
data. Thus, the calibrated parameters can be used for
simulation and prediction.
The water quality verification: The water quality verification is validated by using field data from May 2012.
Five sampling sites are chosen for water quality validation
which depends on different distance locations. The sampling sites located between 200 m upstream and 500 m
downstream away from sewage outlet (Fig. 5). The same
hydrologic conditions were used for quality verification.
The measured COD concentration of point 1 and point 2
is the background concentration and confluence concentration; the values are 12 mg/L and 20 mg/L, respectively.
A comparison of the values of calculated water quality
and measured water quality shows that the relative error is
less than 10% ( Table 3).
The model can accurately simulate the hydrodynamic
conditions and water quality, and it is feasible for the
proposed model to be used for the study of water quality
in the Hanjiang River.

3 RESULTS AND DISCUSSION
3.1 Design conditions
3.1.1 Hydrological conditions

According to Hanjiang River hydrological data, the
dry season is the most unfavorable period for water quality. In this study, the dry season has a 90% assurance of
minimum monthly flow based on the design of hydrological conditions. The water flow-rate of Hanjiang River is
346 m3/s, and the water level is 13.80 m during the dry
season.
3.1.2 Discharge conditions

According to the set of sewage outlets, wastewater is
treated by a sewage station under normal discharge of a
sewage outlet. Pipes are used to discharge wastewater into
Hanjiang River, and continuous emission occurs when the
water quality meets the integrated wastewater discharge
standard (GB8978-1996). Wastewater discharge cannot
meet the water quality standard for various reasons,
thereby causing accidents in sewage outlets. Thus, pollutant concentration exceeds the surface water standard. The
discharge flow of a sewage outlet is 1.16 m3/s. The COD
concentrations are 50 mg/L and 260 mg/L under normal
and accidental discharge conditions of the sewage outlet,
respectively (Table 4).
TABLE 4 - The discharge conditions of sewage outlet.
Scenario
1 Normal discharge
2 Accidental discharge

1841

Discharge flow
1.16

m3/s

COD discharge
concentration (mg/L)
50
260
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FIGURE 5 - The location of water quality verification points.

TABLE 3 - Water quality verification results (COD).
Sampling site
1
2
3
4
5
3.1.3 Background concentration

Latitude(N)

Longitude(E)

30°35′8.7″
30°35′9.1″
30°35′9.4″
30°35′9.9″
30°35′12.5″

114°2′52.0″
114°3′0.1″
114°3′0.5″
114°3′4.8″
114°3′17.3″

Based on the major pollutants in the wastewater discharges into the river in the study area, COD is selected as
the predictor index in the model. According to the 2012
water quality monitoring data of Xiantao Monitoring
Stations, located upstream of Hanjiang River, the background concentration of COD is 12 mg/L.
3.2 Simulation results

According to the hydrological conditions in the study
area, the spatial and temporal distribution of pollutants
along the river are simulated and analyzed under normal
and accidental discharge conditions for the sewage outlet.
The influences of pollutant diffusion in scale and degree
under different scenarios were analyzed according to the
Chinese Surface Water Quality Standard (GB 3838-2002).
The water quality simulated results are shown in Tables 5
and 6 and Figs. 6 and 7.
TABLE 5 - COD concentration of downstream sewage outlet in
Hanjing River (mg/L).
Scenario
Normal discharge
Accidental discharge

0.5 km
10.58
13.68

Downstream sewage outlet
1 km
5 km
10 km
10.47
10.4
10.36
12.94
12.63
12.58

Measured
Calculated
Relative error (%)
value (mg/L) value (mg/L)
10.26
10.65
3.8
20
21.1
5.5
15
15.6
4
13.68
14.3
4.53
11.58
12.6
8.81
TABLE 6 - The concentration distribution of COD along the river
(m).
≥II
≥III
≥IV
length width length width length width
Normal discharge
49
20
26
10
0
0
Accidental discharge 305
50
136
30
72
20
Note: II, III and IV represent the water quality classes of the Chinese
Surface Water Quality Standard (GB3838-2002)
Scenario

Under the hydrologic conditions during the dry season, The COD concentration exceeds surface water Class
III standard, either normal discharge or accidental discharge, which seriously affects downstream water quality.
The results indicate that the length and width of the pollution area which the COD concentration exceeds surface
water Class III standard are 26 m and 10 m, respectively,
under normal discharge, but 136 m and 30 m, respectively, in case of accidental discharge. The length and width of
the pollution area which the COD concentration exceeds
surface water Class IV standard are 72 m and 20 m, respectively, in case of accidental discharge. The results show
that the COD concentrations are 10.58 mg/L and 13.68
mg/L under normal discharge and accidental discharge at
500 m from the downstream outlet. The impact of pollutant discharge is relatively small after 500 m from the
downstream outlet.
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FIGURE 6 - COD concentration distribution under normal discharge (mg/L).
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FIGURE 7 - COD concentration distribution in the event of accidental discharge (mg/L).

3.3 Discussion

In this study, the k - ε turbulence model is employed
based on a 2D hydrodynamic and water quality model to
simulate water quality changes in the complex water
environment; the results show that the simulation results
can accurately reflect actual conditions. Many studies
have shown that, compared with the non-turbulence model, the forecast result is more precise under turbulence
model, especially for pollutant concentration prediction.
Depth-average k - ε turbulence model is advanced with
regard to depth-average turbulence model based on constant turbulence viscosity coefficient: (1) The k - ε turbulence model can accurately simulate the flow field, and
even increase the computational stability; therefore, the
flow field is more in line with the actual situation in the
process of calculation. (2) Because the turbulence viscosity coefficient is constant, and does not change with time,
thereby reducing the forecast accuracy of the turbulence
model based on constant turbulence viscosity coefficient.
As the Hanjiang River is a straight channel, pollutant
dilution occurs rapidly. The pollution area is confined
within a small range near the sewage outlet under normal
discharge conditions. However, a wide range of contamination occurs near the sewage outlet in case of accidental

discharge, which seriously affects downstream water
quality, and the drinking-water supply from the Hanjiang
River will be severely affected. Some measures must be
taken to mitigate the negative impacts induced by pollutant discharge. The results of this study can constitute a
basis of discussion for decision makers providing environmental solutions for sustainable water management.
4. CONCLUSIONS
Based on a 2D hydrodynamic and water quality model, the influence of water quality on Caidian Reach of
Hanjiang River under normal and accidental discharge
conditions is simulated and analyzed for a proposed sewage outlet. The simulation results show that the pollutant
discharge under accidental discharge will exacerbate the
problems of water pollution and water deficiency in
Caidian Reach of Hanjiang River. The water quality in the
Hanjiang River is vital for the sustainable development of
Hanjiang basin. To intensify the protection of water resources and prevent water quality degradation in the future, the supervision and disposal of accidental discharge
of a sewage outlet should be strengthened. The model can
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help managers make decisions about water improvement
measures.
The authors have declared no conflict of interest.
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ABSTRACT

1. INTRODUCTION

The subject of this study is to research the wood properties of black alder, which is widely spread at East Black Sea
Region of Turkey and being used in forest product industry, under different site conditions. For this purpose,
25 sample areas have been considered among ArtvinArhavi, Trabzon-Akçaabat and Giresun-Espiye regions.
At each sample area, one tree with dominant height has
been cut down. Suitable materials have been obtained from
such trees in order to determine the anatomic, physical and
mechanical properties of wood. Properties of alder wood,
such as width of annual ring, oven-dry wood density,
bending strength, modulus of elasticity, dynamic bending
and compressive strength parallel to grain have been determined. Site indices of sample areas have been determined by using the age-height relation of standard age
trees. Soil samples have been taken at soil profiles opened
at sample areas from depths of 0-10 cm, 10-30 cm, 30-50
cm, 50-80 cm and 80-120 cm. Sand, dust, clay, available
water capacity, soil organic matter and soil reaction (pH)
have been determined in soil samples. Whether the wood
properties differentiate as per different sites has been
revealed by the variance analysis, and how they change as
per significant environmental conditions, such as altitude
and precipitation at the same site, has been revealed by
the correlation analysis. As e result of statistical analysis,
it has been determined that all the wood properties differentiate as per sites, and wood properties at different sites
are related with the site factors. The relation of oven-dry
wood density and width of annual ring, which affects the
usage area, and technological specification of wood, with
environmental factors such as altitude and precipitation, is
very considerable.
KEYWORDS: Black alder, site, oven dry wood density, width of
annual ring, altitude, precipitation

* Corresponding author

Genotypes and ecological conditions of sites determine
the propagation and distribution of trees. These two factors
affect both the growth and development of trees. Genetic
structure is the main source of change of wood’s properties,
and it directly controls the internal processes relevant to
the composition of wood, and indirectly, it controls the
form and growth of the tree. Ecological conditions of site
directly or indirectly affect the availability, development
and fertility, body form and height of tree types, herbal
type variety, stand closure and availability rates of plants.
During their growth, the trees remain under the effect
of different degrees of site factors (physiographical factors, edaphic factors and biological factors) [1-4], and they
resemble different wood properties. The factors that cause
the changes in wood structure are the age and genetic properties of the tree as well as the environmental conditions
[5]. The trees that remain under the effect of many internal
and external factors during the process of growth have a
complex structure. These factors affect the growth rate of
trees, composition, structure and properties of wood [6].
Environmental factors create the physical conditions
required for all the biological processes. Climatic factors,
such as average temperature and amount of annual rainfall, affect the width of annual ring and radial growth of a
tree [7-12]. Compelling environmental conditions at high
altitudes, such as low temperatures, strong winds, snow
amount and short vegetation period, decrease the radial
growth of a tree [13, 14]. As the climatic factors are not
stable along the life time of the tree, they cause changes in
the annual ring structure, and such changes cause differentiations in the density of wood. Wood density is the
most significant factor that affects the resistance specification and areas of use. On the other hand, the change of
general and local ecologic conditions is being effective
for the growth of trees. These effects reveal themselves on
both the morphological and internal structure of trees, and
change the physical, mechanical and anatomic properties
of wood. For instance; at stands where the competition in
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between nutrients and soil humidity is low, the trees grow
more rapidly and their possibility to survive increases [15].
These properties reveal the quality of wood as the result of
a long process as an interaction of environmental conditions and genetic differences [16]. Depending on the growth
rate of the tree, not only the form of the wood is affected but
also its technological and anatomic properties [17, 18].
A change on any of the environmental factors that affect the properties of the tree may cause the loss of wooden
material properties, which make it suitable for a specific
use,. The criterion that indicates the suitability of wooden
material for a specific area of use is defined as the quality
of wood. Specification that is sought for any area of use
may not be preferred at another area of use. In the usage of
wood at a specific area, and in its processing and, therefore,
in its quality factors, such as density, uniformity of annual
rings, chemical composition of wood, heart wood rate,
fiber length, availability of young wood and reaction wood,
stand out and play an important role [5, 19, 20]. Some
interventions at the stand depending on the intended use
may increase the quality of wood.
Wood density which is generally used as the quality
indicator of wood is relevant to other properties, such as
timber strength, shrinkage and even pulp yield [21, 22].
Wood density is mainly affected by the genotype, ageing
of cambium and growth rate [23-26]. Site conditions of
trees (climatic, edaphic, physiographical, biotic) as well as
properties of woods, such as width of annual ring, ratio of
spring and summer wood, age of tree, heart wood - sapwood amount, chemical composition, amount of humidity,
its occurrence on the trunk, composition of young wood
and reaction wood, are primarily effective on the density
of wood [19].
In this study, it has been intended to research the effects of environmental factors at different sites on the
wood density and some mechanical features of black
alder wood. Alder species is being used in the production
of plywood, flakeboard, coating, pencil, furniture, pulp,

MDF and in packaging industry [27]. Total propagation
area of the alder species in Turkey is 148296.0 hectares,
and 144795.0 hectares of it is at East Black Sea region
[28]. With respect to the covered area, it ranks number
four following oak, beech and chestnut tree among leaved
forest trees. Alder is a fast growing species, and becomes
the leading tree at soils which had been subject to landslide
and erosion, and it plays a significant role in the improvement of such areas. Despite its rapid growth and
extensive areas that it covers, alder trees at East Black Sea
region are unable to be operated as meeting the demands
of forest industry. At this region, alder production is being
performed only at Arhavi site. The production possibilities
of this species shall be evaluated at other sites at the East
Black Sea region.

2. MATERIAL AND METHODS
2.1 Description of the study area

This study has been performed on alder forest ecosystems within the borders of Trabzon, Akçaabat, Artvin and
Espiye Forestry Departments at East Black Sea region of
Turkey. These regions are all under the effect of the sea,
and three different site groups are being distinguished at
at Canik-Giresun Mountains Site (Espiye), Trabzon
Mountains Site (Akçaabat), and Rize Kackar Mountains
Site (Arhavi) [29]. The sample areas are at Arhavi,
Akçaabat and Espiye, at altitudes of 600-1150 m, 8001260 m and 1000-1350 m, respectively (Fig. 1).
Basaltic-andesitic volcanites (Arhavi and Akçaabat)
and granitic volcanites (Espiye) from the mesozoic period
are available at the research areas. Some ecological properties and relevant information on research areas have
been provided in Table 1.
Climate analyses have been performed as per the
Thornthwaite [30] method by using the data of Hopa (30 m),
Akçaabat (3 m) and Giresun (38 m) meteorology stations.
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Trabzon

ANKARA

40° N

40° N
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FIGURE 1 - Locations of the study areas.
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for years in the period 1975-2005 [31], and it has been
realized that research areas have "very humid" climate
type [32].
Sample areas and sample trees have been selected
among pure alder stands at different stands that have similar aspects (north aspect) and slope degrees (40-70%) which
are determined as per Kantarci [29]. Considering that the
physical and mechanical properties of wood may change,
even at close altitudes, sample areas have been distributed
to different altitude steps (3 at Arhavi: 600-750, 751-900
and 901-1050 m; 2 at Akçabat: 800-1000 and 1001-1250 m;
2 at Espiye: 1000-1200 and 1201-1400 m).
As representing the aforementioned 3 different sites,
10 sample areas have been taken at Arhavi, 9 at Akcaabat
and 6 at Espiye. Sample areas have been selected with a
size of 400-600 m2 among alder stands of normal closure,
and one of the trees that may represent the dominant
height has been cut down. Soil samples have been taken
from fixed depth levels (0-10 cm, 10-30 cm, 30-50 cm,
50-80 cm. 80-120 cm) by opening one soil profile at each
sample area. The amount of sand, dust and clay in soil samples has been determined by mechanical analysis method of
Bouyoucous [33], soil type has been determined as per
Tommeroup soil texture triangle [34], organic matter of
soil has been calculated over oxidizable organic carbon
[35] as per the Walkley Black wet burning method, pH of
soil has been determined as per glass-electrode method
[33], and the available water capacity of soil [34] has been
determined by the Soil Moisture Equipment Co. device.
Oven-dry wood density of black alder wood has been
determined as per Ors [36] over the wood samples prepared
as per TS 2471 and TS 53 [37, 38]. Among mechanical
properties, bending strength [39], modulus of elasticity
[40], dynamic bending [41, 42] and compressive strength
parallel to grain have been determined [43] for the samples prepared as per TS 2595'e [44].
Wood samples, 10 cm thick, were taken from diameter at breast height of sawn sample trees to determine
anatomical characteristics. Wood samples of Alnus species
were collected from Artvin-Arhavi (600-1200 m altitude),
Akçaabat–Düzköy (1000-1260 m altitude) and Espiye-

Karadoğa (1000-1350 m altitude), respectively. Standard
techniques were used in preparation of wood sections which
were stained with safranin and alcian blue [45]; macerations
were prepared using Schultze`s method [46]. In general,
quantitative features are based on 25 measurements or
counts per character; however, lengths of axial elements are
based on 25 measurements of each cell type. Terminology
used is in accordance with the list of microscopic features
for hardwood identification [47]. The anatomical properties of wood samples from Akcaabat and Espiye sites were
obtained [48].
Site indexes of sample areas have been determined as
per the site index table which has been developed for the
alder species by using age and height values of highheight trees whose number is determined as per 100 trees
on a hectare [49].
Whether different site conditions are effective on ovendry wood density, width of annual ring and some mechanical features of alder wood have been tested by variance
analysis. Correlation analysis has been used in determining the relations between selected environmental factors
(altitude, precipitation, temperature) and wood properties
and the interrelations of wood properties. Unidirectional
variance analysis has been used in the calculation of average values of wood properties and anatomic properties as
per altitude levels. All statistical analyses have been performed using the SPSS 15.0 [50] program pack.
3. RESULTS AND DISCUSSION
In this study, the effects of different site conditions on
the properties of alder wood have been researched. Climatic conditions of research areas (precipitation, temperature etc) are different from one another. Soils of different
properties have emerged at research areas where lithologic
structure is different. As local ecologic conditions and their
interrelations as well as general ecologic conditions will
be effective in the change of the properties of wood, it is
important to know basic soil properties relevant to sample
areas. Soil properties of samples taken from 25 soil profiles

TABLE 1 - Ecological conditions of the three localities selected in East Black Sea Region of Turkey
Ecological conditions
Averaged Altitude (m)
Averaged Annual Temperature (oC)
Annual Total Precipitation (mm)
Precipitation in Vegetation Period (mm)
Vegetation Time (month)
Annual Potential Evapotranspiration (mm)
Latitude
Longitude
Site Index (m)
Bedrock
Soil Type

Akçaabat
1070
9.2
1268.3
475.0
6.0
601.0
40o 45' – 40 o 56'
39o28' – 40 o 06'
20.46 m
Basaltic-Andesitic
Clay Loam
Heavy Clay

1849

Espiye
1135
9.6
1778.9
710.2
5.2
613.3
40 o 38' – 40 o 46'
38 o 39' – 38 o 47'
15.20 m
Granite
Sandy Loam
Loamy Sand

Arhavi
850
10.9
2590
1342.4
5.0
652.4
41 o 18' – 41 o 31'
41 o 15' – 41 o 24'
21.18 m
Basaltic-Andesitic
Clay Loam
Sandy Clay Loam
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opened at the sample areas have been determined, and
their average values have been provided in Table 2 [51].
As shown in Table 2, it is clear that the research areas are
different with respect to site indexes and primary soil
properties.
It is being specified that changes of wood properties
are mostly related with the change of locational components, such as climate factors, and that mechanical resistance and xylem anatomy of trees grown under different environmental conditions are being affected by
such changes [52, 53]. Oven-dry wood density (OWD)
among the physical properties of wood is statistically
different as per different sites. The average OWD in wood
samples obtained from Arhavi, Akçaabat and Espiye
regions have been determined as 509 kg/m3, 523 kg/m3
and 531 kg/m3, respectively. The lowest OWD was obtained from Arhavi region while the highest wood density
value was obtained from Espiye region. In other studies
made on the same species, the average OWD has been
determined to be 490 kg/m 3 [54], 486 kg/m 3 [55] and
394 kg/m 3 [56]. Wood density is the most significant
specification parameter of wood that provides information
regarding the mechanical properties of trees [57]. Factors,
such as the chemical content of wood, ratio of spring and
summer wood, cell wall thickness [58], width of annual
ring, age of the tree, its location on the trunk, site conditions and soil type [19], are effective on the density of
wood. Significant studies have been performed regarding
the site conditions affecting the density of wood [59-63].
In these studies, the change of wood density has been
compared as per sites, average precipitation, temperature
and altitude. Zhang et al. [63] reported that the change of
wood density arises depending on annual average temperature rather than annual precipitation. There are also studies which report that the density of wood decreases by the
increase of average annual precipitation amount, and that

it is statistically significant [62] that the density of wood
is higher at regions where annual precipitation amount is
less [64]. This study has verified the results of the studies
made by [65] and [61], and the density of wood has been
found to be lowest (509 kg/m3) at site (Arhavi) where the
annual average precipitation amount is the highest (2332
mm/year) whereas the oven-dry wood density values at
site Akçaabat (lowest annual average precipitation of
1301 mm/year) and site Espiye (annual average precipitation of 1864 mm/year) were 523 and 531 kg/m3. In variance analysis, a difference of oven.dry wood density has
been determined between the sites. Espiye and Arhavi
were different from each other, and Akçaabat was within the same group of both Espiye and Arhavi (Table 2). It
is being thought that site fertility is a factor in obtaining
lower wood density. At Arhavi region, where the precipitation amount is the highest, the available water capacity
of the soil is the highest (17.3%). At this site, where the
available water capacity of the soil is the highest, the
average site index values (21.21 m) of the trees were
maximal (Table 2). Having the lowest available water
capacity at research areas (8.62%) and lowest site index
value at Espiye region (15.20 m) is striking. Considering
the average values of available water capacity and site
index (SI), it can be said that SI has increased and that the
density of wood decreased by the increase of AWC. In
parallel with the rapid growth of trees and longer vegetation period at sites where SI is high, it shall not be ignored
that the increase of contribution rate of spring wood may
decrease the density of wood.
Besides the studies revealing the positive relations between the density of wood and annual average precipitation
[63], there are also studies where no relation could be obtained between the density of wood and annual average
precipitation [66]. While Patino et al. [67] have observed

TABLE 2 - Results of variance analysis and changes of variation according to site region and some of the soil characteristics and site indexes.

Site index (m)

AWC (%)

Sand (%)

Silt (%)

Clay (%)

OM (%)

pH

Site Region
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye

Mean ± Std. Dev.
21.21 ±3.26 (a)
20.46±3.92 (b)
15.20±1.48 (c)
17.3±5.16 (a)
11.7±7.13 (b)
8.6±3.03 (c)
52 ± 15.0 (a)
44 ± 8.6 (b)
79 ± 6.3 (c)
18±7.00 (a)
21 ± 6.4 (a)
10 ± 3.0 (b)
30±13.0 (b)
35 ± 8.0 (a)
11 ± 4.2 (c)
4.05±3.62 (a)
5.92±5.38 (a)
4.56±3.71 (a)
4.65±0.81 (b)
5.34±0.52 (a)
4.54±0.63 (b)
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F-ratio

Significant Level

186.082

0.001

27.990

0.001

86.991

0.001

29.828

0.001

57.186

0.001

2.487

0.087

17.001

0.001
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SI: Site index, AWC: Avaliable water capacity, OM: Organic matter

a positive relation between wood density and annual average
precipitation at regions having precipitation <3000 mm, they
have revealed a negative relation at areas where the precipitation exceeds 3000 mm. Considering the studies, inconsistent results which are not in a specific direction are in
consideration between wood density and annual average
precipitation. In other words, while there is no relationship between the wood density and precipitation, there are
also positive and negative relations. This conflict can be
explained by the effect of soil properties (available water
capacity, nutrient amount, soil type etc), temperature factor
and other environmental factors as well as precipitation
amounts at sites where the sample areas are available.
It is being specified that the wood density of trees
growing at humid sites are lower than those of trees growing at arid environments [59]. Besides the sites, growth
physiologies of tree species may also directly or indirectly
affect the wood densities. Research areas are humid sites
receiving the sea effect, and vegetation periods change
between 4-6 months. At these regions, the amber species
naturally propagated can better grow at loamy soils where
humidity is high [68]. Sites among the sample areas have
humid (Akçaabat) and very humid (Arhavi, Espiye) climate types. The growth of alder at Arhavi site is better
compared to Akçaabat and Espiye sites. The soil at Arhavi
region is primarily sandy clayed loam, loamy clay and
loam, but that at Akcaabat region is loamy clay and heavy
clay, and the soil at Espiye region is very loamy sand and
sandy loam. Thus, available water capacity of Espiye region has been found to be lower compared with the Arhavi and Akçaabat sites. Alder species better develop at
Arhavi region where the medium texture soils prevail.
Considering the average site index of research areas, it will
be understood that there is a statistical difference, and that
the SI value is higher at Arhavi region where the annual
average temperature, annual average precipitation, precipitation during vegetation period is higher, and vegetation
period is longer. Due to all these reasons, width of annual
ring has been found to be more, spring wood contribution
rate has been found to be more, and average OWD of
woods has been found to be lower at Arhavi region.
The results of variance analysis demonstrate that differences of sites have been effective on the growth rate of
alder wood (in width of annual ring) (P<0.001), and a statistical difference has been found among sites. Widths of
annual ring of Arhavi, Akçaabat and Espiye regions have
been found to be 2.98±0.84 mm, 2.64±0.38 mm, and
2.10±0.48 mm, respectively (Table 3). The average width of
annual ring was highest at Arhavi site (2.98±0.84 mm), and
lowest wood density (509±53 kg/m3) has also been determined at this site. At Espiye region, the width of annual
ring was the lowest (2.10±0.48 mm), but OWD has been
determined as the highest (531±64 kg/m3). It is generally
believed that rapid growth rate reveals low density and
wood properties, and low mechanical strength [69]. But
some exceptions have also been reported [26]. Growth

rate affects the density of wood [26, 70] due to the change
in relative rate of secondary cell wall and due to void volume and relative chemical amount of cell wall [70]. Soil
(edaphic) conditions, among the site factors, also have a
significant effect on the density of wood [71]. There is a
strong relation between the physical and chemical properties of soil and the change of the quality of wood depending on the growth of trees [72]. Low wood density arises
at sites where soils suitable for the growth of a stand are
available [73].
Indeed, low wood density has arisen at Arhavi site
which has better soil conditions for alder species, with
regard to available water capacity and soil type (Table 2).
Negative relations between oven-dry wood density and
site fertility [66] support this study. Alder is capable for
better growth at soils which are humid, deep, having high
water holding capacity but a well drainage. It is unable to
grow at soils with low available water capacity, no matter
how high the precipitation amount of the region is. Espiye
site may be given as a sample of such a region. At this region where the annual average precipitation is 1864 mm/
year, the soil is loamy sand and sandy loam, and its water
holding capacity is low. At this region, where the available
water capacity is also low, the width of annual ring has
remained at the lowest level and the wood density has
been found as the highest.
It has been informed that the wood density changes by
the change of geographical properties [74]. The altitude of
a site, among the physiographical properties, is also very
important on the physical and mechanical properties of
wood [75]. While it is being specified by the studies that
the density of wood decreases along with altitude [59, 61,
67, 76], there are also studies which specify that the density of wood increases by the increase of altitude [77, 78]
and which specify that there is no relation between altitude
and density of wood [60, 65]. In this study, while there is
no relation between altitude and wood density at Arhavi
site, the density of wood has increased along with altitude
at Akçaabat site (p<0.01, r = 0.246), and it has decreased by
the increase of altitude at Espiye site (p<0.01, r =-0.395)
(Table 4). The change of wood density due to the altitude
factor arises from the fact that altitude does not ecologically and negatively or positively affect the site conditions
of trees. Altitude directly or indirectly affects the climate
and soil properties of a site. Change of climate and soil
properties causes a change on the morphological, physiological and anatomic properties of trees. And changes on
these properties are reflected on the mechanical and physical properties of wood at different degrees. For example,
the site index of a site decreases [79], growth rate decreases
in parallel with the increase of altitude, the sizes of the
microscopic properties of wood decrease [80], and the density of wood may significantly change. This change may
emerge in different forms at different sites of the same
tree species.
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There is a positive correlation between the altitude and
oven-dry wood density at Akçaabat region among the re-

search areas (Table 4). At this region, there is a negative

TABLE 3 - Results of variance analysis and changes of some wood in relation to site conditions.
Wood properties
Oven-dry wood
density
(kg/cm3
Bending strength (kgf/cm2)
Modulus of elasticity (kgf/cm2)

Dynamic bending (kpm/cm2)
Compressive strength parallel to
grain (kp/cm2)
Width of annual ring (mm/year)

Site Region
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye
Arhavi
Akçaabat
Espiye

Mean ± Std. Dev.
509 ± 53 c
523 ± 42 ab
531 ± 64 a
603.45 ± 102 b
676.16 ± 110 a
601.01 ± 124 b
4485.9 ± 631.93 b
4606.7 ± 603.41 ab
4698.9 ± 951.50) a
0.2195 (±0.098) b
0.3929 (±0.181) a
0.1765 (±0.049) c
367.73 (±55.60) c
394.56 (±43.91) a
379.15 (±50.92) b
2.98 (± 0.84) a
2.64 (±0.38) b
2.10 (±0.48) c

F-ratio

Significant Level

9.164

0.001

23.414

0.001

5.435

0.010

80.719

0.001

16.726

0.001

92.273

0.000

kgf = kg force

TABLE 4 - Relationships between environmental factors in different growth sites and wood properties.
MAP
ALT
MAT
OWD
BS
MOE
DB
CPG
ALT
0.032
MAT
-0.194**
-0.994**
OWD
-0.337**
0.080
0.069
Arhavi
BS
-0.028
0.018
0.126
0.412**
MOE
0.008
0.108
0.146
0.253**
0.751**
DB
-0.273**
-0.096
0.171*
0.399**
0.314**
0.150*
CPG
-0.119*
-0.138*
0.423**
0.427**
0.337**
0.293**
0.191*
WAR
-0.676**
-0.281**
0.147*
0.333**
-0.099
-0.142
0.116
0.091
ALT
1.000**
MAT
-1.000**
-1.000**
OWD
0.246**
0.246**
-0.246**
Akçaabat
BS
-0.229**
-0.229**
0.229**
0.480**
MOE
-0.197*
-0.197*
0.197*
0.299**
0.792**
DB
-0.480**
-0.480**
0.480**
0.339**
0.433**
0.408**
CPG
-0.253**
-0.253**
0.253**
0.317**
0.528**
0.489**
0.314**
WAR
-0.485**
-0.485**
0.485**
-0.770**
-0.257**
-0.179*
-0.243*
-0.132*
ALT
1.000**
MAT
-1.000**
-1.000**
OWD
-0.395**
-0.395**
0.395**
Espiye
BS
-0.069
-0.069
0.069
0.456**
MOE
-0.299**
-0.299**
0.299**
0.448**
0.758**
DB
-0.136
-0.136
0.136
0.385**
0.427**
0.349**
CPG
-0.247**
-0.247**
0.247**
0.692**
0.519**
0.414**
0.425**
WAR
-0.657**
-0.657**
0.657**
0.121
-0.215*
0.012
-0.106
0.042
** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed)
ALT: Altitude, MAP: Mean Annual Total Precipitation, GPTP: Growing Period Total Precipitation, MAT: Mean Annual Temperature, WAR: Width
of Annual Ring, OWD: Oven-Dry Density, BS: Bending Strength, BOE: Modulus of Elasticity, DB: Dynamic Bending, CPG: Compressive strength
parallel to grain.

correlation between altitude and width of annual ring (p<
0.001, r = -0.485). Many studies [13, 76, 81-86] revealing the negative relations between altitude and width of
annual ring support the results herein. On the other hand,
a relative increase has been observed on both the thickness
of wall (4.62 at 1st altitude step, 4.86 at 2nd altitude step) and
length of fiber (1181.03 at 1st altitude step, 1184.81 at 2nd

altitude step) depending on the increase of altitude. Decrease on the width of annual ring, relative increase on the
fiber length and wall thickness is considered to be effective at Akçaabat region for the increase of oven-dry wood
density depending on altitude. Oven-dry wood density of
woods with higher fiber length and wall thickness has
been observed by other authors [61, 62, 87].
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At Espiye region, where a decrease in growth rate depending on altitude is subject, a negative correlation has
been found between altitude and oven-dry wood density
(p<0.001, r = -0.395). At Espiye region, which has the
lowest site fertility among research areas, growth rate has
remained low and wood density has been found to be high
as expected. When Espiye region is evaluated, the decrease of growth rate along with altitude may indicate that
an increase in wood density can occur. However, a decrease in wood density has occurred by the increase of
altitude (560 kg/m3 at 1st altitude step, 480 kg/m3 at 2nd

altitude step). When the anatomic properties of wood are
examined; a decrease in both fiber length and wall thickness has been observed by the increase of altitude (especially as elevating from the 1st to 2nd altitude step), and it
is thought that the decrease in oven-dry wood density
arises from this (Table 5).
At Arhavi site, where the average oven-dry food density is the lowest, there is a negative relation between
altitude and width of annual ring (p<0.001, r = -0.281). At
this region, no relation could be found between altitude
and wood density (p>0.05). In a study performed at alder,

TABLE 5 - Change of wood properties based on altitude steps in different growing site conditions.
Site

ARHAVİ

AKÇAABAT

ESPİYE

Altitude Zone
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (600-750 m)
2 (751-900 m)
3 (901-1050 m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (800-1000 m)
2 (1001-1250m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)
1 (1000-1200 m)
2 (1201-1400 m)

Wood Properties
SI (m)
OWD
(kg/m3)
BS
(kgf/cm2)
MOE
(kgf/cm2)
DB
(kpm/cm2)
CPG (kgf/cm2)
WAR(mm/year)
SI (m)
OWD (kg/m3
BS (kgf/cm2)
MOE
(kgf/cm2)
DB
(kpm/cm2)
CPG (kgf/cm2)
WAR(mm/year)
SI (m)
OWD (kg/m3)
BS (kgf/cm2)
MOE
(kgf/cm2)
DB
(kpm/cm2))
CPG (kgf/cm2)
WAR(mm/year)

Anatomical
ties

Mean (± Std Dev.)
22.0 ± 2.99
22.4 ± 3.27
19.3 ± 2.63
480 ±30
540 ± 50
490 ± 50
553.7 ± 67.0
641.3 ± 97.8
556.7 ± 101.3
4189.4 ± 461.7
4766.6 ± 587.0
4277.9 ± 637.8
0.214 ± 0.10
0.248 ± 0.09
0.203 ± 0.11
347.2 ± 39.7
404.3 ± 52.9
334.7 ± 42.2
2.80 ± 0.56
3.35 ± 0.90
2.77 ± 0.89
22.5 ± 2.16
18.3 ± 4.25
510 ± 40
530 ± 40
700.5 ± 92.3
656.6 ± 82.3
4689.12 ± 538.9
4540.82 ± 649.8
0.475 ± 0.18
0.336 ± 0.16
397.5 ± 32.6
392.2 ± 51.2
2.85 ± 0.39
2.48 ± 0.28
15.1 ± 1.66
15.4 ± 1.02
550 ± 60
480 ± 50
629.1 ± 131.5
544.5 ± 94.6
4950.8 ± 911.1
4195.1 ± 684.0
0.190 ± 0.05
0.148 ± 0.05
398.8 ± 44.6
341.8 ± 40.4
2.27 ± 0.48
1.75 ± 0.15
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21.23±2.95
503.33±43.3
589.18±88.7
4411.3±562.2

VN (1 mm2)
VRD (µm)
VTD (µm)
VCL (mm)

0.221±0.10

FWT (µm)

362.06±44.9

RH (µm)

2.97±0.78

RN (mm)

20.4±3.20

VN (1 mm2)

520±40

VRD(µm)

601.01±87.3

VTD (µm)

4614.9±594.1 VCL (mm)
0.406±0.17

FWT (µm)

394.56±41.9

RH (µm)

2.66±0.33

RN (mm)

15.2±1.34

VN (1 mm2)

515±55

VRD (µm)

676.16±113.1 VTD (µm)
4572.9±797.5 VCL (mm)
0.1765±0.05

FWT (µm)

370.3±42.5

RH (µm)

2.01±0.31

RN (mm)

Proper-

Mean (± Std Dev.)
90.8 ± 16.2
97.4 ± 19.7
78.7 ± 14.2
59.2 ± 21.2
46.2 ± 19.3
52.8 ± 17.6
52.4 ± 12.0
46.4 ± 11.7
48.3 ± 11.5
886.10 ± 133.1
899.8 ± 157.1
859.2 ± 161.7
4.74 ± 1.20
5.20 ± 1.33
4.88 ± 1.39
230.0 ± 94.8
221.0 ± 115.4
236.8 ± 115.7
11.1 ± 1.72
11.3 ± 1.70
11.8 ± 1.80
90.5 ± 15.4
98.2.4 ± 17.2
58.8 ± 20.3
51.5 ± 16.4
52.1 ± 13.0
50.0 ± 12.2
840.5 ± 115.18
843.6 ± 147.9
4.62 ± 1.08
4.86 ± 1.33
216.0 ± 89.7
199.5 ± 79.6
11.6 ± 1.57
11.7 ± 2.04
100.5 ± 19.0
104.0 ± 13.7
59.0 ± 22.1
54.7 ± 21.9
52.2 ± 13.9
51.3 ± 15.2
801.3 ± 118.0
731.6 ± 107.0
4.78 ± 1.84
4.14 ± 1.08
216.0 ± 88.3
213.6 ± 93.0
12.0± 1.67
11.0 ± 1.54
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SI: Site index, OWD: Owen-dry wood density, BS: Bending strength, MOE: Modulus of Elasticity, DB: Dynamic bending, CPG: Compressive
strength parallel to grain, WAR: Annual ring width, VN: vessel number in mm2, VRD: radial diameter of vessel elements, VTD: tangential diameter
of vessel elements, VCL: Vessel cell length, FWT: Fiber wall thickness, RH: Height of rays, RN: Number of rays.
TABLE 6 - Relationships between some environmental factors and wood properties.
ALT
MAP
GPTP
MAT
GR
OWD
BS
MOE
DB
MAP
-0.456**
GPTP
-0.645**
0.963**
MAT
-0.899**
0.783**
0.889**
WAR
-0.270**
-0.108**
-0.024
0.174**
OWD
0.044
-0.100*
-0.051
-0.061
0.358**
BS
-0.026
-0.316**
-0.234**
-0.112*
0.270**
0.435**
MOE
-0.066
-0.099
-0.040
0.007
0.230**
0.354**
0.699**
DB
-0.070
-0.448**
-0.336**
-0.131*
0.366**
0.315**
0.414**
0.192**
CPG
-0.119**
-0.249**
-0.171**
-0.013
0.356**
0.479**
0.447**
0.311**
0.309**
** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed)
ALT:Altitude, MAP: Mean Annual Total Precipitation, GPTP: Growing Period Total Precipitation, MAT: Mean Annual Temperature, GR: Growth Rate,
OWD: Oven-Dry Density, BS: Bending Strength, BOE: Modulus of Elasticity, DB: Dynamic Bending, CPG: Compressive Strength parallel to grain.

it has been elucidated that altitude has no effect on wood
density [88]. When wood properties, such as width of
annual ring, fiber length and fiber wall thickness being
among the properties which may affect wood density, are
considered, a positive correlation between increase of
altitude and wall thickness has been observed, even if it is
low. In width of annual ring and fiber length, firstly an
increase was observed, and then, a decrease because altitude is in subject. It is being thought that this arises from
the site fertility, and the change in site index supports this
opinion because at Arhavi site the average site index has
been determined as 21.95 m at 1st altitude step, as 22.35 m
at 2nd altitude step, and as 19.32 m at 3rd altitude step. And
the change in average width of annual ring is in parallel
with the change in site index. Average width of annual ring
has been determined to be 2.80 mm, 3.35 mm and 2.77 mm
at 1st, 2nd and 3rd altitude steps, respectively (Table 5). When
Arhavi site is evaluated within itself, it can be expected that
firstly a decrease and then an increase will occur in wood
density depending on site index and average width of
annual ring. It is thought that the change of fiber length
and fiber wall thickness from among anatomic properties
at Arhavi region, which is the site where alder grows the
best, may explain the change in oven-dry wood density. It
has been found that the wood density is also the highest
(549 kg/m3) at 2nd altitude step where the highest fiber
length and fiber wall thickness are measured. In a similar
study, the highest wood density has been found at the 2nd
altitude step, and it has been determined that the trees
which grow at the 1st and 3rd altitude steps have the lowest
values [89]. Again in studies researching the change of
wood properties at three different altitude steps; it has been
explained that the trees which grow at 2nd altitude steps
have better wood properties compared those growing at
lower and higher altitude steps [90].
When the research areas are assessed with respect to
average width of annual ring and wood density relations,
there is no relationship between average width of annual
ring and average oven-dry wood density at Espiye site,
but a negative correlation at Akçaabat site and a positive

one at Arhavi site (p>0.05, p<0.001, r = -0.770, p<0.001,
r = 0.333). There are some previous studies where there is
no relationship between width of annual ring and wood
density [91] but also both negative [92] and positive [90]
correlations.
3.1 Mechanical Properties

In this study, performed at three different sites of East
Black Sea region, some mechanical properties of alder
wood have also been determined. It has been tested by
variance analysis whether different site conditions are
effective on the mechanical properties of alder wood
(Table 2). When Table 2 is evaluated, the effects of site
on bending strength, modulus of elasticity, dynamic bending strength (shock strength) and compressive strength
parallel to grain have been found to be statistically significant (p<0.05, p<0.001).
Average bending strength changed being 589.18,
601.01 and 676.16 kgf/cm2 at Arhavi, Espiye and Akçaabat sites, respectively. The lowest bending strength has
been determined at Arhavi site, and the highest bending strength at Akçaabat site. Average highest shock
strength (0.4055 kpm/cm2) and compressive strength
parallel to grain (394.56 kgf/cm 2) values have been
determined at Akcaabat site (Table 5). The average lowest
shock strength (0.1765 kpm/cm2) has been determined on
wood properties of Espiye region, and the average lowest
compressive strength parallel to grain (367.73 kgf/cm2)
value was found for wood properties of Arhavi region.
Modulus of elasticity values from among the mechanical
properties of wood have been determined in ascending
order as 4484.9, 4606.7 and 4698.9 kgf/cm2 at Arhavi,
Akçaabat and Espiye sites, respectively, in parallel with
the oven-dry wood density.
In the correlation analysis performed for the whole
research area, relations between annual average precipitation and precipitation at vegetation period and mechanical
properties of wood have been revealed (Table 6). As per
these relations, significant and strong negative correlations have been determined between annual average pre-
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cipitation and precipitation during vegetation period and
bending strength (p<0.001, r = -0.352), shock strength
(p<0.001, r = -0.443) and compressive strength parallel to
grain (p<0.001, r = -0.339) among the mechanical properties. There is a negative and weak correlation between
modulus of elasticity (p<0.01, r = -0.148) and oven-dry
wood density (p<0.001, r = -0.149) parameters and annual
average precipitation. The high values of bending strength,
shock strength and compressive strength parallel to grain
at Akçaabat site, where average annual total precipitation
(1268.3 mm/year) and average precipitation during vegetation period (475 mm/year) are the lowest, compared to the
other sites, support the relations revealed for the whole
research area. By the decrease of annual total precipitation
and precipitation during vegetation period, an increase in
mechanical properties (bending strength, shock strength
and compressive strength parallel to grain) has been observed. At sites where annual average precipitation is low,
it has been reported that mechanical properties have higher
values [93]. The ages of sample trees selected from the
research areas change between 25-76, and average ages of
trees are 44, 52 and 57 at Akçaabat, Arhavi and Espiye
sites respectively. At Akçaabat region, where the ages of
trees are the lowest, bending strength, shock strength and
compressive strength parallel to grain have been found to
be the highest. At Espiye region, where the average ages
of trees are the highest, shock strength has the lowest
value (0.1765 kpm/cm2).
In this study, by which the effect of sites on oven-dry
wood density and some mechanical properties of alder
were researched, the relations of wood properties obtained
from different sites have been revealed by making correlation analysis. When these relations are evaluated, significant positive correlation has been determined between
oven-dry wood density (OWD) and mechanical properties
of alder wood at all three sites (Table 5). There are many
studies that verify this study and by which significant positive correlations of different degrees between OWD and
mechanical properties are reported [24, 60, 94, 95].

of the raw material of wood. Wood properties at different
sites have significant relationships with ecologic factors,
such as precipitation, temperature and altitude. Mechanical properties of alder wood have shown significant changes
both at the whole research area and at the three different
sites depending on the density of wood.
The authors have declared no conflict of interest.

4. CONCLUSION
Wood density, width of annual ring and mechanical
properties were investigated to determine the changes of
the areas of use of the trees according to their environmental conditions as well as their genetic structures.
Wood properties of black alder species growing at different site conditions differ as per the sites. Wood density
has remained the lowest at Arhavi site where alder trees
grow optimal and where their width of annual ring are the
highest, and at Espiye site where the site index is the
lowest, wood density has been found to be highest. Significant differences of sample trees` wood properties are
obtained from the three investigated sites, selected despite
being at humid and very humid sites arising from the
difference of local ecologic conditions. These differences
of wood properties will affect the usage manner and area
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ABSTRACT
The simultaneous effect of temperature, salinity and
solar radiation, as well as the history and strain of bacterial cells on Escherichia coli (E. coli) survival in seawater
under experimental and natural conditions were studied.
The experiments were carried out within the natural range of
temperature (12oC, 18oC and 24oC) and salinity (30.0 psu
and 36.5 psu). Natural samples of microbiologically contaminated sea water were taken during September 2011,
when the temperature and salinity of sea water were stable (23–24oC, 36–37 psu). In the absence of solar radiation, the mean T90 values differed, depending on the bacterial strain and were 42.50 h for E. coli ATCC 35218 and
33.55 h for E. coli ATCC 8739. No significant effect of
temperature or salinity on T90 was found, but a strong and
significant negative effect of solar radiation on T90 of both
E. coli strains was recorded. Depending on the bacterial
strain, the dominant effect of solar radiation reduced the
T90 of E. coli by 15- to 70-fold. Within the ultraviolet A
(UVA) and photosynthetically active radiation (PAR) spectrum of solar radiation, the wavelengths of 320–360 were
found to be most bactericidal. If exposed to solar radiation, sea water samples were found to be depleted of culturable E. coli cells even during 24 h storage under appropriate conditions. A higher resistance of wild E. coli
cells to the negative effects of environmental conditions
than cultivated cells was also found.

array of physical, chemical and biological factors of the
marine environment, with a dominant effect of temperature, salinity and solar radiation [1-4].
The distribution and number of indicator bacteria depends mostly on their input, but also on environmental
factors [5] and adaptation capacity. The adaptation capacity of microbial cells to marine conditions is very
minor, which leads to physiological injury that might
be sub-lethal [6, 7] or lethal [8, 9]. If exposed to the
negative effect of some abiotic factors, particularly to
solar radiation, indicator bacteria rapidly enter into a
temporary state in which they lose culturability on standard bacteriological media, but can still maintain some
metabolic activity [10, 11], infective capacity and potential for pathogenicity [12, 13]. If further exposed to an
unfavourable marine environment, bacterial cells are
irreversibly damaged and die. For how long they will
maintain culturability and survive in sea water, depends on
many factors, such as the intensity of environmental factors
and the characteristics of the bacterial cell, where besides
the origin and pre-exposure history, the bacterial strain
plays an important role [4, 14, 15]. Although there are
many studies in which the effects of the aforementioned
parameters have been addressed, their simultaneous effects have been poorly investigated. This study is the first
report of the separate and simultaneous effect of temperature, salinity and solar radiation, as well as the history and
strain of E. coli cells on their survival in sea water.

KEYWORDS: Escherichia coli, bacterial strain, survival, temperature, salinity, solar radiation

2.1 Experiments with pure bacterial cultures

1. INTRODUCTION
When indicator organisms enter the marine environment, they experience a very hostile environment. The
hostile impact of the marine environment to these organisms is reflected in the negative effects of the complex
* Corresponding author

2. MATERIALS AND METHODS

Experiments were performed with two different E. coli
strains that showed completely different morphological
characteristics on standard Tryptone bile X-glucuronide
(TBX) plates: E. coli ATCC 35218 originating from canine
faeces and E. coli ATCC 8739 originating from human
faeces. Bacterial suspensions for experiments were obtained from pure cultures of test microorganisms incubated on mineral-modified glutamate broth (MMGB). Bacterial
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suspensions were taken in the exponential phase of growth,
to reduce the background noise during epifluorescence
microscopy and were kept in phosphate buffer solution at
4oC until the start of the experiments. After determination
of the concentration of E. coli cells, the bacterial suspensions were added to 500 mL ultraviolet B (UVB) blocking borosilicate glass bottles filled with sterile autoclaved seawater to a concentration of about 103 CFU E.
coli/100 mL. Experiments in the dark were carried out in
incubators under six different experimental conditions,
which combined three temperatures (12 oC – mean winter
temperature, 18 oC – mean spring and autumn temperature and 24oC – mean summer temperature) and two salinities (36.5 psu – typical salinity in coastal seawater and
30.0 psu – lower salinity corresponding to areas near the
mouths of rivers or sewage effluents) for each E. coli strain.
Experiments in solar light were performed under the same
environmental conditions, but bacteria were also exposed
to different intensities of the natural range and spectrum of
solar radiation. Experiments in solar light were carried out
either in the laboratory, by exposing the microorganisms to
solar light by placing the bottles in plastic containers with
controlled conditions (Figure 1), and in research vessel, by
hanging the bottles vertically on rope to different depths
(0.2, 5, 15 and 30 m) of the water column, to expose them
to different intensities of solar light. The irradiance, Ed
(µWcm-2nm-1) of ultraviolet A (UVA) and photosynthetically active radiation (PAR) was measured by optical radiometer PRR800 (Biospherical Inc.).
All experiments were performed in three replications.
The number of culturable E. coli was monitored by taking
subsamples every 24 h in experiments performed in the
dark and every 10 or 20 min in experiments performed in
solar light.

2.2 Experiments with wild bacterial cultures

Natural samples of moderately polluted seawater were
collected near sewage outlets and were stored at 4oC. Sampling was performed early in the morning and at noon. The
number of culturable E. coli was determined after sampling
and every 24 h until their reduction to zero. After isolation
and counting on selective agar plates, three randomly selected colonies from each natural sample of seawater were
purified and incubated on MMGB and processed in the
same way as pure cultures of ATCC strains. A bacterial
suspension was added to 500 mL borosilicate bottles filled
with sterile autoclaved seawater with a salinity of 36.5 psu
and kept in dark 24 h at 4oC.
The inactivation rate of bacteria was expressed as T90
(the time required to reduce culturability by 90%) and S90
(the insolation required to reduce culturability by 90%).
The S90 was calculated using the equation:
-2
S90 (Whm )
Where En (Wm-2) = the intensity of solar radiation.
The inactivation rate of bacteria in experiments with
natural sample cultures was also expressed as the percentage of culturable bacteria after a 24 h storage period.
The concentration of E. coli in suspensions was determined by the direct method of epifluorescence microscopy [16]. The number of culturable E. coli cells in suspension and seawater was determined by the membrane
filtration (MF) method according to ISO/TS 16649-1 [17]
and expressed as CFU E. coli/100 mL.

FIGURE 1 - Scheme of the system for performing experiments under solar light conditions. 1,2,3 - Transparent containers filled with distilled water; borosilicate bottles filled with seawater and bacterial cultures; 4 - Water bath; 5 - Optical radiometer.
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3. RESULTS AND DISCUSSION
High and significant (R2 > 0.9, p < 0.01) fittings of
raw die-off data of E. coli to exponential functions were
found, in the dark as well as in the presence of solar radiation. Consequently, T90 was derived from the equation: Nt
= N0 ekt, where N0 and Nt are the number of culturable E.
coli at the beginning of the experiment and at the time of
subsampling (t) and calculated as T90 (h) = -ln(0.1)/k.
3.1 Experiments in the absence of solar radiation

The mean T90 values in this study were 42.5 h for E.
coli ATCC 35218 and 33.55 h for E. coli ATCC 8739
(Figure 2) and were mostly consistent with the results of
previous studies. The T90 values of E. coli reported in
earlier studies were within a relatively wide range, from
26 h, which was found in estuarine water at a temperature
of 20ºC [11], to 115 h, which was found for faecal coliforms in seawater at 8–10ºC [2].
ATCC 35218

3.2 Experiments in the presence of solar radiation
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salinity on changes in T90 values of either E. coli strain.
Unlike the mean values of T90, these results are not consistent with those of previous studies. In general, most
studies showed a negative correlation between the T90 of
indicator bacteria and temperature [1, 2], although Anderson et al. [18] found a positive correlation. The increased
inactivation of indicator microorganisms at higher temperatures was mostly attributed to increased metabolic
activities in terms of reduced nutrient concentration [26],
whereas Anderson et al. [18] attributed a positive correlation in their study mostly to sub-lethal stress that was
induced by laboratory manipulation and related to the preexposure history of the used isolates. Most studies also
showed a negative correlation between survival time of
indicator bacteria, including E. coli, and salinity [1, 4, 8,
9, 19]. A negative effect of salinity is attributed to specific
characteristics of sea water, such as osmotic pressure [20]
and the toxicity of inorganic salts [3]. An unclear correlation between T90 and salinity in this study might be partly
explained by a narrow salinity range.

18

24

Temperature ( o C)

FIGURE 2 - Effect of temperature and salinity on the T90 of E. coli
in absence of solar radiation (mean values ± SD).

The results of two-way ANOVA revealed that there
were no statistically significant (p > 0.05) separate and/or
interactive effects of the variations in temperature and

The intensity of the measured range of solar radiation
in this study was in the range of 258–693 Wm-2, with a
mean contribution of the UVA spectrum of 9.3–11.1%.
We found a strong vertical decline in the intensity of solar
radiation and a significant decrease in the contribution of
the UVA spectrum in the water column (Figures 3 and 4).
Therefore, only few data from surface layer could be used
in our calculations. A strong (R2 > 0.82) and statistically
significant (p < 0.01) negative correlation between the T90
of E. coli and the intensity of the UVA spectrum of solar
radiation was found (Figure 5). The T90 of E. coli ATCC
35218 was in the range of 0.30–0.82 h, whereas the T90 of
E. coli ATCC 8739 ranged from 0.31–5.93 h. A significant, 15- to 70-fold reduction in T90, compared with that
recorded in the absence of solar radiation, indicated the
dominant effect of solar radiation on the survival of E.
coli in seawater. Multiple linear regressions were used to
investigate the combined effect of temperature, salinity and
the intensity of solar radiation on changes in the T90 of E.
coli (Table 1). High and statistically significant (p < 0.01)
coefficients of multiple determination (R 2) were found,
which revealed that most of the variance in T90 can be explained by independent variables. However, only variations in solar radiation had a significant effect on T90. The
dominant negative effect of sunlight exposure was also
confirmed in the study with wild cultures of E. coli. By
comparing the numbers of culturable bacteria after a 24-h
storage period with those obtained following immediate
sampling, a significantly greater reduction in the number
of culturable cells was found when E. coli was sampled at
noon than when sampled in the morning (Figure 6). This
might be attributed to prolonged exposure to solar radiation and its higher intensity.
Šolić and Krstulović [1] found that within the investigated range of intensity of solar radiation (510–830 Wm-2),
the T90 of faecal coliforms exponentially decreased by about
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FIGURE 3 - Attenuation of surface irradiance (% of surface value)
with depth.
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FIGURE 4 - The reduction in the contribution of the UVA component of solar radiation as a function of sea depth.

FIGURE 5 - The T90 of E. coli as a function of the intensity of the
UVA part of the solar radiation spectrum.
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FIGURE 6 - Percentage of culturable E. coli cells sampled at different times of the day and stored for a 24 h period (mean values ± SD).
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TABLE 1 - Simultaneous effect of temperature (T), salinity (S) and solar radiation (UVA and PAR) on the T90 of E. Coli (rp - coefficient of
partial correlation; beta-regression coefficients; a - intercept; b - coefficient of multiple linear regression; R2 - coefficient of multiple determination).
beta

a

b

R2

-0.116
0.380
-0.830*
0.211

-0.208
0.143
-0.955
0.323

1.183

-0.011
0.011
-0.024
0.001

0.8797*

-0.463
0.319
-0.8465*
0.438

-1.043
0.107
-0.816
0.924

7.882

-0.488
0.711
-0.131
0.017

0.911*

40% when the intensity of solar radiation increased by
100 Wm-2. Large differences (30- to 40-fold) in survival
with or without exposure to sunlight were observed by
Fujioka et al. [9], who noted a T90 of faecal coliforms exposed to solar radiation in the range of 0.5–1.5 h. The reduction in survival time in the presence of solar radiation
was also recorded by Chandran and Hatha [11], where the
T90 of E. coli was reduced from 26 h in the dark to 4 h in
the presence of solar radiation.
The negative effects of solar radiation to bacterial cells
operate via two different mechanisms: firstly, direct photobiological mechanisms break DNA bonds in bacterial cells
[21, 22], while secondly, indirect photochemical mechanisms damage bacterial cells by photosensitised reactions
initiated by some of endogenous and/or exogenous sensitisers [23].
According to Davies-Colley et al. [24], T90 is a better
indicator for expressing inactivation in the absence of
solar radiation and also inactivation caused by solar radiation of an equable and higher irradiance, whereas the S90
better expresses the inactivation caused by solar radiation
of variable intensity, as exists in nature. The energy of solar
radiation absorbed by bacterial cells and which is responsible for cell damage, is a product of the intensity of solar
radiation and exposure time.
The mean values of S90 recorded in this study were
250 Whm-2 for E. coli ATCC 35218, and 610 Whm-2 for
E. coli ATCC 8739. We found a medium-strong (R2 =
0.457) and strong (R2 = 0.828) statistically significant (p <
0.01) negative linear correlation between the intensity of
the UVA spectrum of solar radiation and S90 values for
both E. coli strains (Figure 7).
A high and significant correlation between the intensity of the UVA spectrum of solar radiation with T90 and
S90 in this study, suggests that within the studied spectrum
of solar radiation, this part of the measured spectrum was
most responsible for the inactivation of microorganisms.
The linear regression-slope coefficients suggested the
wavelengths 320–360 nm to be the most bactericidal
within the UVA spectrum (Table 2).

Acra et al. [25] found that up to 70% of the solar inactivation of bacteria can be attributed to the effect of the
UVA part of the solar radiation spectrum, whereas Sinton
et al. [2] found that 50% of the inactivation of indicator
microorganisms could be attributed to solar radiation
ATCC 35218
40
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* p<0.01
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FIGURE 7 - The S90 of E. coli as a function of the intensity of the
UVA part of the solar radiation spectrum.
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TABLE 2 - Contribution of different wavelengths of measured solar radiation to T90 of E. coli expressed through slopes of linear regression
(b - coefficient of multiple linear regression; R2 - coefficient of multiple determination; p - level of significance).

320-340

E. coli ATCC 8739
b
R2
p

380-400

400-700 (PAR)

-0.147
0.442

-0.124
0.663

-0.072
0.848

-0.052
0.848

-0.001
0.192

<0.01

<0.01

<0.01

<0.01

>0.05

-1.095
0.741
<0.01

-0.812
0.834
<0.01

-0.488
0.851
<0.01

-0.364
0.864
<0.01

-0.014
0.635
<0.01

wavelengths up to 360 nm, with a wavelength of about
330 nm being most bactericidal.
The values of S90 observed in this study were significantly lower than those in similar studies. Sinton et al. [2]
found a S90 of faecal coliforms of 1,660 Whm-2 (6.0 MJm-2),
whereas Gameson [26] found a significantly lower value
of 1,290 Whm-2. Significant differences could be attributed to the different intensity of solar radiation and to variations in intensity, but also to different groups of microorganisms tested.
Lower T90 and S90 values in this study might partly be
explained by the handling procedure of cell cultures until
exposure to the environment, different origin and strain of
bacterial cells, as well as by the different intensity of solar
radiation and other environmental factors.
The change from a nutrient-rich environment to a nutrient-poor one places E. coli cells under starvation stress,
which is less pronounced in bacteria from the stationaryphase because they have already experienced a starvation
adaptation period. As a response to starvation stress, bacterial cells can induce protective mechanisms against UVA
stress [27]. Furthermore, starved cultures taken in the stationary-phase of growth also showed higher osmotic [28]
and temperature [29] resistance than those taken in a logarithmic-phase. This is due to specific protein synthesis
during stationary-phase starvation [29]. In this study, E.
coli cells were taken during the logarithmic-phase and were
directly transferred to phosphate buffer without the washing of nutrients. Since these cells did not experience starvation during the growth phase or during culture transfer,
this made them less resistant to the negative effects of
seawater and oxidative processes of solar radiation than
cells that had experienced starvation [28, 30, 31]. Consequently, wild bacterial cells that have not experienced
growth in a rich medium and are taken from the stationary
phase of growth should show a higher resistance than cultivated cells, as was confirmed in this study. We found a
statistically significant, three-fold lower T90 for cultivated
wild E. coli cells than for their mother cells that were
isolated from seawater (Figure 8).
We also found a statistically significant difference (p
< 0.01) between the T90 of the two E. coli strains, both in

the absence as well as in the presence of solar radiation
(Figures 2 and 5). In the dark, E. coli ATCC 35218 survived longer than E. coli ATCC 8739 in almost all experimental conditions, but if exposed to solar radiation, E.
coli ATCC 35218 survived significantly shorter than E.
coli ATCC 8739. This suggests that the aforementioned
microorganisms probably do not have equally developed
mechanisms of protection against various abiotic environmental factors and that the protection rate also depends
on which mechanism is more effective under the same
conditions.
200
180
160
140
120

T 90 (h)

E. coli ATCC 35218
b
2
R
p

Wavelength (nm)
360-380

340-360

100
80
60
40
20
0

FIGURE 8 - The differences between T90 of cultivated wild E. coli
cultures (hatched bar) and their mother-cell cultures (white bar)
(mean values ± SD).

Anderson et al. [4] found significant differences in
the survival time of indicator bacteria, E. coli and enterococci, depending on their origin. Among three investigated sources of bacteria; soil, sewage and dog faeces,
bacteria that originated from soil showed the highest
resistance to environmental factors. These results are very
important, especially because apart human faeces, there
are many potential sources of enteric bacteria that enter
the sea, such as untreated piggery effluents [32], and the
faeces of wild birds [33] and other warm-blooded animals.
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4. CONCLUSIONS
This study showed that there was no statistically significant effect of temperature and salinity on the T90 of E.
coli within the investigated range of these two abiotic
factors. In the absence of solar radiation, mean T90 values
varied significantly, but only as a function of bacterial
strain and origin. When exposed to a natural range of solar
radiation, E. coli died-off more rapidly. The T90 was 15- to
70-fold shorter than in the absence of solar radiation.
Within the investigated range of solar radiation (320–
700 nm), only the effect of UVA spectrum was found
to be statistically significant, with the wavelengths of 320–
360 nm being the most bactericidal. The bacterial strain
that had a shorter T90 in the absence of solar radiation
showed a significantly higher T90 and S90 when exposed
to solar light, suggesting different mechanisms of protection against investigated abiotic environmental factors and
a different efficiency of mechanisms under the same conditions. Cultivated bacteria showed a significant, 3-fold
shorter T90 than their mother cells isolated from seawater.
This might suggest the importance of the handling procedure prior to exposure of bacterial cells to the environment,
and the superiority of wild bacterial cultures over cultivated ones, as a result of starvation experience during the
stationary-phase, and/or due to a lack of nutrients.
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ABSTRACT
Porous-TiO2/fly-ash cenosphere photocatalysts were
prepared via sol-gel with a traditionary surfactant hexadecyltrimethylammonium bromide (CTAB) as template.
The as-prepared porous photocatalysts were further modified by poly o-phenylenediamine (PoPD) with photoinduced method. The as-prepared photocatalysts were characterized by XRD, Raman, SEM, UV-VIS DRS, and FTIR analysis. The photocatalytic activity was investigated
via degradation of ciprofloxacin antibiotic waste-water
under visible light irradiation. The results indicate that
porous structure is well formed on the surface of TiO2/flyash cenospheres, and photocatalytic activity is obviously enhanced with modified PoPD. The degradation
rate of ciprofloxacin with PoPD/porous-TiO2/fly-ash cenospheres could reach 71.36 %, being improved by about 36
% compared to TiO2/fly-ash cenospheres as the photocatalyst. It clearly shows that the properties of porous and
PoPD modification could effectively increase the photocatalytic activity.

KEYWORDS: Porous, TiO2, poly o-phenylenediamine, fly-ash
cenospheres, photocatalysis, ciprofloxacin antibiotic

1. INTRODUCTION
Recently, porous materials, possessing many unique
performances and wide applications, represent a new type
of developed materials growing at fastest rate in materials
science. They are mainly applied in the fields of catalysis,
adsorption, separation and electronic materials [1]. Porous
materials are well-known to possess extremely large surface areas, highly ordered porous structures, and welldefined pore sizes and porosity [2-4]. Therefore, it is suitable to be used in catalysis, such as photocatalysis, hydro-

genation catalysis, et al. In particular, porous materials,
used in photocatalysis to eliminate environmental pollutions, are of great interest for many researchers. Zanjanch
et al. [5] prepared composite porous materials with loading the catalyst onto MCM-41, the loaded compoundphotocatalyst had a large surface area and high stability,
and the absorptive performances and photocatalytic activity were effectively improved. Zhao et al. [6] synthesized the micro-/nano-porous TiO2 films with polyvinyl
alcohol. Comparing with the nano-structured TiO2 films,
the photocatalytic activity of hierarchically micro-/nanoporous TiO2 films was increased by ca. 30-40 % and ca.
60-70 % for mineralizing gaseous acetaldehyde and liquid-phase phenol, respectively. Zhao et al. [7] used PEG
as the template and designed porous TiO2 films via hydrothermal method. The photocatalytic activity of asprepared porous TiO2 films on gaseous formaldehyde
with an initial concentration of 145 µmol/L was degraded
within 60 min of irradiation, and the degradation rate was
65 % higher than that of anatase TiO2 films under the
same conditions. All these experiments led to the conclusion that porous material can effectively improve photocatalytic activity. Especially, the porous TiO2 films,
which have many merits, are promising for researchers
[8-12].
In our previous works, we mainly focused on modifying the TiO2 films, and improved the degradation rate of
organic pollutions [13]. Taking into account the large specific surface area, photocatalysts possess more active sites,
and porous material is better for spreading and mass transfer which can improve the contact between the photocatalyst and pollutants. In addition, the porous structure can
enhance the photo-electrons and holes transfer onto the
surface of the photocatalyst, the quantum conversion rate
is effectively improved, and the photocatalytic activity is
enhanced. Therefore, herein, the traditionary surfactant of
hexadecyltrimethylammonium bromide (CTAB) was chosen as a pore-forming agent. The sol-gel method was used
to prepare the porous TiO2 films.

* Corresponding author
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In order to improve the light response of porous TiO2
films under visible light area, the conducting polymer,
which had extended p-conjugated electron systems and
could effectively activate a rapid photo-induced charge
separation and a relatively low charge recombination, was
used to modify the porous TiO2 films [14, 15]. Fly-ash
cenospheres, mainly containing inorganic oxides, such as
SiO2, Al2O3, Fe2O3, and CaO, which are of unique hollow
structure, stable, non-toxic and floating on water, were
chosen as a carrier. Via this method, the modified compound-photocatalyst could effectively improve the usage
of light and solve the problem of hard recycle.
In the present study, the monomer of o-phenylenediamine (oPD) was chosen to modify porous TiO2 films
coating onto fly-ash cenospheres. Ciprofloxacin (CIP) antibiotic, which belonged to fluoroquinolone antimicrobial
drugs and is used worldwide in aquaculture and agricultural applications (shown in Figure 1), was used for the
simulated wastewater, and the photo-degradation process
was investigated under visible light irradiation.

NH
N

N

OH

F
O

O

FIGURE 1 - Structure of ciprofloxacin

The preparation of PoPD/TiO2/fly-ash cenosphere
photocatalysts was as follows: 0.5 g oPD was dissolved in
40 ml acidic water (pH=3) and sonicated for 20 min; then,
1.0 g porous TiO2/fly-ash cenospheres was added to the
solution, which was continuously sonicated for 5 min. The
mixture was silently placed for 24 h, and then induced
under UV light for 30 min. Finally, the suspension was
ﬁltered, the precipitate was washed to neutral by Na2CO3
solution and distilled water, transferred to a vacuum drying chamber, and dried at 65 °C for 12 h. The photocatalysts of porous PoPD-TiO2/fly-ash cenospheres were obtained.
2.3 Characterization

X-ray diffraction (XRD) technique was used to characterize the crystal structure. XRD patterns were obtained
with a D8 ADVANCE X-ray diffractometer (Bruker AXS
company, Germany) equipped with Ni-filtrated Cu Kα
radiation (40 kV, 30 mA). The 2θ scanning angle range
was 10-80° with a step of 0.04°/0.4 s. The Raman spectra
were examined with a Renishaw inVia laser confocal Raman spectrometer (Renishaw, UK). The SEM images were
examined with a S-4800 scanning electron microscope (HITACHI, Japan). Fourier transform infrared (FT-IR) spectra
were recorded on a Nicolet Nexus 470 FT-IR (America
Thermo-electricity Company) with 2 cm-1 resolution in the
range 400-4000 cm-1, using KBr pellets. UV-VIS diffuse
reflectance spectra (UV-VIS DRS) of photocatalyst powder were obtained for the dry-pressed disk samples using
a Specord 2450 spectrometer (Shimazu, Japan) equipped
with the integrated sphere accessory for diffuse reflectance
spectra, using BaSO4 as the reflectance sample.
2.4 Photocatalytic experiments

2. MATERIALS AND METHODS
2.1 Materials

Tetrabutyl titanate (CR), hexadecyltrimethylammonium bromide (AR), sodium carbonate (CR), alcohol (AR),
o-phenylenediamine (CP) and concentrated hydrochloric
acid (37.8 %) were all purchased from Shanghai Chemical
Reagent Co. and used as received. Ciprofloxacin was
purchased by Shanghai Shunbo Biological Engineering
Co., Ltd. Fly-ash cenospheres were friendly supported by
China Power Yaomeng Power Co., Ltd. Deionized and
double-distilled water was used throughout this work.

The photodegradation reaction of ciprofloxacin antibiotic wastewater was carried out at 303 K in a home-made
photocatalytic reactor under visible light. The photochemical
reactor contained 0.1 g catalyst and 50 ml of 10 mg/L aqueous solution of ciprofloxacin antibiotic. After 30 min in the
dark, it reached absorption balance, and its initial absorbency was determined. The photocatalytic reaction was
initiated by irradiation with two 150 W tungsten halogen
lamps which removed wavelength less than 420 nm with
filter. The sampling analysis was conducted in 10 min
intervals. The photocatalytic degradation rate (DC) was
calculated by this formula (1):
DC = [（1-Ai/A0）]×100%

2.2 Preparation of photocatalysts

At first, the mixed solution of 9.0 ml CR and 36 ml
alcohol was stirred for 20 min; then, a solution of 37%
HCl, distilled water and alcohol were slowly dropped into
the mixture. Simultaneously, the solution was strongly
stirred to sol, 2.0 g fly-ash cenopheres and a fitting CTAB
were added into the sol, continuing stirring to gel. After
that, the gel was dried at 353 K for 12 h, and the covered
material was obtained. At last, the material was calcined
at 773 K for 4 h to obtain the photocatalysts of porous
TiO2/fly-ash cenopheres.

(1)

Where, A0 is the initial absorbency of ciprofloxacin
solution which reached adsorption equilibrium, and Ai is
the absorbency of reaction solution.
3. RESULTS AND DISCUSSION
3.1 Characterization of photocatalysts

Figure 2 shows the XRD patterns of TiO2/fly-ash cenospheres (a), porous-TiO2/fly-ash cenospheres (b), and PoPD-

1868

Fresenius Environmental Bulletin

porous-TiO 2/fly-ash cenospheres (c). From Figure 2, it
can be clearly indexed to 2θ = 25.5°(101), 37.4°(004),
48.1°(200)，54.4°(105), 55.3°(211) and 63.2°(204), suggesting that the crystal samples belong to anatase (JCPDS
card No.21-1272) which has higher photocatalytic activity
among the three main types of TiO2 (brookite, anatase and
rutile). Besides, based on the diffraction peaks, some peaks
of SiO2, Fe2O3, Al2O3, etc could be found attributed to the
carriers of fly-ash cenospheres [16]. The XRD pattern of
PoPD/porous-TiO2/fly-ash cenospheres (c) was similar to
those of TiO2/fly-ash cenospheres (a) and porous-TiO2/flyash cenospheres (b), and only the intensity was changed a
little bit. The reason may be attributed to the coated thin
layer of PoPD and/or porous films which could not completely cover the TiO2/fly-ash cenospheres, The PoPD may
be ad-sorptive or bonding onto the surface of TiO2/fly-ash
cenospheres which could not destroy the structure of TiO2.
Therefore, the XRD peaks of TiO2 were mainly shown in
the XRD patterns, and the XRD intensity of samples was
changed due to the fly-ash cenospheres [13]. In addition,
it was identified that TiO2 crystals were not influenced by
PoPD modifying the surface of photocatalysts. The asprepared photocatalyst of PoPD/porous-TiO2/fly-ash cenospheres was also characterized by Raman spectrometry;
peaks of 144, 396, 515 and 638 cm-1 which corresponded
to anatase TiO2, and the vibration of Eg, B1g, A1g or B1g
and Eg could be found, respectively (Figure 3). It indicates,
similar to XRD analysis, that the PoPD modified the porous-TiO2/fly-ash cenospheres with photo-induced method,
and does not change the crystalline structure of TiO2 films.
The photocatalyst of TiO2/fly-ash cenospheres could keep
the phase of anatase which suggested possess a better
photocatalytic activity.

of the photocatalysts (Figure 5 (a, b, c)) still kept their
compact structure when treated below 400 °C (similar to
sample of Figure 5 (f) not containing CTAB). Figure 5 (d
and e) obviously show the hole structure with more active
sites being better for photocatalytic reactions, when the
porous-TiO2 films are prepared via heat treatment above
500 °C. Therefore, the photocatalytic activity of anatase
phase of porous-TiO2 films (500 °C) was chosen in our
experiments [17].

Figure 4 shows the integrated SEM images of TiO2/flyash cenosphere (a), porous-TiO2/fly-ash cenosphere (b), and
PoPD/porous-TiO2/fly-ash cenosphere (c) photocatalysts. It
can be clearly seen that the photocatalysts keep spheric
particles (diameters around 150 µm), which approximated
the size of fly-ash cenospheres, indicating that the covered
layer is very thin. The surface of samples is crude, which
can be attributed to the covered TiO2 films or PoPD.

intensity
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In order to investigate the influence of temperature on
the porous films, the photocatalyst samples were mainly
treated at 200-600 °C in a muffle furnace. Meanwhile, it
was compared to the sample without CTAB addition and
being treated at 500 °C. As shown in Figure 5, the surface
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FIGURE 2 - XRD pattern of different samples.

150000

144

100000

50000

638
196

396

515

0

0

200

400

600

wave number/cm

800

1000

-1

FIGURE 3 - Raman pattern of PoPD/porous-TiO2/fly-ash cenospheres.
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FIGURE 4 – The integrated SEM images of different samples.

FIGURE 5 - The surface structure of as-prepared photocatalysts treated at different temperatures.

FIGURE 6 - The surface structure of as-prepared photocatalysts (addition of different CTAB dosages).

CTAB as template and its dosage play an important
role in the process of prepared porous TiO2 films. Herein,
the influence of CTAB dosage on the surface structure

was also discussed. The results followed Figure 6. Obviously, lower dosage of CTAB resulted in better porous
TiO2 films. The prepared photocatalyst sample containing
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0.02 g CTAB possessed a high porous surface structure,
better for the photocatalytic reactions. Therefore, the
dosage of 0.02 g was chosen in our experiment. Figure 6
(f) shows modified porous TiO2 films, by PoPD with
photo-induced method. It can be clearly seen that the
porous surface structure of the sample is reduced implying that the surface of porous-TiO2/fly-ash cenospheres is
coated by the PoPD.
In order to certify oPD polymerized onto the surface
of porous-TiO2/fly-ash cenospheres, the as-prepared photocatalysts were characterized by FT-IR. The FT-IR absorption spectra of TiO2/fly-ash cenospheres, porous-TiO2/flyash cenospheres and PoPD/porous-TiO2/fly-ash cenospheres are shown in Figure 7.
It can be found that the main characteristic peaks of
PoPD (Figure 7d) all appeared in the spectra: near 3350 cm-1
(-OH stretching mode and always caused by H2O), 3100 cm-1
(C=C-H stretching mode), 1600 cm -1 (C=N stretching
mode), 1500 cm-1 (-NH- bending vibration), 1220 cm-1 (C-N
unsaturated stretching), 1150 cm-1 (C-N stretching mode),
and 750 cm-1 (benzenoid ring substituent). PoPD modifying the porous-TiO2/fly-ash cenospheres (Figure 7c) could
also be found in the spectra demonstrating the absorbance
of PoPD, but the corresponding peaks were small and the
intensity was also weak. The results may be attributed to
the low polymerized dosage of PoPD onto the porousTiO2/fly-ash cenospheres, and indicate that the oPD has
been polymerized onto the porous-TiO2/fly-ash cenospheres via the UV light induced method. In addition, the
characteristic peaks of TiO2 appeared at around 680 and
520 cm-1 [13]. From Figure 7 (b), we can find a wide peak
possibly due to the residual of organic materials.

the visible range, and the PoPD (Figure 8d) obviously has
strong absorbance from 400 to 600 nm. The absorbance of
TiO2/fly-ash cenospheres (Figure 8b) and porous-TiO2/flyash cenospheres (Figure 8c) was lower than that of PoPD/
porous-TiO2/fly-ash cenospheres, which notably increased
and extended to the visible light range. It underlines that
the oPD could effectively polymerize and modify porousTiO2/fly-ash cenospheres under UV light irradiation, suggesting that the PoPD/porous-TiO2/fly-ash cenospheres
have better photocatalytic activity and correspond optimal
with the photocatalytic experiment. It may be owing to
the formation of intermediate energy levels, leading to a
decrease in the energy band gap. Therefore, it can be effectively excited under visible light and generate more electron-hole pairs which could improve photocatalytic activities.
3.2 Photocatalytic activity

In order to investigate the photocatalytic activity of
as-prepared PoPD/porous-TiO2/fly-ash cenosphere photocatalyst, we chose the as-prepared better porous photocatalyst prepared with 0.02 g CTAB as porogen and 0.5 g
oPD as modifier, for the degradation experiments of ciprofloxacin antibiotic carried out under visible light irradiation. The absorption spectra of ciprofloxacin antibiotic are
shown in Figure 9. It can be clearly seen that the content
of ciprofloxacin antibiotic was reduced with increased
adsorption time. The degradation rate of ciprofloxacin
antibiotic could reach 71.36 % under visible light irradiation within 50 min. In addition, it could be clearly found
that the absorptive peaks appear blue-shifted (size 5 nm).
It indicates that the structure of ciprofloxacin antibiotic is
broken under visible light irradiation with the as-prepared
photocatalysts.
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FIGURE 7 - The FT-IR spectra of as-prepared photocatalysts.

FIGURE 8 - The UV-VIS DRS spectra of samples.

The UV-VIS DRS spectra show that the photocatalysts of porous-TiO2/fly-ash cenospheres and PoPD/ porous-TiO2/fly-ash cenospheres display stronger absorbance than TiO2/fly-ash cenospheres during the UV and
visible light area. As shown in Figure 8, it can be clearly
seen that the oPD (Figure 8a) has almost no absorbance in
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with increasing irradiation time. Therefore, the ciprofloxacin antibiotic can result in a co-polymer under light irradiation, but it does not influence the photodegradation
with the photocatalyst.
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FIGURE 9 - The UV-VIS spectra of ciprofloxacin antibiotic with
different photocatalytic time periods.

In order to compare the photocatalytic activity of different as-prepared photocatalysts on the degradation of
ciprofloxacin, the PoPD/porous-TiO2/fly-ash cenospheres,
the porous-TiO2/fly-ash cenospheres, TiO2/fly-ash cenospheres, and non-photocatalyst were studied under the
same conditions. The apparent rate constant has been chosen as the basic kinetic parameter. The apparent first-order
kinetic equation ln(C0/C)= kapp t was used to fit experimental data, where kapp is apparent rate constant, C is the
solution-phase concentration of ciprofloxacin antibiotic
solution, and C0 is the initial concentration at t = 0. The
variations in ln(C0/C) as a function of irradiation time are
given in Figure 10. The obtained apparent rate constants
kapp of degradation ciprofloxacin with PoPD/porous-TiO2/
fly-ash cenospheres, porous-TiO 2/fly-ash cenospheres,
TiO 2/fly-ash cenospheres and non-photocatalyst were
0.0085, 0.0035, 0.0028 and -2.7934×10-4 min-1, respectively. The apparent rate constant kapp value of degradation
ciprofloxacin without photocatalyst was negative. This
could be attributed to the ciprofloxacin antibiotic solution
possibly inducing dimers under visible light irradiation
without photocatalysts which led to an increasing concentration of antibiotic solution. It can be clearly found that
the photocatalyst of PoPD/porous-TiO2/fly-ash cenospheres possesses the highest photocatalytic activity. The
reasons may be attributed to that PoPD generates the
transition of π - π*, and then, transferring the photogenerated electron (e-) into the conduction band of TiO2
under visible light irradiation. Simultaneously, a positively charged hole (h+) might be formed by electron migrating from TiO2 valence band to PoPD. Therefore, the
PoPD increased the transfer of photo-electrons and improved the separation of electron and hole pairs, and the
degradation rate enhances [13, 18]. Furthermore, the
porous structure could provide more surface activation
sites for photocatalytic reaction. Therefore, the porous
TiO2 films show higher photocatalytic activity than the
smooth TiO2 films. It can be obviously found that the
degradation rate of ciprofloxacin antibiotic is reduced
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kc=0.0028 min
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FIGURE 10 - The degradation of ciprofloxacin antibiotic with
different samples.
3.3 Binding mechanism of PoPD and porous TiO2/fly-ash
cenospheres

The binding mechanism of oPD polymerized onto the
surface of porous TiO2/fly-ash cenospheres with electrostatic adsorption may be followed by Figure 11. In this
work, the surface of as-prepared porous TiO2/fly-ash cenospheres possesses a certain amount of hydroxyl (-OH)
groups, which could bind the N (from the PoPD: -NH, =N)
having larger electronegativity and forming the hydrogen
bonds in the polymerized process. It is well-known that
the hydrogen bond is weaker than the ionic bond, belonging to the electrostatic gravitation. Therefore, the bindings
of PoPD and porous TiO2/fly-ash cenospheres mainly depend on electrostatic adsorption.

FIGURE 11 - Binding mechanisms of PoPD and porous TiO2/fly-ash
cenospheres.
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4. CONCLUSIONS

[9]

Porous anatase TiO2 films have been successfully prepared and loaded onto fly-ash cenospheres. Better conditions of prepared porous anatase TiO2 could be achieved
with addition of 0.02 g CTAB and calcinations at 500 °C.
The PoPD has been effectively used to modify the porous
photocatalysts. The results indicate that the surfaces of asprepared photocatalysts exhibit porous structure, and
photocatalytic activity of porous photocatalysts is enhanced
with modification by PoPD. The degradation rate of ciprofloxacin antibiotic is strongly improved and could reach
71.36 % within 50 min under visible light irradiation.
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ABSTRACT
The increase of the human population and the consequent intensification of anthropogenic activities, such as
agriculture and industry, in association with an inefficient
treatment of wastewaters, have contributed to an increase
of toxic cyanobacterial blooms. Cyanobacterial hepatotoxins, such as microcystins (MC) and nodularins, have been
responsible for the poisoning of animals and humans who
ingest or come into contact with toxic blooms. The lakes
in city park of Porto are eutrophic almost since its construction. This work studied the occurrence of toxic cyanobacteria and cyanotoxins in urban lakes by using microscopy, PCR (polymerase chain reaction), real-time PCR
(qPCR), and ELISA (enzyme linked immuno-sorbent assay). The presence of toxic cyanobacteria and their toxins
was detected throughout the sampling period, from July
2008 until February 2009. The highest amount of MC
reached 10.2 µg MC-LR equivalents/L in November. Despite the urban man-made lakes in the city park of Porto are
not used as a source of drinking water and recreation,
contact with cyanobacterial toxins may occur. The concentration of MC found in the different lakes suggests the
need to establish monitoring programs in urban lakes to
avoid risks to humans and environmental health. Different
techniques should be used in order to optimize the approach.

KEYWORDS: Cyanobacteria, eutrophication, microcystins, PCR,
urban lakes.

1. INTRODUCTION
Over the recent years, awareness of the risks that cyanobacteria represent to environmental and human health
has led to a growing concern among health officials and the
* Corresponding author

general public [1-4]. Eutrophication favours the occurrence
of cyanobacterial blooms which can release toxins and
affect plants, animals and humans [5, 6]. Cyanotoxins may
be divided into categories reflecting their major biological
effects. The most important groups are the hepatotoxins,
neurotoxins, cytotoxins and irritant toxins. While all cyanotoxins can produce adverse effects in humans, hepatotoxins (microcystin (MC), cylindrospermopsin and nodularins)
and neurotoxins (anatoxin, saxitoxins) are the most important with regard to public health [7, 8]. In Portugal, the
dominant cyanobacteria species are Microcystis aeruginosa, M. wesenbergii, Anabaena flos-aquae, A. scheremetievi and Aphanizomenon flos-aquae; MC represents
the main cyanobacterial toxins. Among them, MC-LR is
the dominant toxin in blooms and in isolated strains, although MC-RR and MC-YR may also occur [9-11].
Human health effects after oral exposure to cyanobacteria include gastroenteritis, nausea, vomiting, fevers,
flu-like symptoms, sore throat, blistered mouth, ear and
eye irritation, rashes, myalgia, abdominal pain, visual
disturbances, kidney damage, and potentially severe systemic effects, such as hepatic failure, neurological damage, and death [4, 7, 12]. The best characterized human
intoxication episode was the poisoning of renal dialysis
patients in a clinic in Caruaru, Brazil, in 1996. After a 1week exposure, they had hepatic failure, and, in more than
50 cases, death occurred. The water was contaminated
with two types of cyanobacterial toxins, MC and cylindrospermopsin [13, 14].
The development of reliable methods for monitoring
cyanobacteria in environmental samples has been a concern among several researchers [15]. The methods that are
most commonly used for routine monitoring of MC are
analytical techniques, such as high-performance liquid
chromatography (HPLC) and mass spectrometry (MS)
[16]. The fact that these methods are slow and require a
time-consuming sample preparation led to the development of other techniques, such as immunological assays
like enzyme-linked immunosorbent assay (ELISA). This
technique is fast, less expensive, requires minimal sample
processing, and is capable of detecting MC within the

1875

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

levels proposed by World Health Organization (WHO).
More recently, molecular detection methods based on polymerase chain reaction (PCR) have become increasingly
used. MC are synthesized nonribosomally by a peptide
synthetase/ polyketide synthase enzyme complex encoded by
the MC synthetase (mcy) gene cluster, which contains 55 kb
of DNA [17, 18]. Many studies use several gene markers
to quantify the toxic (mcy) genotypes and the total cyanobacteria population numbers [19], such as the genes mcyA
[20, 21] , mcyB [22], mcyD [23] and mcyE [24]. The use
of conventional PCR [24, 25] and quantitative real-time
PCR (qPCR) [23, 26, 27] are simple, rapid and low-cost
methods, additionally being extremely sensitive, specific
and adequate to high-throughput analysis.
The aim of this work was the application of a set of
chemical, biological and molecular techniques, such as
microscopy, PCR, qPCR and ELISA, in order to monitor
the occurrence of toxic cyanobacteria and their toxins in
the urban man-made lakes of Porto city park.
2. MATERIALS AND METHODS

of MC-LR. The kit uses polyclonal antibodies that bind
MC or a MC-enzyme conjugate. Water samples (20 ml)
were frozen and thawed, and then sonicated using a Vibra
Cell sonication apparatus (Sonics & Materials Inc., Danbury, CT, USA) at maximum power (60Hz) for approximately 2 min to facilitate cell lysis. Then, samples were
filtered through Millex 0.45-µm filters. Samples were
diluted when necessary, and control of the data quality
was done in accordance to the kit instructions. The absorbance was measured with a SynergyTM HT Multi-Detection
Microplate Reader (BioTek® Instruments Inc, Vermont,
USA) using BioTek’s Gen5TM Data Analysis Software.
2.3 DNA extraction

DNA was isolated and purified from the frozen filters
using a commercially available kit, PureLink Genomic
DNA Mini Kit (Invitrogen, Carlsbad, CA), following the
manufacturer’s instructions for gram-negative bacteria.
The extracted DNA was suspended in 100 µl of elution
buffer (pH 8.0) (Invitrogen, Carlsbad, CA) and stored at
−20 °C.
2.4 Real time PCR (qPCR) analysis

Sampling was performed in three lakes of Porto city
park (41°10'3.24"N; 8°40'36.05"W), from July 2008 until
February 2009. The lakes are at different altitudes with
the water circulation done by gravity by a series of cascades or by an underground pipeline. The lake water is
used to supply the irrigation system of the park, and a
major part of the park was once used for agriculture. At
each of the sampling dates, 2-L aliquots of surface water
were collected from each lake.
2.1 Phytoplankton identification and counting

The samples were transported to the laboratory in
thermal bags and stored at 4 ºC until further analysis.
Within 24 h, aliquots of the samples were taken: 20 ml for
ELISA analysis, 100 ml for microscopical observation,
100 ml for phytoplankton counting and identification, and
the remainder for molecular analysis. The 100-ml aliquots
for phytoplankton analysis were preserved with a lugol
solution.
Phytoplankton identification was done according to
standard literature [28, 29]. Phytoplankton quantification
was carried out using an inverted microscope based on
[30], with 25-ml Utermohl sedimentation columns. Transepts were counted and the variation coefficient was always under 20%. Phytoplankton density was presented as
number of cells/ml.
2.2 ELISA analysis

For detection of MC by ELISA, the Envirogard® Microcystin Plate Kit (Strategic Diagnostic Inc., Newark,
NJ, USA) was used. This test does not allow the distinction between variants of MC detecting, among others,
MC-LR, MC-RR and MC-YR. The calibration of this kit
is made, with levels of 0.1, 0.2, 0.3, 0.56, 0.8 and 1.6 ppb

Real Time PCR reactions were performed using a
Bio-Rad iCycler IQ5 (Bio-Rad, Hercules, CA) with 5 µl
of DNA from the standard or sample, 0.4 µM of each
primer (0.2 µM for MCYA-CD1F/CD1R and MCYB2959F/3278R primer pairs) and 1X IQ SYBR Green Supermix (Bio-Rad, Hercules, CA), in a final reaction volume of 25 µl. The primers used in this study are listed in
Table 1. The 16S 27F/809R [31, 32] and Micr 184F/431R
[31] were used to amplify fragments of the 16S rRNA
gene, the first, with about 780-bp, common to all cyanobacteria, and the last, of approximately 248-bp, specifically for Microcystis. The mcyA CD1F/mcyA CD1R primer
pair [33] was designed to amplify a 297-bp fragment of
the mcyA gene from MC-synthesizing Microcystis and
Planktothrix strains, and was previously proven to be
suitable to detect MC-producing cells from different genera, including Anabaena, Microcystis and Planktothrix.
The mcyB 2959F/mcyB 3278R primer pair [34] was used
to amplify a 320-bp fragment of the mcyB gene, which is
present in MC-producing strains of Microcystis. The
generation of products was monitored after each extension step by measuring the fluorescence intensity of the
double-stranded DNA-binding SYBR Green I dye. All the
samples were amplified at least in triplicate. Cycle
threshold (Ct) was determined by the fit point method
using Bio-Rad IQ5 software (Bio-Rad, Hercules, CA).
The number of cyanobacterial cells in the samples was
determined from the Ct obtained according to the regression equations of the external standards. To determine the
melting temperatures of the amplification products of the
standards and samples, fluorescent melting curve analysis
was performed after the PCR by gradually increasing the
temperature from 55 to 95 °C, at a rate of 0.5 °C/cycle.
Fluorescence intensity data was collected continuously,
and converted to melting peaks using Bio-Rad software.
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TABLE 1 - Pairs of PCR primers used in the analyses of water samples collected in the lakes of Porto city park for the detection of cyanobacteria, Microcystis and genes involved on MC production.
Size
(bp)

Reference

AGAGTTTGATCCTGGCTCAG
GCTTCGGCACGGCTCGGGTCGATA

780

[31,32]

Micr 184F
Micr 381R

GCCGCRAGGTGAAAMCTAA
AATCCAAARACCTTCCTCCC

220

[31]

mcyA

mcyA-Cd1F
mcyA-Cd1R

AAAATTAAAAGCCGTATCAAA
AAAAGTGTTTTATTAGCGGCTCAT

297

[33]

mcyB

mcyB2959F
mcyB3278R

TGGGAAGATGTTCTTCAGGTATCCAA
AGAGTGGAAACAATATGATAAGCTAC

320

[34]

Target Gene

Primer

Sequence 5' - 3'

Cyanobacteria 16S rRNA

16S 27F
16S 809R

Microcystis specific 16S
rRNA

The presence or absence of the amplified product was
determined by a melting curve analysis and by subjecting
the reaction products to 1.5% (w/v) agarose gel electrophoresis. Ethidium bromide-stained bands were visualized
on a UV transilluminator (Cleaver Scientific, Warwickshire, UK) and digitally recorded using MicroDOC gel
documentation system (Cleaver Scientific, Warwickshire, UK).
2.5 Conventional PCR

All conventional PCR reactions were prepared in a
volume of 20 µL containing 1xPCR buffer, 2.5 mM MgCl2,
250 µM of each deoxynucleotide triphosphate, 10 pmol of
each of the primers, 0.5 U of taq polymerase, and 10-100 ng
of template DNA. The primers used were the same used in
qPCR. The presence or absence of the amplified product
was determined by subjecting the reaction products to
1.5% (w/v) agarose gel in 1 x TAE buffer. The gels were
stained with ethidium bromide and photographed under
UV transillumination.

3. RESULTS
During the analysis period, a total of 7 cyanobacteria
genera comprising 10 species were identified, Anabaenopsis sp., Aphanizomenon sp., Limnothrix sp., Merismopedia
sp., Microcystis sp., M. aeruginosa, M. panniformis, M.
wesenbergii, Planktothrix sp. and Snowella sp., being
Microcystis panniformis the dominant one. In all sampling dates, except in February 2009, cyanobacteria represented a high proportion of total phytoplankton, being
usually more than 95% of total phytoplankton density.
Cyanobacteria density values obtained by microscopic
observation varied between 2.67 x 104 cells/ml (December
2008) and a maximum of 7.38 x 106 cells/m in August
2008 (Fig. 1). Values of MC varied between 0.20 µg MCLR eq/L in lake 3 (February 2009) and 10.2 µg MC-LR
eq/L in lake 2 (November 2008; see Table 2). The MC
concentration exceeded the guideline value (1.0 µg/L) set
by the WHO for drinking water [2] in 10 of the analysed
samples.

FIGURE 1 - Cyanobacteria density obtained from microscopic observation (cells/ml).
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TABLE 2 – PCR and ELISA results from samples collected in the lakes of Porto city park ( (+) positive amplification, (-) no amplification,
0 – below detection limit).
PCR amplification
Lake

Lake1

Lake2

Lake3

Sampling Date
17.07.2008
08.08.2008
29.08.2008
19.09.2008
14.10.2008
03.11.2008
10.12.2008
03.02.2009
17.07.2008
08.08.2008
29.08.2008
19.09.2008
14.10.2008
03.11.2008
10.12.2008
03.02.2009
17.07.2008
08.08.2008
29.08.2008
19.09.2008
14.10.2008
03.11.2008
10.12.2008
03.02.2009

16S RNA

16S RNA Microcystis

mcyA

mcyB

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

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

+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
-

The presence of cyanobacteria was confirmed by conventional PCR using the primer pair 16S 27F/16S 809R.
All samples had the fragment of the 16SRNA gene, common to all cyanobacteria, amplified. A fragment of about
220bp, corresponding to the product of the Micr 184F/Micr
381R primer pair, that is specific for Microcystis, was
also amplified in almost all samples, except for lakes 1
and 2 in February 2009. In order to amplify the genes involved in MC production, the primer pairs mcyA-Cd1F/
mcyA-Cd1R and mcyB2959F/mcyB3278R were used, to
amplify, respectively, the genes mcyA and mcyB. McyA
gene amplification was achieved in 13 samples, and in 6
of them, the gene mcyB was also amplified (Table 2, Fig. 2).
qPCR standard curves were established by conducting serial
dilutions (1.2 - 1.2 x 106, of cyanobacterial 16S rRNA,
Microcystis 16S rRNA, mcyA and mcyB gene cell equivalents/ml of genomic DNA extracted from Microcystis
aeruginosa M6 culture). For the cyanobacterial 16S, Microcystis 16S, mcyA and mcyB, highly significant linear
curves between the amount of starting DNA (in cell equivalent numbers) and the Ct values were obtained. In the dates
with the highest concentration of MC, we used qPCR
(Table 3). The variation of the total number of cyanobacteria and Microcystis spp. (expressed as cyanobacterial
and Microcystis 16S rRNA gene cell equivalents) reached
a minimum of 2.11±(0.16) x 104 and 6.27±(0.41) x 103
gene cell equivalents, respectively, in lake 2 during September 2008, and a maximum of 1.16±(0.04) x 107 and
2.19±(0.10) x 106 gene cell equivalents, respectively, in
lake 2 in December 2008. When regarding the number of
potentially MC producing cyanobacteria (expressed as mcyA

ELISA
MC-LR eq
(µg/L)
0.86
1.34
0.61
8.4
1.46
1.65
0.79
0.22
0.71
0.96
1.23
1.34
9.7
10.2
9.2
0.2
0.25
0.71
0.77
1.27
0.26
0.32
0.22
0

FIGURE 2 - PCR amplification of genes 16S rRNA - (A), 16S rRNA
Microcystis specific – (B) and genes involved in MC production
(mcyA and mcyB) – (C and D, respectively) in samples collected in
the lakes of Porto City Park (M – marker; 1 - Lake1 (14Oct); 2 Lake2 (14Oct); 3 - Lake3 (14Oct); 4 - Lake1 (3Nov); 5 - Lake2
(3Nov); 6 - Lake3 (3Nov); 7 - Lake1 (10Dec); 8 - Lake2 (10Dec); 9 Lake3 (10Dec); 10 - Lake1 (3Feb); 11 - Lake2 (3Feb); 12 - Lake3
(3Feb); 13 - Positive Control; 14 - Negative Control).
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TABLE 3 – Real-time PCR (qPCR) results from samples collected in the lakes of Porto city park (NR: not reproducible – below quantifiable
limit; ± standard deviation).
Real-time PCR (qPCR) results
Lake

Sampling Date

Lake 1

Lake 2

19.09.2008
14.10.2008
03.11.2008
10.12.2008
19.09.2008
14.10.2008
03.11.2008
10.12.2008

Cyan 16S copies

Micr 16S copies

mcyA copies

mcyB copies

1.98±(0.23) x 105
5.18±(0.46) x 105
2.76±(0.15) x 106
6.09±(1.97) x 105
2.11±(0.16) x 104
1.48±(0.20) x 106
2.48±(0.25) x 106
1.16±(0.04) x 107

1.24±(0.07) x 105
1.78±(0.01) x 105
7.45±(0.41) x 105
2.63±(0.36) x 105
6.27±(0.41) x 103
4.31±(0.30) x 105
5.60±(0.17) x 105
2.19±(0.10) x 106

7.69±(1.40) x 102
2.43±(0.69) x 103
4.40±(0.08) x 103
1.56±(0.18) x 103
NR
2.19±(0.14) x 104
5.18±(0.40) x 104
4.55±(0.11) x 104

2.18±(0.23) x 103
3.91±(0.45) x 103
8.36±(0.14) x 103
7.53±(0.25) x 103
3.35±(1.54) x 101
3.16±(0.14) x 104
7.39±(0.36) x 104
2.32±(0.84) x 105

genes cell equivalents), it varied between a minimum of
7.69±(1.40) x 102 gene cell equivalents in lake 1 in September 2008 and a maximum of 5.18±(0.40) x 104 gene
cell equivalents in lake 2 in November 2008. The values
obtained for the number of potentially MC producing
Microcystis (expressed as mcyB gene cell equivalents)
varied between a minimum of 3.35±(1.54) x 101 gene cell
equivalents in lake 2 in September 2008, and a maximum
of 2.32±(0.84) x 105 gene cell equivalents in lake 2 in
December 2008 (Table 3).
The data obtained by qPCR were also used to evaluate the dynamics of the proportion of toxic genotypes in
the Microcystis spp. populations (expressed by the ratio
between the number of mcyB genes in cell equivalents/ml
and the number of Microcystis 16S rRNA genes in cell
equivalents/ml). The percentage of toxic genotypes (cells
of Microcystis to present the mcyB gene) for the analyzed
samples in lake 1 varied from a minimum of 0.30% in
November 2008 to a maximum of 1.24% in December
2008, and for the lake 2, the values were between 0.53%
in September 2008 and 13.18% in November 2008.
4. DISCUSSION
The cyanobacterial species that occurred in the lakes
of the city park of Porto are similar to other ones described in different water-bodies of Portugal [10, 35].
Previous studies done in similar urban-man systems in
Porto showed identical cyanobacteria composition [36,
37]. Across Portugal, some studies reported on the presence of toxins in environmental samples and in isolated
strains. Hepatotoxins were detected in Microcystis [11,
35, 38, 39], and Planktothrix [39-41], and neurotoxins in
Aphanizomenon [39, 42]. The use of microscopy to identify the potential toxic species of cyanobacteria is important as a first tool in the monitoring programs. The
WHO, Australia and several European countries implemented guideline levels for drinking and recreational
exposure to cyanobacteria. WHO proposes three levels of
risk: 1) relatively mild or low probabilities of adverse
health effects in water with 20,000 cyanobacterial cells/ml
(if cyanobacteria are dominant); 2) moderate probability
of adverse health effects in water with 100,000 cells/ml,

Ratio
(mcyB/Micr
16S) copies %
1.10
0.75
0.30
1.24
0.53
7.52
13.10
10.59

and 3) high risk of adverse health effects from contact
with and/or ingestion/aspiration of cyanobacteria at scumforming densities [43]. Our results show that, in 20 of 24
water samples collected, the cyanobacteria density exceeds the larger number of 100,000 cells/ml that corresponds to the Alert Level III, according to WHO (Fig. 1).
For the Oregon lakes, in 2004, an interagency task
force recommended two mechanisms to issue an advisory
for recreational waters. The first mechanism is the identification of visible scums dominated by potentially toxigenic cyanobacteria. A positive observation results in the
immediate posting of the affected water-body. The second
mechanism uses cell density to trigger a warning. The
task force recommended that advisories should be posted
if the cell density of total toxigenic cyanobacteria equals
or exceeds 100,000 cells/ml, unless Microcystis or
Planktothrix species have blooms. A lower guideline of
40,000 cells/ml was recommended for warnings of
blooms that contain Microcystis or Planktothrix [3]. The
application of this approach to our results implies that
throughout the sampling period all the water-bodies
should have permanent warnings to avoid contact of the
users with the water. This contact may occur either by
accident or by direct contact when playing with the water,
or laying in the lawns that are watered from the lakes.
The results obtained with conventional PCR (Table 2)
were not always consistent with the ELISA data. Usually
that happened either in the beginning or in the end of the
sampling season, corresponding to the bloom period. One
factor that may explain this is the fact that MC are produced not only by Microcystis, and the primers used may
not get the genes belonging to other genera. This has been
shown previously [39]. On the other hand, by the end of
the bloom, we may not have enough MC producing cells
but the toxin is very persistent and may last for several
weeks in the environment, being detected by ELISA. The
results obtained with qPCR in order to evaluate the dynamics of the proportion of toxic genotypes within the
Microcystis populations (expressed by the ratio between
the number of mcyB genes in cell equivalents/ml and the
number of Microcystis 16S rRNA genes in cell equivalents/ml.) showed the presence of toxic genotypes
throughout the sampling period. Kurmayer and Kutzen-
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berger [22] reported that the percentage of toxic (mcyB)
genotypes ranged from 1.7 to 71% of the total Microcystis
population during its seasonal cycle in Lake Wannsee
(Berlin, Germany). Okelo et al. [44] showed that in five
lakes in Uganda, Microcystis cells containing mcyB comprised, on average, around 20% of total Microcystis population. In Grangent reservoir, Loire River, central France,
the proportions of toxic mcyB genotypes changed significantly over time and between sites, ranging from 6.0 to
93% of total M. aeruginosa population [20].
The results obtained in this study have shown that a
combination of biological methods and molecular methods may be used to assess cyanobacteria and their toxins
in urban lakes. Molecular methods may be used as early
warning methods allowing the detection of low levels of
cyanobacteria and the potential presence of toxinproducing genotypes. The design of new primers for toxin-producing genes with wider range of target species is a
need. Biological and immunological methods may then be
used whenever cyanobacteria are present in levels that
may pose risks for human health. Direct contact with the
water by accidental fall, aerosols and dermal contact, in
the case of lawns watered with contaminated water, are
the potential routes of exposure in urban lakes. This risk
needs to be assessed and users should be informed timely.
5. CONCLUSIONS
Despite the urban man-made lakes in the city park of
Porto are not used as a source of drinking water and recreation, contact with cyanobacteria toxins could occur.
The use of PCR and qPCR may be applied as early warning methods taking into account that boarder targeting
primers have to be designed in order to avoid false negatives. To better estimate the hazard due to cyanobacteria, a
combination of microscopical, molecular, and immunological or chemical methods is recommended.
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VARYING UPTAKE OF AROMATIC COMPOUNDS
IN AN AQUEOUS SOLUTION BY Mg–Al LAYERED
DOUBLE HYDROXIDES INTERCALATED WITH
SEVERAL ORGANIC SULFONATES
Tomohito Kameda*, Tomomi Uchiyama and Toshiaki Yoshioka
Graduate School of Environmental Studies, Tohoku University, 6-6-07 Aoba, Aramaki, Aoba-ku, Sendai 980-8579, Japan

ABSTRACT
Magnesium-aluminum layered double hydroxide
(Mg–Al LDH) intercalated with 1-naphthol-3-sulfonate
(1-N-3-S-) was prepared by coprecipitation. The 1-naphthol3,8-disulfonate (1-N-3,8-DS2-)-intercalated Mg–Al LDH
could selectively take up nonionic aromatic compounds from
aqueous solution. This was attributed to π-π stacking interactions between the benzene ring of the compounds and
the naphthalene ring of 1-N-3,8-DS2- intercalated within
the interlayer spaces of Mg–Al LDH. However, the 1-N3-S--intercalated Mg–Al LDH could hardly realize the
selective uptake of aromatic compounds since its naphthalene ring is more polarized and does not easily participate
in π–π stacking interactions with the phenyl groups of
target aromatic compounds.

KEYWORDS:
magnesium-aluminum layered double hydroxide; coprecipitation;
intercalation; selective uptake; nonionic aromatic compound

1. INTRODUCTION
Layered double hydroxide (LDH) is represented by the
chemical formula [M2+1–xM3+x(OH)2](An–)x/n·mH2O, where
An– is an anion and x is the M3+/(M2+ + M3+) molar ratio
(0.20 ≤ x ≤ 0.33) [1, 2]. LDH exhibits anion exchange properties [3] and has been shown to intercalate a variety of anions within its interlayer spaces. Recently, LDH modifications with organic anions and their applications to the
uptake of hazardous organic materials from aqueous solution have been investigated [4–9]. Furthermore, Mg–Al
LDH intercalated with naphthalene-2,7-disulfonate (2,7NDS2-) was found to selectively take up aromatic com* Corresponding author

pounds from aqueous solutions [10,11]. The amount of
material adsorbed by 2,7-NDS·Mg–Al LDH depends on
the electron-donating or electron-withdrawing properties of
the functional groups on the target molecules. The absorption mechanism is dependent on π–π stacking interactions
[12] between the aromatic ring of the target molecules and
the naphthalene moiety of 2,7-NDS2–. Mg–Al LDHs intercalated with naphthalene-1,3,6-trisulfonate (NTS3-),
3-aminonaphthalene-2,7-disulfonate (ANDS 2- ), and 1naphthol- 3,8-disulfonate (1-N-3,8-DS2-) were also found
to selectively take up aromatic compounds from aqueous
solutions [13,14]. This selective uptake of aromatic compounds was adequately expressed by the DubininRadushkevich adsorption isotherm and could be considered as a physical adsorption process caused by π–π stacking interactions [14]. In addition, Mg–Al LDH intercalated with 2,7-NDS2- outperforms Mg–Al LDH intercalated
with benzenesulfonate (BS-) or benzenedisulfonate (BDS2-)
in the selective uptake of aromatic compounds [15]; this is
due to the higher number of electrons present in the naphthalene ring of 2,7-NDS2-. The selective uptake of aromatic compounds may also depend on the number of
functional groups attached to the naphthalene ring of the
aromatic anion intercalated in Mg–Al LDH.
Therefore, in this study, we examined the uptake of
1,2-dimethoxybenzene (DMB), benzaldehyde (BA), and
1,3-dinitrobenzene (DNB) from aqueous solution by Mg–
Al LDHs intercalated with dodecylsulfate (DS-), 1-naphthol3-sulfonate (1-N-3-S-), and 1-N-3,8-DS2-. As shown in
Fig. 1(a), DS- has an alkyl chain rather than an aromatic
ring. Fig. 1(b) and (c) show that 1-N-3-S- and 1-N-3,8-DS2each have one hydroxyl group and are composed of a naphthalene ring with one and two sulfonate groups, respectively. We examined the preparation of Mg–Al LDH intercalated with 1-N-3-S- in detail because the preparations of
Mg–Al LDHs intercalated with DS- and 1-N-3,8-DS2have been previously explored [14,16]. We also determined
the effect of the intercalated organic sulfonates on the uptake of organic compounds from aqueous solution by the
modified Mg–Al LDHs.
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FIGURE 1 - Chemical structures of (a) DS-, (b) 1-N-3-S-, and (c)1-N-3,8-DS2-.

Fig.1. Chemical structures of (a) DS-, (b) 1-N-3-S-, and (c)1-N-3,8-DS2-.

2. MATERIALS AND METHODS

and 0.57:1 for DS•Mg−Al LDH, and 3.2:1 and 0.33:1 for
1-N-3,8-DS•Mg−Al LDH.

All compounds were of chemical reagent grade (Kanto
Chemical, Ltd., Wako Pure Chemical Industries, Ltd., and
Tokyo Chemical Industry, Ltd.) and used without further
purification.
2.1 Preparation

Mg-Al LDH intercalated with 1-N-3-S- (1-N-3-S•Mg-Al
LDH) [theoretical formula: Mg0.75Al0.25(OH)2(C10H7O4S)0.25]
was prepared by dropwise addition of a Mg–Al solution
into a 1-N-3-S- solution maintained at pH 10.5. The coprecipitation reaction is expressed by Eq. (1). A stoichiometric coefficient of 0.25 for 1-N-3-S- (C10H7O4S–) was
calculated based on the neutralization of the positive
charge of the Al-bearing, brucite-like octahedral layers
arising from the replacement of Mg with Al at a Mg/Al
molar ratio of 3:1
0.75 Mg2+ + 0.25 Al3+ + 0.25 C10H7O4S– + 2 OH–
→ Mg0.75Al0.25(OH)2(C10H7O4S)0.25
(1)
In particular, the Mg–Al solution was composed of
0.15 M Mg(NO3)2•6H2O and 0.05 M Al(NO3)3•9H2O in
deionized water. The 1-N-3-S- solution was prepared in
deionized water at 1.0−3.0 times the stoichiometric quantities defined in Eq. (1). Subsequently, 500 mL of the
Mg–Al solution was added dropwise to 500 mL of the 1N-3-S- solution at a rate of 10 mL·min–1, and was held at
30 °C with gentle agitation. The pH was maintained at
10.5 by adding 0.5 M NaOH solution. The resulting suspensions were allowed to settle at 30 °C for 1 h. The 1-N3-S•Mg–Al LDH particles were recovered by filtration,
repeatedly washed with deionized water, and then dried
under reduced pressure (133 Pa) at 40 °C for 40 h. N2 was
bubbled through the solutions throughout the procedure to
minimize the effects of dissolved CO2.
DS--intercalated Mg–Al LDH (DS•Mg–Al LDH) and
1-N-3,8-DS2--intercalated Mg–Al LDH (1-N-3,8-DS•Mg–
Al LDH) were also prepared by coprecipitation according
to the preparation method in our previous paper [14,16]
for the aromatic adsorption experiments described below.
The respective Mg/Al and anion/Al molar ratios were 2.8:1

2.2 Uptake of aromatic compound from aqueous solution

0.5 g of each of the three types of Mg–Al LDHs was
added to 20 mL of 0.5 mM DMB, BA, or DNB solution in
a 50-mL Erlenmeyer flask. The flask was shaken at 20 ºC for
2 h. The resulting suspensions were filtered, and the filtrate was analyzed for aromatic compounds.
2.3 Characterization methods

X-ray diffraction (XRD) data for 1-N-3-S•Mg–Al
LDHs were acquired using a diffractometer (RINT 2200;
Rigaku, Tokyo, Japan) (Cu Kα radiation, 40 kV, 20 mA,
2°/min scan rate). The Mg and Al contents of the materials
were determined by their dissolution in 1 M HNO3 followed
by analysis using inductively coupled plasma-atomic emission spectrometry (ICP-AES). The quantities of 1-N-3-Sin the dissolved solution were determined by HPLC. For
each adsorption experiment, the concentrations of the aromatic compounds in the filtrate liquor were determined by
HPLC.
3. RESULTS AND DISCUSSION
3.1 Preparation and XRD characterization

Table 1 details the chemical compositions of 1-N-3S•Mg–Al LDHs prepared from solutions with different
values of R, which represents the ratio of the actual amount
of 1-N-3-S- in solution to the stoichiometric quantity defined by Eq. (1). For all samples, the Mg/Al molar ratio
was approximately 3, which was expected given the preparation procedure outlined in 2.1. The actual 1-N-3-S-/Al
molar ratios were less than theoretically predicted value of
1 (Eq. (1)). When considering the supposition that 1-N-3-Swas intercalated within the interlayer spaces, we assume
that the actual content of 1-N-3-S- in the samples was governed by the electric charge balance in the Mg–Al LDH.
Fig. 2 shows the XRD patterns for CO32−-intercalated
Mg–Al LDH (CO3•Mg–Al LDH) and 1-N-3-S•Mg–Al
LDH prepared from solutions with R values ranging from
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Table 1 Chemical compositions of 1-N-3-S•Mg−Al LDHs prepared from solutions
TABLE 1 - Chemical compositions of 1-N-3-S•Mg-Al LDHs prepared from solutions with *R values of 1.0-3.0.
with
*R values of 1.0−3.0.
wt%

R*

1-N-3-S/Al molar
ratio in solution

Mg

Al

(a)

1.0

1.0

21.8

8.3

(b)

2.0

2.0

20.5

(c)

3.0

3.0

20.2

molar ratio
1-N-3-S

Mg/Al

1-N-3-S/Al

22.8

2.9

0.33

7.6

20.7

3.0

0.33

6.8

19.0

3.3

0.34

*R represents the ratio of the actual amount of 1-N-3-S− in solution to the stoichiometric quantity defined by Eq. (1).

Intensity

(d) are larger than those observed in CO3•Mg–Al LDH.
The data shown in Table 1 suggest that this difference
was most likely caused by the intercalation of 1-N-3-S-,
which is greater in size than CO32–, into the interlayer
spaces of the Mg–Al LDH. The lower than expected 1-N3-S-/Al molar ratios imply that not only does 1-N-3-Sintercalate within the Mg–Al LDH interlayer spaces, but
OH- does as well.

Hydrotalcite

018

009
015

006

d=7.9 Å

110
1013

003

1000 cps

*R represents the ratio of the actual amount of 1-N-3-S− in solution to the stoichiometric
quantity defined by Eq. (1).

(a)

d=8.9 Å

For the aromatic adsorption experiments described in
3.2, 1-N-3-S•Mg–Al LDH was prepared from a solution
with an R value of 1.0, as this yielded the highest content
of 1-N-3-S- in the precipitated materials.

(b)
d=8.9 Å

(c)
d=9.0 Å

DS•Mg−Al LDH

(d)

1-N-3-S•Mg−Al LDH
1-N-3,8-DS•Mg−Al LDH

0

10

20
2

30 40 50
/deg.(CuKα)

60

70

100

FIGURE 2 - XRD patterns for (a) CO •Mg-Al LDH and 1-N-3-

1.0 to 3.0. The XRD peaks observed for CO3•Mg–Al LDH
were ascribed to hydrotalcite (JCPDS card 22-700), a hydroxycarbonate of Mg and Al [Mg6Al2(OH)16CO3•4H2O]
that occurs naturally and has the structure of a LDH. The
XRD peaks corresponding to LDHs are generally indexed
based on a hexagonal unit cell with a basal spacing equivalent to 1/nth of the c parameter, where n is the number of
repeat layers in the unit cell [17]. The basal spacing results from the Al-bearing, brucite-like octahedral layers,
and the interlayer spacing is affected by the size and orientation of the intercalated anion. For CO3•Mg–Al LDH
(Fig. 2(a)), the observed basal spacing, d003, was 7.9 Å
with a LDH host layer of approximately 4.8 Å in thickness [18] and an interlayer spacing of 3.1 Å. The XRD
patterns for the 1-N-3-S•Mg–Al LDHs (Fig. 2(b)–(d)) and
CO3•Mg–Al LDH (Fig. 2(a)) were similar, though the
peaks were broader for the 1-N-3-S•Mg–Al LDHs. This
suggests that the 1-N-3-S•Mg–Al LDHs have the same
basic structure as a Mg–Al LDH. The respective basal and
interlayer spacings of 8.9–9.0 Å and 4.1–4.2 Å in Fig. 2(b)–

Uptake / %

3
Fig.2 S•Mg-Al
XRD patterns
for (a)
AlRLDH
Al 80
LDHs
3•Mgwith
LDHs prepared
fromCO
solutions
values and
of (b) 1-N-3-S•Mg
1.0, (c)
and (d)
3.0.
prepared2.0,from
solutions
with R values of (b) 1.0, (c) 2.0, and (d) 3.0.

60
40
20
0

(a)

(b)

(c)

FIGURE 3 - Uptake of (a) DMB, (b) BA, and (c) DNB from aqueous
Fig.by3various
Uptake
of (a)
DMB, (b) BA, and (c) DNB from
solution
Mg–Al
LDHs.

aqueous solution by various Mg–Al LDHs.

3.2 Uptake of aromatic compound from aqueous solution

Fig. 3 shows the uptake of 1,2-dimethoxybenzene
(DMB), benzaldehyde (BA), and 1,3-dinitrobenzene (DNB)
from aqueous solution by various Mg–Al LDHs. All of
the prepared Mg–Al LDHs could capture some amount of
each target aromatic compound from aqueous solution. In
the case of DS·Mg–Al LDH, the maximum and minimum

1885

© by PSP Volume 23 – No 8. 2014

Fresenius Environmental Bulletin

uptakes were 70.6% for DMB and 36.2% for BA, which
exhibits no notable electronic dependence upon the type
of aromatic compound. This nonselective uptake is likely
due to hydrophobic interaction between the benzene ring
of the aqueous compounds and the alkyl groups of DSintercalated within the interlayer spaces.
In the case of 1-N-3,8-DS•Mg−Al LDH, the uptake
increased in the following order: DMB < BA < DNB. The
maximum and minimum uptakes were 71.2% for DNB
and 11.7% for DMB, which demonstrates a strong dependence of the uptake on the type of aromatic compound. This
selectivity is attributed to π-π stacking interactions between
the benzene ring of the compound and the naphthalene ring
of 1-N-3,8-DS2- intercalated within the interlayer spaces of
Mg–Al LDH. Due to the type of interaction taking place,
the uptake can be considered to depend upon the electronic
state of the aromatic compound, which consequently depends on the functional group.
The electronic states of the benzene rings of DMB, BA,
and DNB are compared as follows. DMB contains electrondonating (-OCH3) groups, and thus, the benzene ring of
DMB has the largest electron density among these aromatics. BA and DNB contain electron-withdrawing (-CHO
and –NO2) groups. Since the nitro group is more electron
withdrawing than the formyl group, DNB has the lowest
electron density among the aromatics. In other words, the
electron density of the benzene ring’s π system decreases
in the following order: DMB > BA > DNB. Incidentally, 1N-3,8-DS2- has electron-rich naphthalene cores [14]. The
uptake of aromatic compounds, which inversely increases
with the compounds’ electron density (DMB < BA <
DNB), is almost certainly caused by the π–π stacking interactions between the electron-rich naphthalene cores of 1-N3,8-DS2- intercalated into the interlayer spaces of Mg–Al
LDH and the benzene rings of the aromatics. Thus, the
strongest interactions, and consequently the highest uptakes, will occur between electron-poor benzene rings of
the aromatics and the electron-rich naphthalene cores of the
intercalated 1-N-3,8-DS2- in 1-N-3,8-DS•Mg–Al LDH.

the 1-N-3-S•Mg–Al LDH to participate in π–π stacking
interactions with the benzene rings of the aromatics.
4. CONCLUSION
1-N-3-S•Mg–Al LDH, in which 1-N-3-S- was intercalated within the interlayer spaces, was prepared by dropwise addition of a Mg–Al solution to a 1-N-3-S- solution
maintained at pH 10.5. DS·Mg–Al LDH, 1-N-3-S•Mg–Al
LDH, and 1-N-3,8-DS•Mg−Al LDH each demonstrated
some capability in the uptake of DMB, BA, and DNB
from aqueous solution. The nonselective uptake for
DS·Mg–Al LDH is likely due to hydrophobic interactions
between the alkyl groups of DS- intercalated within the
interlayer spaces and the benzene ring of the target compound. The selective uptake for 1-N-3,8-DS•Mg−Al LDH
was attributed to π-π stacking interactions between the
benzene ring of the compound and the naphthalene ring of
1-N-3,8-DS2- intercalated within the interlayer spaces of
Mg–Al LDH. The 1-N-3-S•Mg–Al LDH could hardly
realize the selective uptake of aromatic compounds. The
naphthalene ring of the 1-N-3-S- is more polarized than
that of 1-N-3,8-DS2-; therefore, the π–π stacking interactions were diminished between the benzene rings of the
aromatics and the naphthalene ring of the intercalated 1N-3-S- when compared to 1-N-3,8-DS·Mg–Al LDH.

In the case of 1-N-3-S•Mg–Al LDH, however, the
maximum and minimum uptakes were 25.5% for DNB and
11.3% for DMB and exhibited poor dependence on the
type of aromatic compound. Although the 1-N-3-S•Mg–Al
LDH shared in the trend of selectivity, it could hardly realize the more efficient uptake of aromatic compounds by
1-N-3,8-DS•Mg−Al LDH. As shown in Fig.1, 1-N-3,8DS2- has one OH group and two SO3– groups, which are
electron donating and weakly electron withdrawing, respectively. The SO3– groups are attached to the naphthalene ring
of the 1-N-3,8-DS2- at the 3,8 positions. Therefore, the
sulfonate groups of 1-N-3,8-DS2- do not significantly contribute to polarization. On the other hand, the 1-N-3-S- has
one OH group and one SO3– group. The SO3– group is
attached to the naphthalene ring of 1-N-3-S- at the 3 position; therefore, the naphthalene ring of 1-N-3-S- experiences more pronounced electron polarization, leading to the
heterogeneity of electron density. Thus, it was difficult for
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