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FOREWORD 

 
 

Welcome to the latest issue of the Journal of Natural and Technical Sciences (JNTS) for 
2014, which has been previously titled Albanian Journal of Natural and Technical Sciences 
(AJNTS) from 1996 to 2013. 

I am delighted to welcome the new Editorial Board:  
Acad. Prof. Dr Salvatore Bushati (Editor-in- Chief),  
Acad. Prof. Dr Gudar Beqiraj,  
Acad. Prof. Dr Dhimitër Haxhimihali,  
Acad. Prof. Dr Neki Frashëri,  
Acad. Prof. Dr Floran Vila,  
Acad. Prof. Dr Jani Vangjeli,  
Acad. Prof. Dr Arben Merkoçi (Spain),  
Acad. Prof. Dr Arian Durrësi (USA),  
Acad. Prof. Dr Felix Unger (Austria),  
Acad. Prof. Dr Nazim Gruda (Germany),  
Acad. Prof. Dr Besim Elezi,  
Acad. Prof. Dr Bardhyl Golemi,  
Acad. Prof. Dr Latif Susuri (Kosovo),  
Acad. Prof. Dr Petraq Petro,  
Acad. Assoc. Prof. Dr Efigjeni Kongjika,  
Acad. Assoc. Prof. Dr Afërdita Veveçka,  
Acad. Assoc. Prof Dr Ilirian Malollari,  
Prof. Dr Giuseppe Baldassarre (Italy),  
Prof. Dr Domenico Schiavone (Italy),  
Prof. Dr Pranvera Lazo,  
Prof. Dr Arben Myrta (Italy),  
Prof. Dr Doncho Donev (FYROM),  
Prof. Dr Vlado Matevski (FYROM),  
Prof. Dr Fatmir Hoxha,  
Prof. Assoc. Dr Fatos Hoxha,  
Prof. Dr Niko Pano,  
Prof. Assoc. Dr Elton Pasku.  
We are very much looking forward to working with all those who are interested in the area of 

scientific research, building on the outstanding achievements of the forthcoming years. 
Our principal aim is to make JNTS a prominent international journal, specializing in the rapid 

publication of innovative, high-quality research articles in the realm of natural and technical 
sciences. It is our mission now to take the journal forward and to encourage the submission of 
presently under-represented disciplines.  
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As the scope of the journal is broad, we also seek to attract submissions that relate to issues 

of societal interest and development of the country such as quality of life, climate change, 
pollution, environment and conservation of biodiversity, water resources, health, food security, 
etc., in support of global agendas that are seminal to natural and technical sciences comprising 
earth sciences, biology, molecular biotechnology, nanotechnology, chemistry, mathematics, 
physics, engineering, medicine etc. 

We as scientists work beyond frontiers when it comes to issues of common interest. 
Consequently, we have already started by changing the title of the journal (from 1996 to 2013), 
a decision approved by all the Members of the Editorial Board. From now on the title of the 
journal will be The Journal of Natural and Technical Sciences. 

To old and new readers alike, thank you for your support.  
We welcome your papers and we aim to accommodate any wish you might have to help us 

further the interests of the journal and make it the premier journal concerned with all aspects of 
natural and technical sciences that illustrate the unifying concepts of science with evidence, 
either observational or theoretical, from any relevant field. We ask you to be part of the 
activities of the Editorial Board and work together to increase the quality of journal. 
Consequently, we invite you to write review articles on topics concerned with all aspects of 
natural and technical sciences. The journal particularly welcomes contributions that illustrate 
the unifying concepts of science with evidence, either observational or theoretical, from any 
relevant field.  

It is an exciting beginning for the journal, and there is every indication that the forthcoming 
period will be even better. I look forward to more interesting papers for publication, and for your 
continuing support.  

 
Academician Prof. Dr Salvatore Bushati 

Editor-in- Chief 
Academy of Sciences of Albania,  

Head of the Section of Natural and Technical Sciences   
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ABSTRACT 
 

In this paper, firstly we show certain relations that hold between the equivalence 
classes of the relations L  and R  in a ring A and the respective equivalence classes of 
the Green’s relations ( )L i  and ( )R i defined on the multiplicative semigroup of the 
ring A. Further, using these relations we study a case when a minimal left [right] ideal 
remains the same in the multiplicative semigroup of the ring A. Lastly, we study the 
behavior of a ring which does not have the identity element and does not have zero 
divisors, also rings, which are  and  simple.  
Keywords: Ring, division ring, semigroup, left ideal, right ideal, Green’s relations 

 
1. INTRODUCTION 

 
By a ring we mean an associative ring, which does not necessary has an 

identity element. The Green’s relations L  and R  in the rings are introduced 
by Petro (1981) and further are studied by Steinfeld (1988) and Petro (2002). 
These relations mimic the relations L  and R  in semigroups which are 
introduced and studied by James Aleksander Green (Green, 1951) from whom 
they got the name. This is the reason that the relations  and  in rings are called 
Green’s relations in the rings. We will denote by L  and R  the Green’s 
relations in a ring ( , , )A + i , meanwhile the Green’s relations in the 
multiplicative semigroup ( , )A i  of this ring will be denoted by ( )L i  and 

( )R i  to be distinguished from those of the ring ( , , )A + i . These two kinds of 
relations are determined by the equalities of the principal left ideals and the 
principal right ideals of the ring ( , , )A + i  and it’s multiplicative semigroup 
( , )A i . Firstly, in this paper we show the relation that exists between the 
equivalence classes under the Green’s relations L  and R  of a ring and 
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respective equivalence classes under the relations ( )L i  and ( )R i  of the 
multiplicative semigroup of this ring. Further, by using these relations we 
show a sufficient condition for a minimal left [right] ideal of a ring to remain 
minimal in the multiplicative semigroup of this ring. Lastly, we study Green’s 
relations in rings, which do not have an identity element and divisors of zero 
and L -simple rings and R -simple rings by preliminarily specifying them as 
rings which have only two equivalence classes. At the end of the paper an 
open problem is raised. 

 
2. Preliminaries 
 
We give some notions and present some auxiliary results that will be used 

throughout the paper. 
Let ( , , )A + i  be a ring and B, C two subsets of A. We note: 
 
  { }: ,B C b c A b B c C+ = + ∈ ∈ ∈  

  
1

: ,
n

i i i i
i

BC b c A b B c C
=

⎧ ⎫
= ∈ ∈ ∈⎨ ⎬
⎩ ⎭
∑  

   
For simplicity we will write bC instead of {b}C and Bc instead of B{c}. 
The Green’s relations L  and R  in a ring A (Petro, 2002) are defined as 

follows: 
  2( , ) , ( ) ( )l la b A aLb a b∀ ∈ ⇔ = ,  

  2( , ) , ( ) ( )r ra b A aRb a b∀ ∈ ⇔ = , 
 
where ( )la , ( )lb , ( )ra , ( )rb  are the principal left ideals and principal right 

ideals generated by the elements a, b of A, respectively. The equivalence class 
mod L  and the equivalence class mod R  containing the element a of A are 
denoted by aL  and aR  respectively. 

It is easily seen that for every element a of a ring A, the set Aa is a left ideal 
of A, aA is a right ideal of A and the following equalities are true: 

  (2.1)  ( )la Za Aa= + , 
 

  (2.2)     ( )ra Za aA= + . 
If in the above definitions of Green’s relations L and R in the ring A, we 

replace the ring A with an arbitrary semigroup S and the principal left [right] 
ideals ( )la , ( )lb , [ ( )ra , ( )rb ] we regard as principal left [right] ideals 
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generated by the elements a, b of semigroup S, then we have Green’s relations 
in the semigroup S, which we will denote by the same symbol as Green’s 
relations in the ring A. In this paper, to distinguish between the Green’s 
relations L and R  in the ring ( , , )A + i  from the Green’s relations in the 
multiplicative semigroup ( , )A i  of this ring, these latter ones will be denoted 
by ( )L i  and ( )R i . Also, the equivalence classes of the element a of the 
multiplicative semigroup ( , )A i  of the ring ( , , )A + i  under the Green’s 
relations ( )L i  and ( )R i  will be denoted by ( )aL i  and ( )aR i . 

 
Proposition 2.1. (Howie, 1995). Let S be a cancellative semigroup (that is a 

semigroup in which, for all a, b, c, ca cb a b= ⇒ =  and ac bc a b= ⇒ = ) 
and suppose that S has not an identity. Then 1AL R= = . 

 
Proposition 2.2. (Steinfeld, 1978). A ring A has no proper left [right] ideals 

if and only if it is either a division ring or a zero ring of some prime order. 
 
3. Main results 
 
Let ( , , )A + i  be an arbitrary ring. We have the Green’s relations L and R in 

the ring ( , , )A + i  and the Green’s relations ( )L i  and ( )R i  in the 
multiplicative semigroup ( , )A i  of this ring. If the ring has an identity 
element, then from the equalities (2.1), (2.2) follows immediately that L = 

( )L i  and R = ( )R i . Generally, from the equalities (2.1), (2.2) it is obvious 
that ( )L L⊆i  and ( )R R⊆i . 

 
The following example shows that these inclusions may be strict ones. 
 
Example 3.1. Let { }0, , ,S e a b=  be the semigroup given by the following 

Cayly table (Clifford, 1978) 
 

 e a b 0 
e e a 0 0 
a 0 0 0 0 
b b 0 0 0 
0 0 0 0 0 
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Consider the semigroup ring of semigroup S, over the ring of integers Z. In 

this ring we have: 
  , ( ), , ( )a a a aa L a L b R b R− ∈ − ∉ − ∈ − ∉i i . 
 
This example also shows that generally the Green’s relations L and R in a 

ring are different from Green’s relations ( )L i  and ( )R i  in the multiplicative 
semigroup of this ring. So, the Green’s relations in a ring that we study in this 
paper are different from Green’s relations in a ring defined as Green’s 
relations in its respective semigroup (Nai-feng, 2002). 

 
Theorem 3.2. Let ( , , )A + i  be a ring and a an element of A. Then L-class 

[R-class] La [Ra] is either a union of ( )L i -classes [ ( )R i -classes] of the 
multiplicative semigroup ( , )A i  of the ring ( , , )A + i , which must have a single 
element, or La = ( )aL i  [Ra= ( )aR i ]. 

 
Proof. There are two possible cases: 
Case 1. Every ( )xL i  class, which is inclused in aL  has only one element. 

Then we have: 
( )

a
a x

x L
L L

∈
= ∪ i . 

 
Case 2. There is one class ( )bL i , ab L∈ , which has at least two elements. 

Let b and c be two different elements of A, which belong to ( )bL i . Then exist 
the elements u, v of A such as b=uc and c=vb. For every element ab L∈ , 
there exist integers 1 2,k k  and the elements 1 2,u u  of A such that: 

  1 1d k c u c= +  and 2 2c k d u d= + . 
 
By making suitable replacements, we have: 
 
  1 1 1 1 1 1( )d k c u c k vb u vb k v u v b= + = + = + , 
  2 2 2 2( ) ( )b uc u k d u d k u uu d= = + = + ,   
 
which means that ( )dL bi . So, ( ) ( )b ad L L∈ ⊆i i , and consequently 

( )a aL L⊆ i . Now, it’s evident that ( )a aL L= i . The proof for the class aR  
runs similarly. ■ 
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Definition 3.3. Two elements a,b of the ring A are called right [left] divisors 

to each other if there are elements c,d of A such that a=cb[a=bc] and 
b=da[b=ad]. 

The elements a and b of the ring A are called divisors to each other when 
they are left divisors and right divisors to each other. 

 
Corollary 3.4. Let a be a non-zero element of the ring ( , , )A + i . If the 

principal left [right] ideal ( ) [( ) ]l ra a  of the ring ( , , )A + i  is minimal and there 
is an element b a≠  such that a and b are right [left] divisors to each other, 
then ( ) [( ) ]l ra a  is a minimal principal left [right] ideal of the multiplicative 
semigroup ( , )A i  of this ring. 

 
Proof. It is easily seen that the elements b a≠  belong to the ( )L i -class of 

the multiplicative semigroup ( , )A i  of the ring ( , , )A + i . From Theorem 3.2, 
we have these equalities: 

0 ( ) ( ) 0a l aL a L= =∪ i ∪ . 
 
In the other hand, if we denote ( )s

la  the principal left ideal of the 
multiplicative semigroup ( , )A i  of the ring ( , , )A + i , which is generated by 
the elements a A∈ , we have: 

( ) 0 ( ) ( ) ( ) 0s
a l l aL a a L= ⊆ =i ∪ i ∪ . 

 
Hence, ( ) ( ) ( ) 0s

l l aa a L= = i ∪ . Now, it is evident that ( )la  is a minimal 
left ideal of the multiplicative semigroup ( , )A i  of the ring ( , , )A + i . ■ 

 
If an L-class has only one element a, then it is clear that ( )a aL L− i . The 

following proposition shows a case when the only L-classes and R-classes of 
the ring ( , , )A + i  that coincide with the respective ( )L i -classes and ( )R i -
classes of the multiplicative semigroup ( , )A i  of this ring are those that have 
only one element. 

 
Proposition 3.5. Let ( , , )A + i  be a ring without multiplicative identity and 

without zero divisors with at least two elements. Then the only L-classes [R-
classes] in the ring ( , , )A + i  that coincide with the respective ( )L i -classes 
[ ( )R i -classes] in the multiplicative semigroup ( , )A i  of this ring are those, 
which have only one element. 
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Proof. Since the ring ( , , )A + i  does not have divisors of zero, then the set 

\ 0A A∗ =  is closed under the multiplication on the ring A and form a 
semigroup with respect to the multiplication induced in it. It is clear that the 
semigroup ( , )A∗ i  does not have an identity and it is a cancellable semigroup. 
We see that for every element 0a ≠  of A, the class ( )aL i  of the element a of 
the semigroup ( , )A i  coincide with the respective class of the semigroup 
( , )A∗ i , which has only one element, exactly the element a, by Proposition 
2.1. From Theorem 3.2, we have ( )a aL L= i  if and only if aL  has one 
element. The proof for the relation R runs similarly. ■ 

 
From this proposition we obtain immediately the following corollary: 
 
Corollary 3.6. Let ( , , )A + i  be a ring without zero divisors and without a 

multiplicative identity. The Green’s relations L and R coincide with the 
Green’s relations ( )L i  and ( )R i  in multiplicative semigroup ( , )A i  of the 
ring ( , , )A + i  if and only if 1AL R= = , where 1A  is the identity relation in A. 

Above we saw an extreme case when Green’s relations L and R in a ring are 
the finest possible, which means that the equivalence class modL and the 
equivalence class modR has only one element. 

Now, we will examine another extreme case, precisely the case when the 
Green’s relations in a ring are the thickest possible, i.e. when every two non-
zero elements of a ring are equivalent under this relations. In this case it is 
clear that for every \ 0a A∈ , we have \ 0a aL R A= = . 

We will call a ring A with at least two elements, L-simple [R-simple] ring if 
the only equivalence classes under these relations are 0 and \ 0A . 

 
Utilizing Proposition 2.2, we get the following: 
 
Proposition 3.7. For every ring A, with at least two elements the following 

conditions are equivalent: 
 
1) The ring A is a division ring. 
2) The ring A is not a zero-ring (with zero multiplication) and it is -simple. 
3) The ring A is not a zero-ring and it is R-simple. 
 
Proof. We will prove the equivalence of the proposition 1) and 2). The 

proof of equivalence 1) 3)⇔  runs similarly. 
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Suppose that the ring A is a division ring. Then A is not a zero-ring and for 

every non zero element a A∈  we have: 
 

( )lA Aa a A= ⊆ ⊆ . 
 
So, 

( , ) \ 0, ( ) ( )l la b A A a A b∗∀ ∈ = = = , 
 
and consequently the ring A is L-simple. 
 
Conversely, suppose that the ring A is not a zero-ring and it is L-simple. Let 

a be an element different from zero of the ring A, which exist because the ring  
is not with zero multiplication. Since \ 0aL A= , we have: 

 
0 ( )a lA L a A= ⊆ ⊆∪ . 

 
So, the ring A does not have proper left ideals and by Proposition 2.2 the 

ring  is a division ring. ■ 
 
From the above proposition and the Proposition 2.2 we get immediately 

this: 
 
Corollary 3.8. For every infinite ring A, the following propositions are 

equivalents: 
 
1) The ring A is a division ring. 
2) The ring A is L-simple. 
3) The ring A is R-simple. 
 
From Proposition 3.7 it follows immediately that if a ring ( , , )A + i  is L-

simple [R-simple], then the relations L[R] in the ring ( , , )A + i  coincide with 
Green’s relations ( )L i  [ ( )R i ] in the multiplicative semigroup  of this ring. 

Conversely, if the multiplicative semigroup  of the ring ( , )A i  is ( )L i -
simple [ ( )R i -simple], then the only equivalence ( )L i  [ ( )R i ]-classes are 0 
and \ 0A , so it is evident that the ring ( , , )A + i  is L [R]-simple. 

 
So in the second extreme case, when the Green’s relations in a ring ( , , )A + i  

are trivial, then they coincide with the respective Green’s relations in the 
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multiplicative semigroup ( , )A i  of this ring and vice-versa. While in the first 
extreme case, we saw that this coincidence does not hold (we saw a special 
case when we have this coincidence). 

So, it is natural to raise the following problem. 
Problem. Find necessary conditions, sufficient conditions, necessary and 

sufficient conditions, so that if in the ring ( , , )A + i  the Green’s relation  ( )L i  
[ ( )R i ] in the multiplicative semigroup ( , )A i  of this ring is the identy relation 
1A , then the relation L [R] is equal to 1A . 
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ABSTRACT 
 

The cobweb model or cobweb theory is an economic model that explains 
why prices might be subject to periodic fluctuations in certain types of markets. It 
describes cyclical supply and demand in a market where the amount produced must 
be chosen before prices are observed. The case when the supply and the demand are 
nonlinear functions is here reported. In addition, the stability of the system is analyzed 
via numerical simulations. 
Keywords: cobweb, nonlinear, demand, supply, stability, market 

 
1. INTRODUCTION 

 
The cobweb models describe the dynamics of the price in a market. 

Chiarella (1998), Hommes (1994) and Matsuomo (1999) reported on cobweb 
chaos. Finkenstadt (1995) applied the model when the supply is a linear 
function and the demand a nonlinear function. Hommes (1994), Jensen and 
Urban (1999), Ma and Mu (2007) and Pou (2000) used the linear function of 
the demand and nonlinear function of the supply. All the aforementioned 
papers report that the nonlinear cobweb model explains different fluctuations 
observed even in real economic data. The case when the supply and the 
demand are nonlinear functions is here reported.  

 
2. A case of a nonlinear models  
Suppose that the estate developers in the market belong to a benefit group 

that have a common benefit target. Usually the price p characterizes the 
nonlinear demand function p a b Q= − , where a, b are positive constants, a 
is the maximum price in market and Q is the total amount in the market. The 
relations of these quantities are formalized as follows: 
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2
1 0 1 1 2 1( ) ( ) ( )K t b b p t b p t= − + , 2

2 0 1 2 2 2( ) ( ) ( )K t c c p t c p t= − +  (2.1) 
 
where 0 1 2 0 1 2, , , , ,b b b c c c  are positive constants, 1( )p t  is the land price in 

time period t, 2 ( )p t  is the housing price in time period t, 1( )K t  is the land 
demand in time period t and 2 ( )K t  is the housing demand in time period t. 
Due to the law of demand that the slope of demand curve is negative, the 
prices 1( )p t  and 2 ( )p t  must fulfil the inequalities: 2 1 12 ( ) 0b p t b− <  and 

2 2 12 ( ) 0c p t c− < ; 2
2 0 14 0b b b− > , 2

2 0 14 0c c c− > , so the signs of demand 
equations in formulae (2.1) are positive. Here, the land price and housing 
price are proportional, even though the housing market does not directly have 
any impact on land market. The land price is of great impact for the housing, 
which decreases as the land price increases. The real estate companies adjust 
the housing supply according to relative policies and the situation of housing 
price and land price. The supply formula is given as follows:   

 
2

1 0 1 1 2 1( ) ( ) ( )S t e e p t e p t= + + , 2
2 0 1 2 2 2 3 1( ) ( ) ( ) ( )S t d d p t d p t d p t= + + −     (2.2) 

 
where  are positive constants,  is the land 

supply in time period , and  is the housing supply in the time period . 
As  and , we must confirm that the slope 
of the supply curve is positive. In addition, we must confirm that it is in 
accordance with the supply law. Providers begin to supply the products only 
when  

 

.    (2.3) 

 
Let define, 

 
  ( ) ( ) ( )Z p K p S p= − .      (2.4) 
 

 is the demand function increasing with price, which denotes the 
difference between the demand and supply. When the price is low, we say that 
excess demand exist and when the price is high, excess supply exists, so   
satisfies the equation   and  is called equilibrium point. 
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Substituting (2.1) and (2.2) in (2.4), we obtain: 

 
,  
.  (2.5) 

 
Since  follows the law of demand, the following conditions hold: 

 

 
 

      (2.6) 
. 

 
 is the adjustment parameter of the land price, which denotes the 

adjustment degree of benchmark land price controlled by government through 
the land supply plan.  is the adjustment parameter of housing price, the 
dynamic model of land price and housing price can be established as follows: 

  
 

    (2.7) 
 
where  and  are positive constants. 
 
1. The stability analysis 

 
a. Bifurcation and chaos. From the expansion of formulae (2.7) is 

obtained: 

 

 
     (3.1) 

 
where  is the land price in time period t,  is the housing price in 

time period t. 
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Let, 

, 

,   (3.2) 

. 
 
Another form of the first equation of (3.1) is: 
 

,     (3.3) 
 
where . This is the general 

form of the discrete logistic equation. The stability of  varies along with 
variety of  according to logistic rule.  

If , then  implies that exist only one fixed point in system 
(3.1), however  is insignificant. 

If , then  implies 
that exist two fixed points in system (3.1) and bifurcation appears. 

If, , then 

 implies that exist 4 fixed points in system (3.1) and period-
doubling bifurcation appears. When  increases, the number of fixed points 
continues to grow until ;  

when  , the value of  is not 
equal in every point that appeared before, the system enters chaos from period 
doubling bifurcation. 

The same argument holds even for the second equation of formulae (3.1). 
Let : 

 
When , bifurcation occurs. 
 
When 

, 
period doubling bifurcation occurs. 

 
When , system enters chaos. 
 



JNTS                                                                                            19
b. Stability analysis. In the following we will discuss about the stability of 

the fixed 
points of the dynamic system (3.1) through the analysis of the eigenvalues 

of the linear asymptotic equation of formulae (3.1). Four fixed points of 
difference function (3.1) are obtained 

 

    (3.4) 

 
if: 

,   (3.5) 
. 

 
Lemma 3.1. The equilibrium 
 

 (3.6) 

 
is an unstable equilibrium point. The proof of this Lemma can be found in 

(Ma and Mu, 2007). 
 
2. Numerical simulations 

To study the dynamics of system (3.1) it is suitable the use of the 
parameters with the following values: 

 
 

  (4.1) 
 
Below is simulated the discrete logistic model (3.1) for different values of 
, according to the analysis discussed in paragraph 3.1. For what is said 

above  
. 

 
The following cases could be distinguished: 
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Case 1.1:  so . The values of the parameters 
from (4.1) are a means to address the following graph: 
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Figure 1.1 The approximation of cobweb model for 0.1705λ = , 0 0.1x = , 

7n = .  
 
We can see from the graph that the system has only one fixed point. 
 
Case 1.2:  for the 

values of the parameters from (4.1) ,  so  
 is obtained the following graph: 
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Fig. 1.2 The approximation of cobweb model for 2.1705λ = , 0 0.1x = , 7n = . 

 
We see that the system has two fixed points and bifurcation occurs. 
 
Case 1.3:  

 
for the values of parameters from (4.1) ,  so  

 is obtained the following graph: 
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Fig. 1.3 The approximation of cobweb model for 3.35λ = , 0 0.1x = , 7n = . 

 
We see that the system enters chaos. 
 
Case 2.1 
Let see the simulation of the second equation of the formulae (3.1). Let 

: 
 
When, , for the values of the 

parameters of (4.1)  ( ) so   bifurcation 
occurs. 
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Figure 1.4 The approximation of cobweb model for 1.913λ = , 0 0.1x = , 7n = . 

 
Case 2.2 
 
When 

, 
for the values of parameters of (4.1)  ( ) so 

 period doubling bifurcation occurs. 
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Figure 1.5 The approximation of cobweb model for 3.2826λ = , 0 0.1x = , 7n = . 

 
Case 2.3 
When , for the values of 

parameters of (4.1)  ( ) so  system 
enters chaos. 
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Figure 1.6 The approximation of cobweb model for 3.5697λ = , 0 0.1x = , 7n = . 

 
 

3. CONCLUSIONS 
 
The present paper provides information about a nonlinear model for the real 

estate market based in the cobweb model. This is a model for nonlinear supply 
and demand functions. Numerical simulations are performed in Matlab. 
Results report that the land supply is of great impact for the real estate market. 
In addition, that small oscillations make possible that the market enters chaos. 
Combining land price with the housing price make passing from chaos in a 
stationary situation possible.   
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ABSTRACT 
 
In the area of Lattice Quantum Chromodynamics, the potential between a static quark 
and antiquark that can be calculated from the Wilson loops is of considerable 
theoretical interest. High-Performance Computing Infrastructure for South East 
Europe's Research Communities (HP-SEE) has recently carried out project on the 
calculation of lattice spacing and the results are here reported. Parallel computing 
with FermiQCD software to recalculate the static quark-antiquark potential is here 
applied. Consequently, the method has been improved. Improvement concerns the 
symmetrisation of Wilson loops, as in the Euclidian space-time there is no specified 
direction for time or space and, the improvement of statistical errors of lattice spacing 
using weighted coefficients with Jackknife method. Simulation involving SU(3) 
gauge field configuration was used to obtain the quark-antiquark potential for 
different values of coupling constant and for 8^4, 12^4 and 16^4 lattice volume. The 
calculations are performed for 100 configurations, statistically independent, of the 
gauge fields of the lattice. The behaviour of calculated potential from quarks distance, 
shows that quarks are confined into hadrons. Here, the results of lattice spacing for 
different lattice volume and the respective statistical errors are reported. The 
calculated values of lattice spacing are compared with the values of lattice spacing 
from Sommer’s parameterization and results show that they are within the range of 
errors found.   
Keywords: lattice spacing, quark-antiquark potential, symmetrisation of Wilson loops, 
weighted coefficients 
 

 
1.  INTRODUCTION 
 
The lattice formulation, Lattice-QCD (Gattringer and Lang, 2009) is one 

of the most powerful non-perturbative methods to “solve” Quantum 
Chromodynamics theory. It is a lattice gauge theory formulated on a grid or 
lattice of points in space and time, where fields representing quarks are 
defined at lattice sites while the gluon fields are defined on the links 
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connecting neighboring sites. This formulation of QCD in discrete rather than 
continuous space-time naturally introduces a momentum cut off at the order 
1/a, where a is the lattice spacing, which regularizes the theory. This 
approximation approaches continuum QCD as the spacing between lattice 
sites is reduced to zero. As a result lattice QCD is mathematically well-
defined. Its power comes mainly from the possibility to evaluate physical 
quantities “exactly” via numerical simulations, yielding a method to test 
whether QCD provides the correct framework for describing strong 
interactions. The lattice spacing plays the role of the ultraviolet regulator, 
rendering the quantum field theory finite.  

The potential between a static quark and antiquark defines the energy of 
gauge fields in the presence of two static color sources separated by a distance 
R. At large distances quark confinement shows up and perturbative methods 
are no longer able to describe the behavior of physical observables; in this 
context, lattice gauge theories play an important role. Lattice results can be 
used to investigate non-perturbative features of the static quark potential and 
to test the range of validity of perturbation theory, which is still an important 
phenomenological issue which has to be investigated more precisely. The 
Creutz and Moriarty (1982) computer experiment to measure the static quark-
antiquark potential basically relates to quarks are confinement, so that the 
static potential exhibits a linear rise at large distances. Recent lattice studies 
(Schilling et al., 1993; Deldar, 2000; Bali, 2000; Paris et al., 1983) confirm 
the existence of the linear potential for the intermediate distances or the 
fundamental and higher representations in SU(3). Based on these 
measurements, quarks are confined in all representations of SU (3). 

Basing on the aforementioned results, Xhako et al., (2012) calculated the 
static quark-antiquark potential in quenched approximation using high parallel 
calculation techniques for lattices with different volume. Results report that 
further improvement is needed, as the error of lattice spacing a is too small to 
justify the difference between a_ calculated and a from Sommer’s 
parameterization (Sommer, 1993). In the present investigation the calculation 
method of interquark potential is improved symmetrizing the Wilson loops 
because in the Euclidian space-time there is no specified direction for time or 
space. In addition, the statistical errors of lattice spacing are improved using 
weighted coefficients via the Jackknife method. 

 
2. MATERIALS AND METHODS 
 
Wilson loops were introduced by Wilson (1974) as an attempt to a non-

perturbative formulation of quantum chromodynamics. The measurements on 
the lattice of the potential, related to Wilson loop measures, have parallel 
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histories laying in (Stack, 1983; Grifiths et al., 1983; Campbell et al., 1984; 
Campbell et al., 1988; Perantonis et al., 1989). 

The potential is extracted from so called Wilson loops W(R,T), which are 
defined to be the trace of path-ordered products of link variables μU (n) along 
the path C(R,T). This loop construction corresponds to the world lines of a 
quark-antiquark pair at rest, separated by distance R from each other and 
“travelling” over time separation T. In Euclidian time, this observable will 
reveal the static “ground state” energy for large T values. To calculate the 
energy we start from the correlate function of quark antiquark operator for 
different time: 

 
             ( ) ( ) ( ) ( ) ( )* *

R RW R,T 0 0 0  O 0 O TR RO O T= =      (1) 

                                                       
when operator  ( )RO T  is gauge invariant and is defined as: 
 
     ( ) ( ) ( )( ) ( )RO T T,0 U T,0 (T,R) T, Rq q= →          (2) 
 
and ( )( )U T,0 (T,R)→  is gauge field that connect static quarks from 

point (T,0) to point (T, R). Finally the Wilson loops can be defined as: 
 
   ( ) ( )( ) ( )( ) ( )( ) ( )( )* *

W R,T tr U 0,0 (0, R) U 0, R (T, R) U T,0 (T, R) U 0,0 (T,0)= → → → →      (3) 
                                                      

If we introduce in formula (3) a set of identity expressions | |
n

n n I>< =∑  

after several easy steps will have: 
                                               

( ) ( )
2 ( )

RW R , T 0|O 0 | ,nE R T

n
n e−= ∑                           (4) 

                                      
or it can be written as: 

                                                   
( ) nV (R)T

n
n

W R,T c e−=∑                                                   (5) 

                                              
Where the ground state is ( ) ( )1V R V R≡  and the other values, for n>1, 

are the potentials of the excited states. So, mathematically we can locate the 
ground state if we take the limit of expression (5)  
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( ) V(R )T
1lim W R,T c e

T

−

→∞
≅ ,                                        (6) 

                                            
and than we can take logarithm of (6) in order to have the final expression 

for potential of ground state. As size of T in lattice simulation is practically 
limited, the effective potential calculatedly from 

                                                     

eff
W (R , T 1) V (R ) log

W (R , T)
+

= −                                              (7) 

 
can be often used. 
 
We started from a closed rectangular path C(R,T) with extension R x T in 

Fermiqcd software (Di Pierro, 2001; 2002; 2004) and wrote the full code that 
calculates different planar Wilson loops, for R = T = 1,..6. The simulation is 
made for 100 statistically independent gauge field backgrounds. The output of 
Wilson loops is than treated in Matlab software. For each R it is selected the 
value of effective potential for large time T when it is reached a “plateau”.  In 
the present paper, our previous method is improved taking in consideration 
the symmetrisation of the Wilson loops before calculation of the effective 
potential. In our previous work (Xhako et al., 2012), Wilson loops were taken 
arbitrary in the form W(R, T) when the first index was space index and the 
second one was time index. In fact, in Euclidian geometry there is no 
privileged direction for space or time. So, the symmetrisation is carried out by 
averaged W(R, T) and W (T, R) Wilson loops.  

Finally, we fit the calculated values of the effective potentials according 
to the physical model (physically, this behavior implies the confinement of 
color in the flux tubes of the gluonic field) (Bali, 2000):                                   

eff 0
α V(R) V KR
R

= + +                                        (8) 

                                                     
where α  is a constant (the coefficient of the Coulomb-like term) and K 

the string tension parameter. We can take the representation of this model in 
lattice unit by multiplying with lattice spacing the equation (8): 

                                                                                 

eff 0
R aˆ ˆ ˆ ˆ      V(R)
a R

V K α= + +                                       (9)                                   

 
The coefficients of the model (9) are simply calculated in Matlab using 

matrix notation and solving a linear system as in (Xhako et al., 2012). We 
have calculated lattice spacing a basing on (Guagnelli et al., 1998).  The 
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physical volume of the lattice (L^4) with length L is related to the lattice 
volume (N^4) with N point for direction by L=aN. In order to take physical 
length L of the lattice constant we changed the value of the parameter 

2β 6 / g=  (g is the QCD coupling) in each simulation with different lattice 
volume (8^4, 12^4, 16^4). The changed values of the coupling constant are 
taken from parameterization of the low-energy reference scale 0r  according to 
(Guagnelli et al., 1998). We have rewrite also the script in Matlab that 
calculate statistical errors of the parameters of the model with Jacknife 
method (Miller, 1974), but including weight coefficients of errors of the 
potential.  The results are shown in Table 1 in the results section. Plotting the 
effective potential values for different R we have taken the graph of quark –
antiquark potential.  

  
3. RESULTS AND DISCUSSION 
 
The simulations are made with Wilson action on 8^4, 12^4, 16^4 lattices 

at three lattice spacing for 100 SU(3) gauge field configurations and carried 
out on the BG-HPC cluster that is located in Bulgaria (part of HP-SEE 
project), using Fermiqcd software. In the following paragraph, the graph of 
quark antiquark potential for lattice 16^4 is reported.  
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Fig. 1 Graph of quark-antiquark potential for beta=6, 16^4 lattice volume, in lattice unit. 

 
From the behaviour of the potential from quark distance, for lattice 

volume 16^4, Fig.1, where the same behaviour it is taken for 8^4, 12^4—the 
quark-antiquark potential it is dominated by a Coulomb–like term at short 
distances with an R dependent coupling ( ) 0V R V α / R≅ +  for R small and by 
a linearly rising term at large distances ( ) 0V R V KR≅ +  for R large, that 
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confirm the fact of confinement of quarks within hadrons as in (Parisi et al., 
1983; Schilling 1993; Deldar 2000; Bali 2000). The recalculation values of 
the lattice parameter for different lattice volumes and their statistical error are 
in Table 1 reported.  

 
Table 1. The values of lattice spacing a for different lattice volume with 

respective statistical errors  
 

Lattice 
volume  

Coupling 
constant  β  

Lattice  spacing a 
from parameterization 
(in fm) 

 Calculated 
lattice spacing 
a  (in fm) 

Statistical 
error of a 

8^4 5.7 0.1707 0.1735 0.0145(76) 
12^4 5.85 0.1230 0.1273 0.0214 (38) 
16^4 6 0.0931 0.0973 0.0594(74) 

 
The standard method of computing quark-antiquark potential from planar 

Wilson loops has been investigated using parallel computation techniques 
involving Fermiqcd. Results report that the quark-antiquark potential is 
dominated by a Coulomb–like term at short distances for small R and by a 
linearly rising term for large R confirming the so called quark confinement, 
one of the most important properties of QCD in low energy regimes. The 
present paper aims at fostering the previous work done by the authors. In the 
present investigation results of the lattice spacing parameters for different 
lattice volume and their statistical errors are improved. Reported in Table 1, 
the values of lattice spacing for different lattice volume are calculated within 
the range of statistical error. The calculated values of lattice spacing compared 
with them from parameterization show that they are within the range of errors 
found. These values of lattice spacing can be used to set the scale of the 
theory, so with them we can convert quantity from lattice unit in physical unit.  
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ABSTRACT 
 
Concentration trends of primary air pollutants, their photochemical transformations 
and environmental impact is in the present paper investigated. Monitoring sites 
chosen within each zone reflect the risk of being exposed to elevated levels of 
primary air pollutants. The results are here reported and compared to the Upper and 
Lower Assessment Thresholds indicated in the EU Air Quality Framework Directive 
CAFE 2008/50. These thresholds indicate a potential risk of exceeding limit values 
fixed for protecting human health. They trigger specific monitoring requirements. 
Trends and behaviours in the datasets for each primary component and period of 
record were examined with monthly average concentration behaviour. These 
represented plots of average concentrations for each month available and aid in 
understanding average seasonal behavior of measured pollutants. 
Keywords: Primary Pollutants; Photochemical Transformations; Concentration Trends 

 
1. INTRODUCTION 

The effects on health of transport-related air pollution have become one of 
the leading concerns about transport. Road transport will remain a significant 
contributor to air pollution in cities across the  Albania as carbonaceous 
material is emitted. Few papers (Chu and Macias 1981) have reported that 
traffic-generated dust is of great impact for the human health. Exhaust 
emissions are an important source of traffic related pollution and several 
epidemiological and toxicological studies (Mol et al., 2010), have linked 
such emissions to adverse health effects. Road abrasion, tire wear and brake 
wear are non-exhaust traffic emissions which become relatively more 
important with progressive reductions in exhaust emissions (Bower 1997). 
Toxicological research increasingly indicates that such non-exhaust 
pollutants could be responsible for some of the observed health effects 
(Blanchard 1999). Coal combustion results in sulfate-contaminated particles 
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for which there is strong evidence of adverse effects from epidemiological 
studies. Health relevant sources also include power generation (oil and coal 
combustion), and metal industry. Based on most recent studies (Hak et al., 
2009), exposure to particles from biomass combustion, most notably 
residential wood combustion during winter, may be associated not only with 
respiratory but also with cardiovascular health.  

The pollutants in the present investigation measured consist of primary 
pollutants: nitrogen dioxide (NO2), benzene (C6H6), sulfur dioxide, (SO2) and 
ozone (O3). Monthly measurements of total accumulated pollutant have been 
carried out at urban, rural, sub-urban and industrial sites in Albania, using 
diffusion tubes in June 2012, January 2008 and 2012.  

Results report that nitrogen dioxide concentrations vary between rural, 
urban and traffic sites in a different manner from particle matter (PM) and 
ozone (O3). Nitrogen dioxide concentrations are higher close to the sources 
and at traffic areas and decrease in urban background areas. The lowest 
concentrations are found in rural areas. While secondary PM and O3 are 
formed regionally from precursor gases, chemical reactions are less likely to 
create NO2. For most NOX sources, the share of NO in NOX emissions is 
much greater than that of NO2, typically 10–20 times higher. The NO2 
concentration is then increased at the expense of NO, due to reactions with 
O3. In traffic and urban areas with fresh inputs of NO, some of the O3 present 
is depleted while oxidising NO to NO2. In rural, areas relatively limited fresh 
NO emissions are available, except near highways and combustion plumes. 
The reaction between NO, NO2 and O3 leads to chemical equilibrium.  

 
Photochemical Transformations  

Photochemical reactions transform primary pollutants into secondary air 
pollutants. The oxidation of sulfur dioxide (SO2) and nitrogen dioxide (NO2) 
and their conversion to particulate sulfate, and gaseous and particulate nitrates 
are important characteristics of mainly urban air photochemistry. The 
environmental effects of these secondary pollutants are associated with 
acidification of precipitation, visibility reduction and have deleterious effects 
on human health, enhancing the negative effects of primary pollutants. 

The rate of conversion of NOx to NO3 affects ozone formation and the 
ultimate fate of NOx in the atmosphere. SO2 is oxidized to sulfate and the 
oxidation rate determines its lifetime in the atmosphere (Atkinson et al., 
1997). NOx and SO2 are oxidized to HNO3 and H2SO4 in the atmosphere, 
which in turn form the nitrate NO3

– and sulfate SO4
2–. 

Atmospheric oxidation of SO2 occurs by homogeneous and heterogeneous 
paths and the oxidation rate increases as relative humidity increases through 
both paths involving OH production. A large fraction of SO2 should react with 
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water vapor and be converted to SO3 through heterogeneous reaction, and 
then is oxidized either by reaction with O3 and H2O2 or by reaction with 
catalytic metals. Sulfate is generated as H2SO4 mist by the homogeneous 
nucleation processes in the H2SO4–H2O system, followed by the transition to 
ammonium sulfate (NH4)2SO4 and/or ammonium bisulfate NH4HSO4. The 
droplet phase reactions are important for the oxidation of SO2 to sulfate in the 
atmosphere. SO2 is oxidized to H2SO4 by homogeneous gas–phase reactions 
followed by condensation of the H2SO4 both onto pre-existing particles and 
into new particles with partial neutralization by ammonia (NH3). SO2 may 
react immediately with OH in the atmosphere to produce SO3. The reaction 
rate of SO3 with H2O in the gas–phase was generally considered to be very 
fast. However the reaction of SO3 with H2O is quite slow in the gas–phase. 
The reaction rate constant of SO3 with ammonia is more than 4 orders of 
magnitude larger than that of SO3 with H2O in the gas–phase. Sulfuric acid in 
the atmosphere can further react with ambient ammonia producing a 
(NH4HSO4) and the very weakly acidic (NH4)2SO4 which is the most common 
form of SO4

2– (Finlayson-Pitts and Pitts 2000). 
The proportion of each of the aforementioned sulfate species in the 

atmosphere depends upon meteorological conditions and local concentrations 
of ammonia. If ammonia is scarce, sulfate will remain in more acidic forms 
such as ammonium bisulfate or sulfuric acid. Sulfate can primarily be found 
in fine particle.  

NOx are also emitted, or produced in, the troposphere. Nitric oxide (NO) is 
short lived because it oxidized to produce nitrogen dioxide (NO2) which plays 
a major role in O3 production. NOx comprise a mixture mainly of NO and 
NO2, prominent in air quality studies. As a precursor pollutant of O3, NO2 
poses a threat to public health. Previous studies have shown, however, that 
NOx emissions from anthropogenic sources exceed natural sources.  

Vehicular traffic emissions are the main sources of NOx in our country. 
High temperature causes the oxidation of atmospheric N2, first to NO and then 
to NO2, which plays a major role in the formation of ground–level O3. The 
NOx emitted from fossil fuel combustion has a lifetime of less than a day 
against oxidation to HNO3 and peroxyacetylnitrate (PAN). The products of 
NOx oxidation in the atmosphere include both gaseous and particulate nitrate. 
Nitric acid which is the most important transformation product of NOx, is 
formed through either the homogeneous reaction of NO2 with the OH radical, 
reaction of NO3 with aldehydes or hydrocarbons or hydrolysis of N2O5 in the 
atmosphere. The gas–phase reaction of NO2 with OH radicals is the dominant 
pathway for HNO3 formation during daytime whilst, N2O5 hydrolysis and 
NO3 free radical is believed to become an important source of HNO3 during 
night. The fate of HNO3 is controlled by the reaction with basic species such 
as NH3 gas or with crustal minerals and sodium chloride particles, and dry 
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deposition. The prime influence upon HNO3 concentrations is expected to be 
ambient temperature, relative humidity and NH3 concentrations at sites where 
ammonium nitrate, (NH4NO3) is formed. HNO3 can be transformed into 
aerosol by neutralization reactions (De More et al., 1997).  

 

2. RESULTS AND DISCUSSIONS 

Passive diffusive sampling, the experimental method in the present 
investigation used, relies on the diffusion of analytes through a diffusive 
surface onto an adsorbent. After sampling, the analytes are chemically 
desorbed by solvent extraction or thermally desorbed and analysed. Passive 
sampling is used as a screening method rather than a regulatory method, for 
which continuous monitors are needed.  Trends and behaviours in the datasets 
for each primary component and period of record were examined with 
‘monthly average concentration’ behaviour. These represented plots of 
average concentrations for each month available. These patterns aid in 
understanding average seasonal behavior in environmental data. The targets 
for NO2 are defined by the two limit values for the protection of human 
health: i) the long term limit value, corresponding to the annual mean limit 
value of 40 μg/m3  and, ii) the short term limit value, corresponding to the 
hourly mean limit value of 200 μg/m3. 

The annual mean limit value for NO2 for the protection of human health is 
40 μg/m3 and had to be met in 2010. NO2 annual mean exceedance are mostly 
attributed to local traffic, domestic heating, local industry and power 
generation, industrial emissions etc. (table 1).  

 
 Table 1. Annual limit value for the protection of human health (NO2) 

Threshold Frequency Value 
(µg/m3) 

Upper Assessment 
Threshold 

not to be exceeded 
more than 18 times a 

year 
32 

Lower Assessment 
Threshold 

not to be exceeded 
more than 18 times a 

year 
26 

 
The experimental data shown in figure 1 report that in almost half of urban 

areas such as Gjirokastra-city center; Saranda-district; Peshkopi-city center, 
there are increased concentration values from January 2008 to January 2012. 
In July 2008, the NO2 levels were under the Lower Assessment Threshold 
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(LAT), varying from 4.5 µg/m3  to 26 µg/m3. High values of NO2, over the 
UAT value were measured in Tirana-Directory of Public Health, Tirana-21 
Dhjetori sites. 

 

 
Fig 1.  Concentration trends for nitrogen dioxide concentration in main sites, during January 

2008, January 2012 and June 2012 (µg/m3). 
 
The variation of SO2 values show it’s oxidation process to sulfate and the 

oxidation rate determines its lifetime in the atmosphere, which in turn forms 
sulfate SO4

2–. Atmospheric oxidation of SO2 occurs by heterogeneous and 
homogeneous paths and the oxidation rate is increased with increasing relative 
humidity through both paths involving OH production. A large fraction of 
SO2 should react with water vapor and be converted to SO3 through 
heterogeneous reaction, and then is oxidized either by reaction with O3 and 
H2O2 or by reaction with catalytic metals. The proportion of each of the above 
sulfate species in the atmosphere depends upon meteorological conditions and 
local concentrations of ammonia. If ammonia is scarce, sulfate will remain in 
more acidic forms such as ammonium bisulfate or sulfuric acid. Sulfate can 
primarily be found in fine particle.  

SO2 concentrations decreased from January 2008 to January 2012 in main 
urban centres (figure 2). In Fier sites, SO2 concentrations are constantly high 
during most periods due to oil rafinery factories spread in sub-urban, and rural 
areas for this city. LAT and UAT are not passed for this primary pollutant 
(table 2).  
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Fig 2.  Concentration trends for sulfur dioxide concentration in main sites, during January 

2008, January 2012 and June 2012 (µg/m3). 
 
 

Table 2. Annual limit value for the protection of human health (SO2) 

Threshold Frequency Value (µg/m3) 
Upper Assessment 

Threshold 
Not to be exceeded more 

than 3 times a year 75 

Lower Assessment 
Threshold 

Not to be exceeded more 
than 3 times a year 50 

 
The most severe pollution events occur when a combination of light winds 

and suppressed vertical mixing prevents the dispersion of pollutants from an 
urban center. The process of ozone formation typically requires several hours 
and occurs only at times of bright sunlight and warm temperatures. During 
June the average minimum-maximum temperature is 160C-280C while during 
January it is 20C-120C. For this reason, peak ozone values typically are found 
downwind of major cities rather than in the urban center (figure 3). During 
severe events with light winds, high ozone concentrations are more likely to 
occur closer to the city center.  There are neither LAT nor UAT defined for 
this pollutant. In addition, the observed values can hardly be compared to any 
target value or long term objective (based on hourly values, 8 hour values or 
AOT). 
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Fig. 3.  Concentration trends for Ozone concentration in main sites, during January 2008 and 
June 2012 (µg/m3). 

 
Concentrations of benzene were highest at traffic stations, as gasoline is still 

one of the most important sources of benzene. Concentrations measured at 
traffic stations decreased steadily from January 2008 to January 2012 (figure 
4). Benzene concentrations at urban and rural stations show lower decrease 
during the same period.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Concentration trends for benzene concentration in main sites, during January 2008, 
January 2012 and June 2012 (µg/m3). 

 
There are several processes that have impact on the removal process of 

benzene in ambient air, like the photochemical degradation of benzene which 
also contributes to ozone formation, and the chemical reactivity of benzene is 
relatively low. An atmospheric lifetime of several days is sufficient for 
benzene to be transported over long distances. 

In June 2008, levels of benzene were low due to high photochemical 
degradation and only 12 % of concentration values exceeded LAT and UAT 
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(table 3). In January 2008 and January 2012 respectively 85.7% and 78.6% of 
concentration values exceeded LAT while 21.4% and 50% exceeded UAT 
limit.   

 

Table 3. Annual limit value for the protection of human health (C6H6) 

Threshold Frequency Value (µg/m3) 
Upper Assessment Threshold Annual average 3.5  
Lower Assessment Threshold Annual average 2   
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ABSTRACT 
 
The present paper investigates on the radon concentration levels in the soil and indoor 
for the city of Fier, one of the main cities of Albania. Radon is a naturally occurring 
gas that results from the radioactive decay of uranium. Radon breaks down into 
odorless and colorless particles that are often present in the home. In addition, it is 
very dangerous for the health, as when inhaling it or its decay products, sensitive lung 
tissues are stricken causing damage that can lead to lung cancer. Consequently, an 
accurate assessment of radon level is very important. In the present investigation, 
radon concentration levels and soil permeability measurements have been made. 
Measuring time varied between 24 and 72 hours and active radon detectors were used. 
Results report that in the 52 sites where measurements were made, the level of radon 
concentration ranges from 2000 up to 43000Bq/m3. In addition, 19 sites out of 52 are 
characterized by high soil permeability. Moreover, three categories of radon risk are 
here reported. In Fier, 11.54% of the territory is identified as high radon risk area.  
Keywords:  natural radioactivity, radon, permeability, Becquerel, Quaternary deposits, 
Fier. 
 
 

1. INTRODUCTION 
 
Radon  is a radioactive, colorless, odorless and tasteless  noble gas, 

occurring naturally as an indirect decay product of uranium or thorium. As 
radon itself decays, it produces new radioactive elements called radon 
daughters or decay products. Unlike the gaseous radon itself, radon daughters 
are solids and stick to surfaces, such as dust particles in the air. If such 
contaminated dust is inhaled, these particles can stick to the airways of the 
lung and increase the risk of developing lung cancer. Inhalation is the main 
route of radon gas entry into the body for radon and its decay products. Radon 

http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Noble_gas
http://en.wikipedia.org/wiki/Decay_product
http://en.wikipedia.org/wiki/Uranium
http://en.wikipedia.org/wiki/Thorium
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decay products may attach to particulates and aerosols in the air we breathe 
(for example, cooking oil vapors). When they are inhaled, some of these 
particles are retained in the lungs. 

Long-time exposure to environments with high levels of radon, the alpha 
particles from its radioactive decay directly strike sensitive lung tissue causing 
damage that can lead to lung cancer (UNSCEAR, 2000). UNSCEAR (2000) 
and USEPA (2012) stated that 70-75% of the total dose of radon gas that 
humans inhale comes from natural radioactive sources. There are many 
sources of indoor radon (Barnet and Neznal, 1994), but particularly from: i) 
air, ii) building materials and, iii) radon-contaminated drinking water used in 
bathroom showers and sprays, though this occurs only when the water comes 
from a private well.  Geological environment is of great impact to the 
aforementioned sources. Because radon comes from rock and soil, it can be 
found anywhere. Radon is emitted from the ground and enters a home through 
cracks in walls, basement floors, foundations and other openings. 
Theoretically, under stationary conditions and in different depth, U (Ra), 
density, coefficient of radon gas emanation and porosity expressed in the 
following equation are of great impact for the volumetric activity level of 
radon concentration in soils (avRn). 

 

avRn = a m
226Ra · ρ · 

P
Kem  

 
where: a m

226Ra , radium content 226 in soil, Bq/kg  
     ρ , soil density, kg/m3 

     Kem, coefficient of Radon gas emanation  
     P, value of soil porosity  
 
 Results report that smokers who are also exposed to radon have a much 

higher risk of lung cancer. In addition, association between residential radon 
exposure and lung cancer is clear. USEPA (2012) estimated that the risk of 
lung cancer is 20/1000 if you have 1.3pCi/L of radon found. In addition, for 
the non-smokers the risk of lung cancer is 2/1000 if you have 1.3pCi/L of 
radon found. Consequently, recognizing concentration of this deadly gas in 
working environment and homes and minimizing its levels to natural 
background levels must be top priority for every institution. 

 
2. MATERIALS AND METHODS 
 
Twelve to fifteen field measurements for the volumetric activity level of 

Radon concentration in soils, AvRn were carried out at 52 lithologically and 
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tectonically different sites. In addition to lithological content and tectonic 
features, climatic conditions were different from one site to an other. All the 
aforementioned features are of great impact for the radon concentration 
(Barnet and Neznal 1994; Matolin et al., 2000). Soil permeability (K) was 
determined as well. All the measurements (12-15) were carried in a surface 
area of 250-300m2.  

 
Measuring time 
The volumetric activity level of Radon concentration in soils, (avRn) was 

determined 6 minutes after sampling was carried out to avoid the impact of 
radon-220 as recommended in (Plch, 1996). 

 
Sampling  
Air samples were collected 0.8m from the earth surface due to climatic 

conditions. 
 
Procedures for measuring 
The volumetric activity level of Radon concentration in soils was 

measured using 1.2m long cylindrical steel tube with the diameter Ø, 12 mm 
and metal pinnacles at its bottom. The equipment drives in a depth of 0.80 m 
(Matolin et al., 2000; Plch, 1996). Fifty centimeters long, the metal pinnacles 
disconnects from the 5cm long tube and remains in the ground (lost tip).  

Consequently, the air coming from the pores of soil gets into cylindrical 
tube. Once getting into the cylindrical tube, absorbed using a syringe, the air 
gets into the container MB145, of radon equipment Luk4. The method 
involves software and measures automatically radon concentration. Measuring 
error is ± 7% (Plch 1996). Data of gas concentration are expressed in 
Becquerel’s per cubic meter (Bq/m3), and are transferred to P.C., where 
selection for every measuring site is made. 

 
Measurement of soil permeability 
Gas permeability of soils and rocks is one of the most important factors 

which determine the possible radon sources of any given site and therefore 
one of the main parameters for final radon risk classification of building sites 
(Neznal et al., 1996). Measuring process takes place in the holes where data 
for the determination of avRn were collected, i.e., 0.8m from the surface. The 
RADON – JOK instrument was used for the determination of soil 
permeability. 

 
 
 
 



2014/Vol.XIX(1) 46 

Measurement of radon in indoor air 
Here, the radon active detectors Fritra-2 are involved. Measuring time 

varied from 24 to 72 hours. Windows and doors remained closed while 
carrying out the short-term test.  

 
Assurance quality  
With regard to the assurance quality standard, the instruments in the 

present investigation used were calibrated at the laboratory of the 
Metrological Center, the Czech Republic (Pribram, Kamena).  

 
Data interpretation 
Data interpretation is based on the recommendations made by the 

respective Czech institutions. Here, mean values of avRn together with soil 
permeability (K) have been determined. The map of radon volume activity, 
the map of soil permeability and the map of radon risk in soil/ground have 
been compiled in line with the data reported in the table of radon risk 
classification (Barnet and Neznal 1994; Matolin et al., 2000; Neznal et al., 
1996). Basing on the interpretation of aforementioned maps, risk is rated as 
low, medium and high. 

 
Results analyses 
Divided into 52 sites, a surface area of 13 km2 in Fier was investigated. 

Six-hundred and twenty four applications for the determination of the volume 
activity of Radon “avRn” and soil permeability coefficient (K) have been 
made. Data elaboration was a means to address the compilation of the three 
following maps at the scale 1:25000: i) the Map of soil permeability (figure 
3a), ii) Map “avRn” (figure 3 b) and, iii) the Map of radon risk, (figure 3c) 
(Dogjani, 2006-2007). Compiled in the map of radon risk, detailed 
information on radon risk is here reported. The Surfer program was applied 
for the compilation of the map of radon risk. 

  
Volume activity of radon in soil 
Depicted in the figure (1a) results report that: i) 8 sites have radon 

concentration lower than 10kBq/m3, ii) 15 sites have radon concentration 
values varying between 10-19,9kBq/m3, iii) 21 sites have radon concentration 
varying from 20-29,9Bq/m3, and the reminder have the radon concentration 
over 30kBq/m3. Statistically elaborated, the results report that the 
concentration levels are: minimum 17, 8 kBq/m3; maximum 43, 16 kBq/m3 
and mean 20, 2 kBq/m3. 
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a)                                       b)                                   c) 
 
Fig. 1: Distribution of Radon levels in kBq/m3 (a); permeability in sec., (b) and Radon risk 

in soil (c). 
 
Soil permeability 
In the figure 1b, 1 site with a permeability of over 660 sec, 19 sites having 

permeability up to 36 seconds and the reminder with a permeability varying 
from 36 to 660 seconds are depicted. 

 
Radon Risk  
Figure 1c depicts 16 sites or 30.77 % of the area considered as low risk 

areas, 30 sites or 57.69% of the area considered as medium risk areas and the 
reminder considered as high risk area. 

Figure 2(a) and (b) depict that radon concentration and soil permeability 
depend on geological features. The region is situated in the quaternary 
deposits of Holocene (Qh) having different physical and lithological 
properties. 

 

     
a)                                                                                 b) 

Fig. 2: Distribution in the test site of Radon levels (a), and permeability in soil (b) 
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Measuring of indoor radon   
In the present investigation, 17 indoor measurements within 24-72 hours 

have been made. Taking place once, in the spring only, measurements were 
made in the first floor, in an environment with a great number of people. In 
addition, these measurements were made in parallel with the measurement of 
radon concentration in soil. The sites were selected basing on the 
concentration of radon in soil. Results report that in 23% of the cases, the 
radon concentration goes up to 50 Bq/m3, in 43% of the cases radon 
concentration varies from 51 to 100 Bq/m3, in 23% of the cases radon 
concentration varies from 101 to 199Bq/m3 . Finally, in 13% of the cases 
radon concentration is higher than 200 Bq/m3. Moderate radon concentration 
is 94Bq/m3. The present investigation helped in compiling the map of radon 
risk. Here, the Surfer program was involved.  

 
Classification radon risk in soil gas 
Compiled in the map, the figure 3 c depicts the radon risk in soil gas. 

Sixteen sites are considered as low radon risk areas, 30 sites are considered as 
medium risk areas and the reminder as high risk areas. 

 
 

M  A  P   OF   P  E  R  M  E  A  B  I  L  I  T  Y 
                          CITY  FIER
                          Sc.1:25000
                             Yr. 2006            Author: S.Dogjani

                                      E  X  P  L  A  I  N

    0  to  36 Sec.        36.1 to  660  sec.      660.1  to 10000 sec.  

 

M A P  OF  R A D O N C O N C E N T R A T IO N 
                       C I T Y  F I E R
                          Sc.1:25000
                                                    Author: S.Dogjani

                                      E  X  P  L  A  I  N

         0.1  -   9.99 kBq/m^3              10  - 19.99 kBq/m^3 

         20  -   20.99 kBq/m^3              30  - 50.00 kBq/m^3  

 

M A P  O F  R A D O N  R I S K
                 CITY  FIER
                  Sc.1:25000
                                                    Author: S.Dogjani

30

Low Risk Medium  Risk High Risk 

E X P L A I N

 

 
a)                                             b)                                         c) 

Fig. 3:  The map of permeability (a), radon soil concentration (b) and radon risk (c) 
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3. CONCLUSIONS 
 
Fieri is considered as a high medium and low radon risk area due to 

geological features.   
The quaternary deposits are lithologically complex. Consequently, the 

radon levels that vary from 17, 6 kBq/m3 to 43, 16 kBq/m3 . The mean values 
of radon risk is 20, 2 kBq/m3. 

Short-term testing measurements made for indoor radon concentration 
report that the mean value of indoor radon concentration is 94Bq/m3. Fieri is 
characterized by medium radon concentration in soil and indoor.     
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ABSTRACT 
 
Radon (chemical symbol Rn) is a naturally occurring radioactive odorless, colorless 
and tasteless gas found in soils, rock, and water throughout the world. In addition, it is 
very dangerous for the health, as when inhaling it or its decay products, sensitive lung 
tissues are stricken causing damage that can lead to lung cancer. Consequently, an 
accurate assessment of radon level would be of irreplaceable importance. The present 
paper provides information about the radon concentration in soils, indoor radon 
concentration indoor and radon concentration in water in Albania. Several indoor 
measurements at urban centers have been carried out for an accurate investigation. 
Results report three categories of radon risk in the country-low radon concentration 
risk, medium radon concentration risk and high radon concentration risk. In addition, 
the concentration radon indoor level varies between several becquerels per cubic 
meter to thousands of Bq/m3. In addition, concentration levels go up to 508 kBq/m3  at 
specific geological setting.    
Key words:  permeability, radon, soil, gas, red clay. 
 

1. INTRODUCTION 

The Institute of Geosciences, Energy, Water and Environment, 
Polytechnic University of Tirana, Albania (IGJEUM) has recently drafted an 
investigation plan with regard to the assessment of radon concentration level 
in Albania.  

Radon is a colorless, odorless, radioactive gas. It is formed naturally from 
the decay of radioactive elements, such as uranium, which are found at 
different levels in soils and rock throughout the world. Radon gas in the soil 
and rock can move into the air, ground water and surface water. As radon 
itself decays, it produces new radioactive elements called radon daughters or 
decay products. Unlike the gaseous radon itself, radon daughters are solids 
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and stick to surfaces, such as dust particles in the air. If such contaminated 
dust is inhaled, these particles can stick to the airways of the lung and increase 
the risk of developing lung cancer. Radon decay products may attach to 
particulates and aerosols in the air we breathe (for example, cooking oil 
vapors). When they are inhaled, some of these particles are retained in the 
lungs.  

World Health Organization (WHO) (2009) stated that Radon (Rn) is the 
second cause of lung cancer in the general population, after smoking. Current 
estimates of the proportion of lung cancers attributable to radon range from 3 
to 14%, depending on the average radon concentration in the country 
concerned and the calculation methods. Most of the radon-induced lung 
cancer cases occur among smokers due to a strong combined effect of 
smoking and radon.  Many ecological investigations about exposure to radon 
in the general population and leukemia either in children or in adults have 
been carried out. Some of the aforementioned investigations along with the 
most recent advanced study have found associations between indoor radon 
concentration and the risk of leukemia (Smith et al., 2007); at the geographic 
level (Laurier et al., 2001). An ecological study carried out in Norway showed 
an association between multiple sclerosis and indoor radon concentration 
(Bolviken et al., 2003). A main source of indoor radon concentration is the 
radon gas which comes from the soil under a house or building. Therefore, 
accurate measurements of the radon concentrations in the soil are very helpful 
in identifying doubtful areas and in minimizing some radon hazards. The 
interpretations of radon levels are based on the Czech National Standard 
(Barnet 2004).  

 There are many sources of indoor radon but, but the most important 
sources are: i) bedrock/soil, ii) construction materials and, iii) radon-
contaminated drinking water used in bathroom showers and sprays, though 
this occurs only when the water comes from a private well.  Radon comes 
from rock and soils, it can be found anywhere. Radon is emitted from the 
ground and enters a home through cracks in walls, basement floors, 
foundations and other openings (fig 1a). The three sources are closely related 
to geological setting, and make up 84% of general dose, taken by the man 
(fig.1b). 

Theoretically, under stationary conditions and at different depths, U (Ra), 
density, coeficient of radon gas emanation and porosity expressed in the 
following equation are of great impact for the volumetric activity level of 
radon concentration in soil (AvRn). 

avRn = a m
226Ra · ρ · 

P
Kem          

where: a m
226Ra  -  radium content 226 in soil, [Bq/kg] ;   
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ρ  -  soil density [kg/m3 ] ;    
Kem,- coeficient of Radon gas emanation,  
P  - value of soil porosity. 
 

       
       a                                                                     b 
Fig. 1: a) Radon movement and sources (directions of the entry of radon gas in building; 

b) Dose distribution components of radioactivity. 
 
2. MATERIALS AND METHODS  

Radon concentration in soils, water and indoor are in the present 
investigation measured for an accurate assessment of radon level in Albania. 

Covering a surface area of 250-300m2 as defined in (Matolin et al., 1998), 
in all the sites twelve to fifteen measurements of the activity volumetric of 
radon concentration in soils (AvRn) were carried out. The soil permeability 
(K) was measured as well.   

 Time required for the determination of AvRn was measured 6 minutes 
after sampling took place, or after the sample was extracted from the soil via 
Janet Syringe using Lucas camera of the Instrument Luk4 or Luk3p.  

Air samples were collected 0.8m from the earth surface as defined by the 
Luka method (Matolin, 1994). The volumetric activity level of radon 
concentration in soils was measured using a 1.2m long cylindrical steel tube 
with the diameter 12 mm and metal pinnacles at its bottom (Matolin et al., 
2000). 

Gas permeability measurement of soils and rocks is one of the most 
important factors which determine the radon sources of any given site and, 
therefore one of the main parameters for final radon risk classification of 
building sites. Permeability measurement involved the RADON – JOK 
instrument based on Darcy’s equation (Koorevaar et al., 1983).The air flow is 
expressed by the following equation: 

 

                                           
where:   Q (m3.s-1)     is the air flow through the probe. 
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F (m)             is the shape factor of the probe, depending on site geometry. 
K (m2)           is permeability of the soil. 
µ (Pa.s)         is dynamic viscosity of air (at10o C µ=1.75.10-3 Pa.s). 
Δp (pa)          is pressure difference between surface and the active area of 

the probe. 
 
Critical point of use of this equation is determination of the shape factor 

F. Solution has been presented by (Van der Graaf & Meijer, 1992). Resultant 
formula is as follows: 

                     
 
where:   l (m)        is the length of active area of the probe head. 
             D (m)        is the diameter of active area. 
             d (m)         is the depth below the surface. 
 
For the instrument Radon - Jok, the shape factor F is 0.149 m.  The great 

advantage of Radon - Jok instrument is the possibility to perform 
measurements independently of any source of energy. The permeability 
measurements are achieved in all the locations where a soil gas radon 
measurement was carried out. 

 

           
 a                              b                              c                             d                

Fig. 2. The introduction of Radon gas in the syringe (a); equipment Luk4 (b), equipment 
Luk3p (c) and radon Jok (d). 

 
Indoor radon measurement involved the radon active detectors Fritra-2. 

Measuring time varied between 24 and 72 hours. Windows and doors 
remained closed while carrying out the short-term test. 
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                     a                                                     b 

Fig. 3: Passive detector (a); Equipment Fritra2 (b) 
 
The measurement of radon in water involved the Aqua kit-alpha pump - 

Alpha guard (fig.4a and b). Alpha guard user involving the aqua kit set-up 
helps determine the radon directly in water. In a closed gas cycle, radon is 
expelled of the water sample by means of alpha pump. Radon enters the 
ionization chamber by natural diffusion through a filter that allows only radon 
to enter. Concentration in the system is determined and stored in its memory 
(1-resp.10-min cycle). Once rotating for 10 minutes, the operation mode of 
alpha pump switches off. Alpha Guard remains switched on for another 
20min, e.g. for as long as radon measurement continues.  The radon 
concentration expressed by the following equation: 

 

Cwater = Cair x 0CK
V

VV

sample

samplesystem −⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

−
 

where:  
Cwater = Rn concentration in water sample, Bq/m3, Cair = Rn concentration 

in the measuring set-up after expelling the Rn. Co= Rn concentration in the 
measuring set–up before sampling. Vsystem = interior volume of the 
measurement set-up, ml. Vsample= volume of the water, ml. K= radon 
distribution coefficient (Clever, 1985).  

                                  

                                
                                 a)                                                       b)                                                    

Fig. 4: Alpha Pump with acessories (a) Equipment AlphaGuard (b). 
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The instruments in the present investigation used were periodically 

calibrated at the National Metrological Center, Kamena, the Czech Republic 
for accurate measuring purposes. 

  
3. RESULTS 

Radon concentration level in soil varies from 3 to 278kBq/m3 . Radon 
indoor concentration level varies from 30 to 700Bq/m3 and in some cases to 
3600Bq/m3. In water it varies from 5 to 70Bq/l. In addition, reddish 
terrigenous formations dating since Pleistocene-Holocene Era and flysch 
formations dating since Paleogene Age and Burdigalian formations are richer 
in radon than all the other formations. Muceku (2005; 2011) reported that 
Albania is rich in reddish terrigenous formation. In Albania, the indoor radon 
level goes up to 2500Bq/m3. Dogjani (2007) reported that in several Albanian 
cities and towns there are several high-risk radon areas.  

 
3.1. Phase 1: General knowledge on the levels of radon concentration in 

Albania (soil, air, water) 
The radon risk classification of foundation soils is based on the soil gas 

radon concentration measurements and on the permeability of soils and rocks 
for gasses. The values obtained enable the determination of radon risk as low, 
medium and high.  Concentration levels up to 278 kBq/m3 are found at some 
specific geological settings.   

Results on radon concentration in soil are as following: in 2.3% of the 
surface the radon gas concentration level goes up to 19.9kBq/m3; in 10.9% of 
the surface the AvRn level varies from 20 to 29.9 kBq/m3; in 10.5% of the 
surface the radon levels vary between 30 to 69.99 kBq/m3. Finally, in 6.3 % of 
the surface the radon concentration level vary from 70 to 278 kBq/m3.  

Indoor air quality is recognized as a significant factor affecting the well-
being of the population.  Consequently, indoor air quality measurements were 
carried out in nurseries, kindergartens and residential homes. Results are as 
follows: in 55.4% of the cases radon concentration varies from 0-60 Bq/m3; 
17.4% of the cases it varies from 60 to 100 Bq/m3; 9.8% of the cases it varies 
from 101-150 Bq/m3; in 5% of the cases it varies from 151-200 Bq/m3; in 
7.4% of the cases it varies from 201 to 400 Bq/m3. Finally, in 5% of the cases 
the average level measured in the range higher than 400 Bq/m3 (fig. 5a and b). 
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Fig. 5: a). Radon concentration up to 3723Bq/m3 (average 1004Bq/m3) ;b) Radon 
concentration up to1730 Bq/m3 (average 724Bq/m3) 

 
Lack of clean water is very concerning for the health, development, 

economy, agriculture, productivity etc. Consequently, radon measurement is 
of irreplaceable importance for the life quality of the population. Results 
report that the radon concentration level in the water varies between 5 to 
70Bq/l. 
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3.2. Phase 2: Establishment of a monitoring system in areas that are 
classified as areas with problems. 

The first phase provides information about the geographical distribution 
of radon concentration in some of the Albanian urban areas. Here, higher risk 
areas are detected. Figure 6(a) and (b) provide detailed information about the 
radon concentration in Tirana (Dogjani et al., 2009). 

 
a 
 

 
                                                       b 

Fig. 6: a) Indoor Radon Map (draft), b) in soil Radon Map, Tirana city  
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Indoor radon measurements were carried out mainly in some working 

places to identify radon levels higher than 200Bq/m3. In the second phase 
detectors were used mainly in winter. Currently, approximately 250 detectors 
have been used in different cities. Results report that there are some radon 
sectors in soil. The results obtained so far helped compile the map of radon 
concentration in soil, the map of ground permeability; the map of radon risk 
and the map of indoor radon concentration. 

Currently, the map of indoor radon concentration levels in Albania, grid 
(10x10) km is under compilation process. Nevertheless, investigation must 
further.  

 
3.3. Phase 3: Studies in unknown areas  

The third phase relates to the investigation carried out in some small 
towns and centers of rural areas. This phase is just in the start point. Time, 
awareness and funds are here needful.  

 
4. CONCLUSIONS AND RECOMMENDATIONS  
 
The amount of radon emanating from the earth and concentrating inside 

homes varies considerably by region and locality, and is greatly affected by 
the residential structure as well as soil and atmospheric conditions. In Albania 
there is a good correlation between radon concentration in soils with the radon 
indoor concentration levels. Detailed investigation on radon distribution of 
any given area is a long-term process. Public awareness is fundamental. 
Consequently, measurements known as “hot items” with frequency of 2-3 
times per year were carried out. Further measurements in some new working 
places have been made to provide additional information on radon 
concentration in the working places. Radon gas is not solely connected with 
geological features. High levels of radon could be encountered in low – 
medium radon risk areas too. Here, combing active measurement techniques 
with the passive methods for an accurate and long-term measuring process is 
necessary. With regards to radon-resistant construction, legislators may take 
into account to adopt codes that require builders to follow prescribed 
procedures, or that require builders to put in the system and ensure that radon 
levels are lowered to a given standard.  
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ABSTRACT 
 
Wild almond (Prunus webbii Vierh.) is a woody species, which is difficult to 
propagate either generatively by seed or by vegetative methods (grafting or cuttings). 
Micropropagation or tissue culture is a means to address the production of disease-
free, high quality planting material and the rapid production of many uniform plants. 
Multiplication of wild almond was carried out using zygotic embryos, cotyledons or 
shoots as primary explants to develop a successful propagation protocol. New 
plantlets were induced from explants cultured on basal MS medium in which PGRs 
combinations varied according to the explants. Results report that zygotic embryos 
can proliferate through direct or indirect organogenesis (depending on embryos 
isolation), cotyledons developed through somatic embryogenesis in BAP 0.5 mg l-1 

concentration, meantime shoots developed via direct organogenesis. A great number 
of new plantlets identical to mother plants derived from embryos, cotyledons or 
shoots culture was obtained in the subculture stage. This protocol might be of great 
benefit for mass propagation and for genetic manipulation of wild almond.  
Keywords: wild almond, micropropagation, direct and indirect organogenesis, 
somatic embryogenesis, growth regulators 

 
1. INTRODUCTION 
 
Prunus webbii Vierh. trees are located in dry or semidry woodlands at 

altitudes up to 700 in Central Asia, Balkan Peninsula, South Italy etc. In 
Albania, this tree specie is located in Përmet, Mallakastër, Butrint, Konispol, 
Delvinë, Himarë, Vlorë, Tepelenë, Përmet, Leskovik, Skrapar etc. (Vangjeli et 
al., 1995; Qosja et al., 1992). This specie is considered endangered (EN) as 
defined in the IUCN criteria (Vangjeli et al., 1995).  
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The wild almond can be used as rootstock for almond, nectarine and 

peach and for cultivated almond (Ladizinsky, 1999; Zohary and Hopf, 1993).  
Hard resistance to drought conditions make wild almond trees is used in 

forestation of arid areas. In addition, it is ornamental tree specie (Heidari et 
al., 2008). This species is characterized by high concentrations of 
ribonucleases, compounds that have antitumor and anti-bacteriological 
properties (Fang and Tzi Bun 2011). Wild almond trees are cyanogenic, 
because they contain compounds called cyanogenic glucosides which cause 
toxicity, but in small quantities stimulate respiration and improve digestion 
(Russell et al., 1997). 

The seeds have a stony endocarp and their germination is very difficult. 
This is of great concern for propagation of wild almond (Qosja et al., 1992; 
Vangjeli 2003). Micropropagation is a suitable method for obtaining a large 
quantity of genetically homogeneous and healthy plant material which can be 
used for planting (Kongjika et al., 2002; Damiano et al., 2008; Kongjika et 
al., 2010; Spahiu and Rama, 2012; Qendro et al., 2013). The rapid in vitro 
multiplication of clonal plants is desirable to shorten crossing programs in 
fruit tree breeding (Daorden et al., 2004).  

The present paper aims to determine the optimal method for 
micropropagation in order to produce a great number of plants in a short 
period and identical to mother-plants. 

 
2. MATERIAL AND METHODS 
 
Plant material: collection and disinfection 
Shoots, zygotic embryos (fully isolated embryos and embryos with part of 

cotyledons) and cotyledons were used as primary explants to establish the 
most appropriate protocol for in vitro cultivation. These explants were taken 
from wild almond trees of Fushë – Kruja. 

 
Sterilization of zygotic embryos and cotyledons 
Once left for 12- 24 hours in tap water in order to alleviate the embryos 

isolation, seeds sterilization is carried out. Double sterilization with HgCl2 
0.01% for 20 min before and after removing seeds tegument followed 
immediately after. Thereafter the explants are rinsed out three times with 
sterilized H2Od (Muriithi et al., 1993). 

 
Sterilization shoots 
Active shoots were cut in two - or three-node sections. The stem sections 

are washed carefully with water and are shaken for 5 min. in 70% ethanol, 
followed by 20 min. treatment with HgCl2 0.01% and two drops of Tween 20. 
Finally, stem sections are rinsed three times with sterile distilled water. 

http://en.wikipedia.org/wiki/Cyanogenic
http://en.wikipedia.org/wiki/Glucoside
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Media composition for in vitro cultivation 
 
Stage 1.Organogenesis or embryogenesis induction 
Fully isolated embryos and embryos with part of cotyledons: For 

organogenesis induction, both types of explants were inoculated in the 
following two nutrient media:  

 
1. Basal nutrient medium MS (Murashige and Skoog, 1962) without 

phytohormones or PGRs and,  
2. Basal MS medium supplemented with cytokinin, 6-benzylaminopurine 

(BAP) 1 mg l-1 and auxin, indole-3-butyric acid (IBA) 0.1 mg l-1.  
 
Cotyledons culture: Cotyledons were inoculated in basal MS medium to 

obtain preliminary data in somatic embryogenesis induction. The two 
combinations of PGRs concentrations tested are:  

1. BAP 1 mg l-1- and IBA 1 mg l-1 and,  
2. BAP 0.5 mg l-1- and IBA 1 mg l-1. 
 
Shoots culture: the basal MS medium supplemented with BAP 0.3 mg l-1, 

IBA 0.1 mg l-1 and gibberellic acid (GA3) 0.3 mg l-1 is used for shoots 
proliferation. 

 
Stage 2. Subculture: 
All plantlets regenerated from stage I were inoculated in basal MS 

medium supplemented with BAP 0.7 mg l-1, naphthalene acetic acid (NAA) 
0.01 mg l-1 and GA3 0.1 mg l-1. 

 
Stage 3. Rooting 
All the plantlets which didn’t show spontaneous rooting were inoculated 

in modified MS basal medium which contained: ½ MS macroelements, MS 
microelements, MS vitamins and supplemented with NAA 0.1 mg l-1. 

All media were enriched with sucrose 3% and agar 0.7%. The pH of the 
media is adjusted to 5.6.  

 
Stage 4. Plantlets acclimatization 
Rooted plantlets were transferred after 3 – 4 weeks on rooting media to a 

mixture of soil, peat and perlite (2:1:1) (v/v), in 7 cm diameter plastic pots and 
placed in a controlled growth chamber at 20oC. The plantlets were covered 
with plastic bags in order to maintain high humidity by removing them 
periodically for some minutes day after day. The bags were removed 
completely about four weeks after. 
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Chamber conditions for in vitro cultivation 
The explants in every developmental stage were grown in the growth 

chamber at 25° ± 2°C, in a 16 h light/24 h regime with cool, white fluorescent 
light. 

 
Statistical analysis  
All experiments were repeated at least twice. Data collections in 

experiment were subjected to analyses of variance and evaluated using the 
statistical evaluation program JMP 7.0. 

 
3. RESULTS AND DISCUSSION 
 
Stage1. Organogenesis or embryogenesis induction 
Embryo culture 
Zygotic embryos are isolated from mature seeds under aseptic conditions 

using a stereo microscope. Two types of explants, the fully isolated zygotic 
embryos and embryos with part of cotyledons are tested to evaluate the role of 
cotyledons in embryo germination (Fig. 1a and b).  

The explants were inoculated for organogenesis’ induction in two types of 
nutrient media in order to evaluate the response in presence or absence of 
PGRs. The results are in Table 1 and Graphic 1 reported. 

 
Table 1. Organogenic response during embryo culture of wild almond for 

both types of explants inoculated in two different nutrient media 
 

Fully isolated zygotic embryo Embryos with part of 
cotyledons 

 
Type of 
nutrient 
media 

Roots and 
leaves 

Only leaves Roots and 
leaves 

Only leaves 

Basal MS 
medium 
without 
PGRs 

18 % + 1,299 
St dev 4,109 

57,6 % + 2,320 
St dev 7,336 

63,5 % + 2,320 
St dev 7,337 

18,8 % + 1,576 
St dev 4,984 

Basal MS 
medium 

with PGRs 

0 % + 0 
St dev 0 

54,1 % + 2,433 
St dev 7,694 

29,9 % + 1,642 
St dev 5,195 

55,5 % + 2,409 
St dev 7,619 

 
The germination of zygotic embryos and roots development was observed 

after three days of cultivation. The leaves developed after 6 – 7 days. Due to 
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juvenile properties, the embryos possess a great regeneration potential which 
makes them optimal explants for in vitro micropropagation purposes. 

Results report that these differences depend on explants type and their 
reaction in different induction media. The explants that showed better 
response are the embryos isolated with part of cotyledons for both media 
tested.  

As it is reported, in proliferation of proembryos of Eruca sativa (Corsi, 
1972), Phaseolus coccineus (Yeung and Sussex, 1979), and Capsella bursa-
pastoris (Monnier, 1984) better results are observed when the embryo is 
isolated with a part of cotyledon. Furthermore, the presence of cotyledonal 
pieces during in vitro cultivation of avocado (Persea americana Mill.) doesn’t 
reduce the germination percentage and the regenerated plantlets are 
morphologically identical to mother plants (Sánchez-Romero et al., 2007). 
Such explants are of great help for the seeds manipulation technique.  

 

 
 
Graphic 1. Organogenic response during embryo culture of wild almond for both types of 

explants inoculated in two different nutrient media 
 

 
 

Fig. 1. Micropropagation of wild almond: a) Fully isolated zygotic embryo b) Embryos 
with part of cotyledons c) Shoots and roots regeneration after callusogenesis. 
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In the present investigation, callus formation for both explants especially 

in the contact zone with the nutrient media is typical. It resulted in a high 
percentage during cultivation in basal MS media with PGRs (Fig. 1c). In this 
case, the regeneration of new shoots occurs via direct and indirect 
organogenesis, because phytohormones or PGRs are present in the media. 
Their effect is added to the regulatory role that play the endogenous 
hormones, proteins and sugars deposited in the mature embryo. The role of 
PGRs in callus formation during embryo in vitro culture is considered an 
interesting process because in such way, in many plant species, is stimulated 
the formation of somatic embryos using zygotic embryos as initial explants 
(Maheshwari and Baldev 1961). 

More effective resulted basal MS media without PGRs, especially when 
the isolated zygotic embryos are fully inoculated. Even for the other type of 
explants (zygotic embryos with part of cotyledons) organogenesis induction 
resulted in a high percentage in such media. In many cases, PGRs or 
phytohormones are not necessary when using mature zygotic embryos, as the 
embryo has a considerable size and is in an autotrophic phase. Raghavan and 
Srivastava (1982) stated that there is no specific need for additional amounts 
of PGRs in the nutrient media for a large broad of wild plants. 

A minimal percentage of plantlets with roots and leaves and a very high 
percentage of those only with leaves for both of explants is typical of the basal 
MS media with PGRs. Maybe this is due to the high ratio cytokinin/auxin in 
the nutrient media. Murashige and Skoog, (1962) reported that a high ratio of 
auxin/cytokinin stimulates roots formation in tobacco callus, meanwhile a low 
ratio induces shoot formation. This hypothesis of organogenesis has been 
improved by (Torrey, 1966). 

In many cases, cultivation of zygotic embryo is used to avoid successfully 
post zygotic incompatibility in many woody plants (Ramming, 1990). 

 
Cotyledons culture 
Wild almond cotyledons are cultivated to induce somatic embryogenesis 

from the proliferated callus. The later one is green in color (Fig. 2a). Basal 
media tested is different from BAP and IBA concentrations (1, 0.5 mg l-1), 
meanwhile IBA concentration (1 mg l-1) remained the same in both media. 
This difference is of great importance for the callus proliferation during this 
stage of culture (Table 2).   
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Table 2. BAP effect in callus proliferation during in vitro cultivation of 

cotyledons  
 

 BAP (1 mg l-1) BAP (0.5 mg l-1) 

Callus proliferation (%)  0 % 49 % 
 

 
 

Fig. 2. Stages of cotyledons during in vitro cultivation a) compact callus with green color 
b) initial structures of somatic embryos c) shoots formation after callus differentiation d) 

bipolar structure (shoot and root apex) formed during somatic embryogenesis 
 

It seems that a higher concentration of BAP cytokinin in basal medium 
inhibits callus induction in explants. The high ratio auxin/cytokinin stimulates 
somatic embryogenesis, roots and callus formation. Harvey and Grasham 
(1969) provide information about the efficiency of IAA, NAA and 2,4-D for 
callus induction in conifers. Regarding somatic embryogenesis of Quercus 
castaneifolia results report that these explants show embryogenic callus 
proliferation in nutrient media supplemented with BAP and IAA (0.5 and 1.0 
mg l-1), while in higher doses of this PGRs (BAP 1 mg l-1 and AIA 2 mg l-1) 
callusogenesis induction is not observed (Ehsanpour and Zahedi, 2006). 
Embryogenic callus formation from cotyledons of Juglans nigra (Neuman et 
al., 1993) and Albizzia procera (Datta, 1987) is also reported. 
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Shoots culture 
Plant material is obtained by collecting the active explants between 

January and April, as buds start swelling from shoots in dormancy. Most often 
shoot tips and meristems are the explants of choice due to their genetic 
stability. 

In the first days of cultivation, the explants did not show signs of 
proliferation. Organogenic response which is characterized by an increase in 
leaves number and shoots length was obtained 2-3 days later (Table 3, 
Graphic 2). 

 
Table 3. Biometric parameters of plantlets during shoots proliferation and 

elongation 
  
 20 days 30 days 40 days 

Shoots length 1,05 + 0,29 
St dev 0,93 

1,44 + 0,32 
St dev 1,02 

1,89 + 0,37 
St dev 1,17 

Leaves number 2,20 + 0,53 
St dev 1,68 

5,20+ 0,55 
St dev 1,75 

7,10 + 0,92 
St dev 2,92 

 
Shoots did not show callusogenesis, but were developed via direct 

organogenesis. Results report that leaves number increases faster in 
comparison with shoots length. Here, lateral buds are not formed and the 
plantlets are fragile. The leaves are thin and poorly developed.  

 

  
 

Graphic 2. Biometric parameters, observed during shoots proliferation and elongation 
 

In the first stages of shoots proliferation and elongation, the impact of 
interaction of low doses of three types of PGRs in basal media (BAP, IBA and 
GA3) is clear. Yildirim et al., (2007) accentuated that only high doses of BAP 
(1 mg l-1) are of positive impact for micropropagation of wild almond shoots. 
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Fig. 3. Stages of wild almond shoots during in vitro cultivation: a, b) First stage of shoots 

proliferation; c) Plantlets with lateral shoots regenerated after stage I d) Hyper hydrated plants 
developed during subcultures e) Roots development after callus formation during cultivation in 

rooting media f) Acclimated plant of wild almond 
 
Stage 2. Subculture 
The regenerated plantlets from stage 1 were inoculated in subculture 

medium. Most of explants reacted normally giving a great number of leaves 
and lateral shoots (Fig. 1c). However, signs of hyper hydration were observed. 
Such plantlets do not survive and were eliminated (Fig. 1d).  

Studies on wild almond propagation are of great interest and 
investigations to find a universal nutrient medium specific for this species 
further (Nas and Bolek 2009). As they supposed that the composition of such 
medium must imitate seed composition, a new specific medium using NAS 
nutrient medium as a basis was investigated (Nas and Read, 2004). The new 
tested medium is compared with several basal nutrient media such as MS, 
WPM, DKW using mature explants from different cultivars of wild almond 
and, NRM. MS and WPM are found suitable for subculture stage. These 
results are similar with those in the present paper reported.  

Except new shoots formation, during subcultures, callus formation in 
shoot basis was observed and new shoots were developed from this callus. 
Micropropagation coefficient resulted very high and this is due to the 
presence of BAP cytokinin, whose function is apical dominance interruption 
and new shoots formation. Similar observations for the role of cytokinins in 
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micropropagation process are reported in (Muna et al., 1999; Pruski et al., 
2000; Saponari et al., 1999). 

 
Stage3. Rooting 
Some regenerated plantlets from both explants tested showed spontaneous 

rooting during stage 1. Optimal rooting percentage was observed when 
embryos with part of cotyledons were inoculated in MS basal medium with 
PGRs (Table 1 and Graph. 2). 

 

 
 

Graphic 2. Spontaneous rooting (%) in organogenesis induction medium  
for both types of explants 

 
Many regenerated plants from stage 1 were not transferred to soil for 

acclimatization processes, but were inoculated in subculture medium to obtain 
a great number of plants. Once inoculated, the plantlets were transferred in 
rooting medium. Rooting response was observed more than 4 weeks later and 
rooting percentage resulted to be 41%. Here, callus formation in shoots basis 
in contact with the medium is typical (Fig. 1e).  

Monter (1992) reported that auxin α-naphtaleneacetic acid (NAA) plays 
an important role in the in vitro rhizogenesis induction in Malus sp. These 
observations are similar to the results obtained from this study. Olate et al., 
(2009) obtained high results in shoots rhizogenic response of Juglans regia L. 
using auxin IBA.  

 
Stage 4. Plantlet acclimatization 
This stage is very difficult for wild almond. The plantlets that showed 

spontaneous rooting during stage 1 were easily acclimated. For 
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micropropagation purposes, they were not acclimated but transferred in stage 
2. The acclimatization was very difficult for the regenerated plantlets derived 
from stage 2 and 3. The number of acclimated plants was very low (Fig. 1f). 

 
4. CONCLUSIONS 
 
The following conclusions are drawn: i) in vitro embryo culture is of great 

impact for micropropagation of wild almond plants, ii) basal MS medium 
without PGRs resulted more effective for organogenesis induction, iii) plant 
regeneration resulted in a high percentage when using embryos with part of 
cotyledons as primary explants, iv) induction of somatic embryogenesis from 
cotyledons in vitro cultivation resulted efficient in BAP 0.5 mg l-1 

concentration, v) a great number of new plantlets identical to mother plants 
derived from embryos, cotyledons or shoots culture was obtained during 
subculture stage the and, vi) spontaneous rooting resulted in a high percentage 
meanwhile the induced one was in a lower rate. Acclimatization was very 
difficult for micropropagated plantlets of wild almond. 
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ABSTRACT 
 
Genus Synechococcus gathers organisms of considerable genetic diversity, which are 
classified into groups based on their physiological diversity, on the presence of the 
accessory pigment phycoerythrine, and the diversity of the 16S-23S rDNA internal 
transcribed spacer (ITS) regions. Correlation between the physical and biological 
indicators at six sampling stations from the Durrës Bay, Albania, which represent hot 
spots of different sources of pollution, and the diversity of populations of 
Synechococcus based on the dimensions of ribosomal DNA- ITS, was explored. 
Chlorophyll a (Chl a), nitrogen (as NO3

-), and phosphorus (as PO4
3-) were measured 

monthly from April to October 2011 and from June to October 2012 to investigate the 
quality of waters. Four different ITS-a and three ITS-b regions were amplified. 
Results report that in Plepa Channel there was an extra ITS, informing on a new 
population not present at the other stations. In addition, there is a positive correlation 
between the total phosphorus and diversity of populations and a negative correlation 
between nitrogen and diversity of populations of Synechococcus. 
Keywords: internal transcribed spacer (ITS) region, Synecchococus spp., nitrogen, 
phosporus, Chl a, trophic state.  
 

1. INTRODUCTION  
 
In marine ecosystems, environmental clines exist in temperature, light 

intensity, spectral composition, and nutrient availability that can affect the 
distribution, composition and diversity of organisms (Lavin et al., 2008). 
Prochlorococcus and Syneccococus, the unicellular cyanobacteria, have 
ecotypes, which have identifiable geographic ranges. They co-occur in many 
oceanographic regions, but Synechococcus tolerates a broader temperature 

http://en.wikipedia.org/wiki/Phycoerythrin
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range, has a broader latitudinal distribution and usually is limited to shallower 
depths (less than 100 m). The indicators system provides useful information 
about the state of coastal waters, which are ecosystems with high biodiversity 
and assessment of the dynamics of environmental changes (progressive or 
regressive) (Bacu et al., 2011). Bacu et al. (2010) have already reported a 
direct relationship between phosphorus concentrations, chlorophyll a (algal 
biomass), and clarity of the waters because, phosphorus drives algal growth 
which then affects water clarity.  

The ribosomal operon, which in prokaryotes is generally composed of 
16S and 23S ribosomal RNA (rRNA) genes separated by an internal 
transcribed spacer (ITS) region, is part of the slowly evolving bacterial set of 
genes. Several reports have indicated that any organism’s gene content closely 
reflects phylogeny, and that incremental diversification of the core genome 
reflects the diversification of the ‘accessory’ genome over time (Feil, 2004). 
The ITS contains antitermination box B - box A motifs, which prevent 
premature termination of transcription (Berg et al., 1989), and also have a role 
in holding the secondary structure of the nascent rRNA for processing to 
mature rRNAs (Apirion and Miczak 1993). The spacer between the 16S and 
23S rRNA genes can encode 0, 1, or 2 tRNA genes. Because the ITS exhibits 
a great deal of length and sequence variation, it has been used in many 
bacterial groups to delineate closely related strains (Barry et al., 1991; 
Leblond-Bourget et al., 1996; Christensen et al., 1999). Whole-genome 
sequences suggest that low-B/A Prochlorococcus strains possess a single 
rRNA operon, while high-B/A Prochlorococcus and marine Synechococcus 
strains possess two identical rRNA operons 
(http://www.jgi.doe.gov/JGI_microbial/html/index.html).  

Investigation of cyanobacterial species at the coastal lagoons and marine 
waters in Albania, was based on PCR amplification of species-specific 
ribosomal DNA regions (Bacu et al., 2012; 2013; Gjyli et al., 2013 b). The 
present investigation aims at using rDNA-ITS dimensions as a phylogenetic 
tool to identify the diversity of populations of Synechococcus spp. at the 
Durrës Bay and finding any possible correlation between the main biological 
and physical indicators of the trophic state of the waters (nitrogen, 
phosphorous, Chl a) and the level of diversity of ITS at populations of the six 
sampling stations. 

 
2. MATERIAL AND METHODS 
 
Sampling Stations and Collection Processing 
Figure 1 depicts the sampling stations located along the Durrës Bay (35 

km long) (Pano et al., 2006). Samples were monthly collected —from April to 
October 2011 and from June to October 2012— in the following stations: 

http://www.jgi.doe.gov/JGI_microbial/html/index.html
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Golemi Beach (GB), Plepa Channel (PCh), Hekurudha Beach (HB), Ex-Fuel 
Quay in Marine Durrës Harbour (EFQ), Water Channel of Durrës District 
(WChDD) and Currila Beach (CB), at 1 meter depth from the water surface. 
Sea water (~ 4 l) was collected for phytoplankton DNA isolation (2 l), and for 
chlorophyll a, total phosphorous and nitrogen (2 l) investigation purposes. 
Samples were stored in the dark at 2-litre plastic containers until delivery at 
the labs.   

 
 

Fig. 1. Locations of sampling stations at Durrës Bay (from right to left Golemi Beach (GB), 
Plepa Channel (PCh), Hekurudha Beach (HB), Ex-Fuel Quay in Marine Durrës Harbour (EFQ), 

Water Channel of Durrës District (WChDD) and Currila Beach (CB). (Google Earth, 2014). 
 
Filtration of Water for isolation of total phytoplankton DNA, DNA 

extractions and quality assurance  
The water samples for picophytoplankton DNA isolation were filtered 

through a 47 mm diameter 0.7 μm pore size, GF/F filter under gentle vacuum. 
The filter was stored at -20ºC in a 1 ml of STE (100 mM NaCl, 10mM Tris 
HCl, 1 mM EDTA (pH 8.0) until DNA extraction. With little modifications, 
the DNA extraction was based on (Fuhrman et al., 1988; Pichard et al., 1993; 
Paul 2008). Quality and quantity of DNA were measured using the UV/VIS 
spectrophotometer as recommended in (Sambrook et al., 1989). 

 
Measurement of Chl a, nitrogen (as NO3

-), phosphorus (as PO4
3-) 

APHA et. al., (1998; 2005) recommendations were followed for the 
extraction of chlorophyll a. The fluorometric method was applied for the 
determination of the Chl a concentration in µg/l. 

Nitrate and phosphate were measured spectrophotometrically using the 
PhotoLab 6600 UV-VIS, WTW GmbH.  
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Polymerase Chain Reaction (PCR) for the amplification of ITS regions of 
ribosomal DNA 

The primers used to amplify cyanobacterial 16S-23S ITS rDNA region 
were ITS-af / ITS-ar dhe ITS-bf / ITS-br as recommended in (Lavin et al., 
2008). PCR was run in a 25 µl total volume, with Taq polymerase (2,5 U), 3 
µl MgCl2 (25 mM), 2,5 µl PCR buffer (1X), 0,5 µl dNTPs 10mM, and 25 
pmol of each primer. Cycling conditions were 95°C for 5 min, followed by 28 
cycles of 95°C for 1 min, 61°C for 1min, and 72°C for 2 min. Final step was a 
10 min stretch at 72°C. DNA products were checked by a 1.5 % agarose gel 
under the UV.  

 
3. RESULTS  
 
The amplification of 16-23S ITS regions to assess genetic diversity in 

Synechococcus populations from the sampling stations of Durrës Bay 
In the present paper, the investigation of the picophytoplanktonic 

diversity based on the variability of the 16-23rDNA-ITS is of primary 
importance. The amplification gave products for both the ITS-a and ITS-b 
(Lavin et al., 2008) regions of the bacterial operon. ITS-a amplified had four 
dimensions, respectively 1000, 900, 800, and 300 bp. The ITS-b amplified 
had three dimensions, respectively 550 bp, 400 bp, and 250 bp (Figure 2).  

                                                      

 
 

Fig.2. ITS-b PCR products of ribosomal DNA from picocyanobacteria Synechoccocus. 
From right to left : M = Marker 1kbp; 1 = GB (July, 2011); 2= WChDC (July, 2011); 3 = GB 

(September, 2011); 4 = PCh (September, 2011); 5 = EFQ (September, 2011); 6 = WChDC 
(July, 2012); 7 = GB (September, 2012). 

 
Rocap et al., (2002) and Lavin et al., (2008) provided information about 

the presence of different dimensions of ITS in marine and fresh waters. In the 
Durrës Bay, where sources of pollution such as fuels, heavy metals (Totoni 
and Mulla, 2009; Wilbur Smith Associates, 2003), waste spills, organic 

Arrows 
show the 
three 
products of 
size 550, 400 
and 250 bp. 
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compounds (Boçari et al., 2006) and construction waste are of great impact 
for the growth of microbial populations, the genetic variability of the 
populations of Synechococcus might be interpreted in terms of the tendency 
for a better adaption to unfavorable environmental conditions. The ITS 
fragments, even a or b, were amplified at all stations, except for the smallest 
ITS-b fragment of 250 bp, which was found only at the PCh station (Fig. 2). 

 
Quality of waters according nutrients N and P 
Nitrate (NO3

-)  
Maximal values of nitrate (NO3

-) (5.8mg/l and 2.1mg/l) were recorded 
respectively in May 2011 at the HB station and in August 2012 at the EFQ 
station, while minimal values (12.06 mg/l and 0.3 mg/l) were recorded in 
October, at the PCh station 2011 and September – October at the CB station, 
2012 (Gjyli and Kolitari, 2011; Gjyli et al., 2013a, b) (Table 1, Figure 3).  

Nitrate levels were decreased in June, September and October 2011, 
leading to a depletion of nitrate load (Figure 5). Since nitrogen stimulates the 
growth of marine phytoplankton and is considered as a key nutrient to coastal 
eutrophication (Ryther and Dunstan, 1971), it is likely that nitrates have been 
absorbed by the algae. As in 2012 the NO3

- concentration was 0.77 ± 8.9 
(or1.8 times) lower than in 2011, i.e. records of nitrate level reduction, 
water quality has been improving over time (Gjyli et al., 2013b).  

 
Table 1. Maximum, minimum, mean, and total mean of NO3

- 
concentrations measured in stations GB, PCh, HB, EFQ, WChDD, CB during 

sampling campaigns of 2011 and 2012. 
  GB PCh HB EFQ WChDD CB 

Max. 5.5 4.4 5.8 5.3 3.6 5.1 
Min. 0.08 0.06 0.11 0.09 0.15 0.08 
Mean 1.89 1.48 1.80 1.68 1.50 1.85 2011 
Total 
Mean 1.70 
Max. 1.6 1.5 1.5 2.1 1 1.8 
Min. 0.6 0.8 0.4 0.7 0.5 0.3 
Mean 0.90 1.12 0.88 1.18 0.72 0.78 2012 
Total 
Mean 0.93 

Max. = maximum, Min. = minimum, Total Mean = total mean. 
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Fig. 3. Values of NO3

- concentrations measured monthly.  
 
Converted to NO3-N as recommended by the ICES (International Council 

for the Exploration of the Sea; 
http://ocean.ices.dk/Tools/UnitConversion.aspx) (1µg NO3

-/l = 0.225897 µg 
N/l), the total mean values of NO3

- in 2011 and 2012 are respectively, 0.38 
mg/l mg/l and 0.21 mg/l. Gjyli et al. (2013b) reported that the values are 
higher than allowance for surface waters under natural conditions (Chapman, 
1996). In 2011, the highest levels of NO3

- were found in the GB station. The 
lowest levels were found in the PCh station. In 2012, the highest levels of 
NO3

- were found in the EFQ station. The lowest levels of NO3
- were found in 

the WChDD station. 
 

 
 

Fig.4. Channels of waste waters along coastal Durrës Bay, with constantly or temporarily 
discharge at night or early in the morning (Photo: Gjyli, 2013, from left to right 1 & 2 - 

WChDD; 3 &4- PCh; 5- GB; 6- channel near Durrës Archaeological Museum area). 
 
Phosphates (PO4

3-) 
Maximal values of phosphate (PO4

3-) (0.6 mg/l and 0.41 mg/l) were 
recorded respectively in July 2011 at the WChDD station and CB station, and 
in June 2012 at PCh station, while minimal values (0.019 mg/l and 0.17 mg/l) 
were recorded in June for the PCh 2011, and October 2012 for the CB station  
(Gjyli and Kolitari, 2011; Gjyli et al., 2013a, b) (Table 2, Figure 5). So, in 
May, June, and September (excluding PCh) and October 2011, the PO4

3- 
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concentration levels were decreased, leading to phosphate depletion, probably 
due to the consumption of PO4

3- from algae. In 2012 the concentration of 
PO4

3- was 0.08 ± 0.14 (or 1.4 times) higher than in 2011, reporting an increase 
in phosphate level (Gjyli et al., 2013b).  

 
Table 2. Maximum, minimum, mean, standard deviation, variation 

coefficient and total mean of PO4
3- concentrations measured in stations GB, 

PCh, HB, EFQ, WChDD, CB during the sampling campaigns of 2011 and 
2012. 

  GB PCh HB EFQ WChDD CB 
Max. 0.4 0.5 0.5 0.5 0.6 0.6 
Min. 0.026 0.019 0.034 0.022 0.029 0.026 
Mean 0.14 0.20 0.17 0.17 0.19 0.16 2011 

Total Mean 0.17 
Max. 0.26 0.41 0.26 0.34 0.34 0.24 
Min. 0.19 0.21 0.18 0.2 0.22 0.17 
Mean 0.23 0.28 0.23 0.25 0.27 0.22 2012 

Total Mean 0.25 
Legend: Max. = maximum, Min. = minimum, Total Mean = total mean. 

 

 
Fig 5. Values of PO4

3- concentrations measured monthly. 
 
Converted to (PO4-P) as recommended by the ICES (International 

Council for the Exploration of the Sea; 
http://ocean.ices.dk/Tools/UnitConversion.aspx) (1µg PO4

3-/l = 0.326138 µg 
P/l), the total mean values of PO4

3- in 2011 and 2012 were 0.055 mg/l and 
0.081 mg/l, respectively. Gjyli et al. (2013b) stated that the aforementioned 
values are higher than allowance recommended (PO4-P) (0.005 - 0.020 mg/l) 
for surface waters under natural conditions (Chapman, 1996). In 2011, the 
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highest levels of PO4

3- were found at the PCh station. The lowest levels of 
PO4

3- were found at the GB station. In 2012, the highest levels of PO4
3- were 

found at the PCh station. The lowest levels of PO4
3- were found at the CB 

station. 
 
Chlorophyll a (Chl a) content 
Maximal values of total chlorophyll a (Chl a) (87.69 µg/l and 39.57 µg/l) 

were recorded in June, 2011 at the EFQ station and in September 2012 at the 
WChDD station, while minimal values (14.11 µg/l and 6.92 µg/l) were 
recorded in June 2011 at the PCh station and June 2012 at the CB station 
(Gjyli and Kolitari, 2011; Gjyli et al., 2013a, b) (Table 3, Figure 6). As in 
2012 the concentration of Chl a was 24.22 µg/l ± 0.91 (or 2.1 times) lower 
than in 2011, trophic state has been improved over time (Gjyli et al., 2013b). 
Reported in Table 3, data on Chl a concentrations in 2011 and 2012 report 
that trophic state has been improved.  

 
Table 3. Maximum, minimum, mean and total mean of Chl a 

concentrations measured in stations GB, PCh, HB, EFQ, WChDD, CB during 
the sampling campaigns of 2011 and 2012. 

  GB PCh HB EFQ WChDC CB 
Max. 70.66 70.31 70.32 87.69 71.9 55.3 
Min. 23.7 14.11 29.5 26.8 33.5 14.81 
Mean 47.22 41.14 49.72 56.28 53.11 28.75 

2011 

Total Mean 46.04 
Max. 31.65 35.41 33.72 28.12 39.57 25.83 
Min. 11.79 12.37 8.45 10.38 13.43 6.92 
Mean 21.91 24.47 21.27 20.55 26.44 16.26 

 
2012 

Total Mean 21.82 
Legend: Max. = maximum, Min. = minimum, Total Mean = total mean. 

 

 
Fig. 6. Values of Chl a concentrations measured monthly (Multiparameter probe Idromar, 

APHA et al., 2005) and trophic state (Hakanson, 1983). 
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Here, using appropriate filters in (ChP) in summer of 2012 and 

restrictions imposed by the law to owners of buildings and businesses that 
discharge wastewater along the coast of Durrës Bay have been of great impact 
(Gjyli et al., 2013b). Basing on Håkanson et al., (2007), coastal water systems 
of different trophic levels based on the content of Chl a (modified by OECD, 
1982; Håkanson and Jansson 1983; Wallin et al., 1992), could be classified 
into four trophic classes: oligotrophic (Chl a <2 μg/l), mesotrophic (2-6 μg/l), 
eutrophic (6-20 μg/l), hypertrophic (> 20 μg/l). Eutrophic areas are areas of 
high primary production due to the excess of nutrients, and are subject to algal 
blooming, resulting in poor water quality. When the number of algae grows, 
there is also a risk for the production of biotoxins (from the harmful algal 
blooms HABs) (UNEP/MAP, 2012). All stations are categorized as 
hypertrophic, except PC that was in eutrophic state in 2012. Sewage remains 
the main source of water pollution, especially increased nutrient loads, which 
causes the blooming of algae. Thus, an accurate sewage treatment and waste 
disposal management should be of primary concern for local authorities and 
putting into operation of the processing plant wastewater in ShënVlash area, 
would significantly improve the trophic state of coastal waters. 
Hypereutrophic waters are rich in nutrients and are characterized by algae 
bloom and low transparency (EPA 2008). In 2011, the EFQ station was 
characterized by the highest level of Chl a and the CB station was 
characterized by the lowest level of Chl a. In 2012, the WChDD station had 
the highest level of Chl content, whereas the CB station was characterized by 
the lowest level of Chl a content.  

 
The relationship between ITS region diversity and quality of waters 
The ChP station is characterized by the highest variability of the 

population of Synechococccus according to the dimensions of the amplified 
ITS regions of their ribosomal DNA. Two ITS-b amplified (respectively 550 
bp, and 400 bp) regions out of three are present at all stations, while the third 
category only at PCh samples (250 bp). In 2011, the PCh station had the 
lowest level of nitrate. Here, September and October mark the lowest 
concentration level 0.07 mg/l and 0.06 mg/l, respectively. Results report a 
negative correlation between nitrogen concentration and the diversity of 
populations of Synechococcus spp. However, in 2011, the PCh station had the 
highest level of phosphate, especially in September. September marked a high 
wastewater and sewage spill, coming from Golem area. Unfortunately, beach 
was still open. Furthermore, in autumn there is a lower tide of the sea which 
brings more fresh water than marine water in this station. In addition to the 
aforementioned reasons, extra phosphates loads are a means to address algal 
blooming in the PCh station. Results report a positive correlation between 
phosphorus and the diversity of the populations of Synechococcus. Being 
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hypertrophic does not discriminate the PCh station from the others. Regarding 
chlorophyll a– the third indicator–figure 6 does not depict any correlation 
between hypertrophic level based on Chl a content and the ITS diversity of 
picocyanobacteria. 

 
4. DISCUSSIONS  
 
Genetically different populations of picocyanobactieria of genus 

Synechococcus from six stations at the Durrës Bays have been monthly 
investigated basing on 16-23S ITS regions (according to the organizational 
scheme of the cyanobacterial operone of Rocap et al. (2002)). Four regions of 
ITSa and three of ITSb have been amplified. The ITSa fragments could not 
discriminate among the possibly different populations, because they were 
present at all stations of sampling. Three ITSb fragments were found, two 
biggest fragments at all stations, and the third one only at the PCh, 
respectively. Higher phosphate loads, lower nitrate loads at the PCh station, 
and low tide of the sea which brings more fresh water than marine water at 
this station are of great impact for the variability of the population of the 
different stations. The aforementioned results are in line with the results 
reported in (Sharpley et al., 1984, 1995; Tiessen, 1995; Lavin et al., 2008, 
Rocap et al., 2002), which report the presence of different ITS regions at 
cyanobacterial rDNA operon, and emphasize that these organisms can grow in 
low concentrations of nitrogen because they can fix atmospheric nitrogen, 
even if nitrogen is a limiting factor for growth of algae, and that high 
concentration of phosphorous can increase density and diversity of 
cyanobacterial populations.  
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ABSTRACT 
 
The present paper aims to evaluate the changes in frequency and resistance of 

Acinetobacter baumanii to different antimicrobial agents. The bacterial strains here 
involved were isolated from January 2010 to December 2012 in the Hospital's Burn 
Intensive Care Unit (BICU). The strains were mainly isolated from the burn wounds 
and also blood catheters. The susceptibility testing involved the disc diffusion method 
(Kirbi-Bauer), the sensi-test gram-negative (Liofilchem) and partly Witek-2. The 
proportion of Acinetobacter baumanii isolated in the burn unit, increased from 23.6% 
in 2010 to 30.3% in 2011 and to 43.2% in 2012, becoming a very frequent isolate in 
all gram negatives in burn wounds. The resistant rates to imipenem increased from 
20% in 2010 to 90.1% in 2011 and remained in that level throughout 2012. The 
surveillance of antimicrobial susceptibility testing showed a significant increase of 
multi-drug resistant strains of Acinetobacter Baumanii. Known the antimicrobial 
resistance of Acinetobacter, preventing infections from occurring and therapy of 
infections could be followed. Consequently, hospitalization rate would be decreased 
and faster recovery could be obtained.  

Keywords: Acinetobacter baumanii, carbapenems, multidrug resistant, 
susceptibility testing, Intensive Care Unit  

 
1. INTRODUCTION  
 
Acinetobacter is a gram-negative coccobacillus similar in Gram stain to 

Haemophilus influenzae. In culture media the colonies are grey, smaller than 
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enterobacteriacae. It is an opportunistic pathogen. It was considered  until 
recently of low pathogenic potencial, but Acinetobacter  baumanii is now 
considered as an important pathogen implicated in nosocomial  infections 

(Kempf and Rolain 2012), causing a wide spectrum of nosocomial  infections 
such as pneumonia, bacteremia, surgical site infections, secondary  
meningitis, urinary tract infections mostly in patients  with impaired host 
defenses (Basseti et al., 2008 ). 

Multidrug resistant Acinetobacter is not a new or emerging phenomenon; it 
has always been an organism inherently resistant to multiple antibiotics 

(Cunha et al., 2013). Acinetobacter has an intrinsic resistane to the following 
antibiotics: Ampicillin, Amoxicillin-clavulanate, Ceftriaxone, Cefotaxime, 
Ertapenem, Trimethoprim, Fosfomycin (Abbott et al, 2013). Results report 
that Acinetobacter is susceptible to Fosfomycin in vitro. In recent years the 
increasing resistant rate of A. baumanii to a wide range of antibiotics is 
causing serious clinical problems leading to an increase in morbidity and 
mortality (Jung et al, 2010). Carbapenems were considered as antibiotics of 
last resorts in treating infections. Now carbapenem resistance limits treatment 
options in resistant strains as there are few new agents in treating infections. 
In European surveillance of 2009, Acinetobacter spp was implicated in ICU 
acquired infections where carbapenem-resistant isolates in A.baumanii 
appeared to be up to 80%, where the overall rate of imipenem-resistant strains 
were 47.1% (ECDC, 2011) 

 
2. MATERIALS AND METHODS 
 
The bacterial isolates collected from the patients hospitalized at Hospital's 

Burn Intensive Care Unit (BICU), Mother Teresa Hospital Center, Tirana, 
Albania have been investigated between January 2010 and December 2012. 
We studied a total of 381 isolates. More than 80% of acinetobacter isolated in 
our laboratory originated from the BICU. As they grow in aquatic tissues, 
Acinetobacter and Pseudomonas bacteria, find here optimal conditions for 
growth due to extravasal fluids in burn wounds. After 48 hours of 
hospitalization the wounds become colonized with Acinetobacter and 
Pseudomonas. Once Acinetobacter and Pseudomonas are colonized, infection 
occurs in considerable rates (up to 12%) (Belba et al., 2013). 

We cultured the samples in blood-agar and MC conkey. Antibiotics such as 
cehalosporines (ceftazidime, cefuroxime, cefotaxime, ceftriaxone), 
aminoglucosides (amikacine, gentamicine, tobramicine, netilmicine), 
carbapenems (imipenem, meropenem, doripenem), fluoroquinolone 
(ciprofloxacine, levofloxacine, pefloxacine) and some compound agents only 
in 2012 (ampicillin/sulbactam, amoxicillin/clavulanate, 
piperacillin/tazobactam, Ticarcillin/clavulanic acid) monobactams 
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(aztreonam) were used for the susceptibility test. The test involved the Kirbi-
Bauer disk-diffusion agar as defined in the CLSI standards, the sensi test 
gram-negative (Liofilchem) and partly with Vitek 2. 

 
3. RESULTS 
 
Pseudomonas aeruginosa in gram negative and Staphylococcus aureus in 

gram positive have been the predominant bacterial isolates up to 2010. 
Summer of 2010 marked an outbreak of Acinetobacter baumanii and patients 
were hospitalized at the BICU. One of the patient carried acinetobacter as he 
moved from Division of Infectious Diseases (DID) to BICU.  Once the patient 
was admitted at the BICU, the other patients were contaminated. The 
environment was contaminated as well. Correlations were observed between 
temperature increase and rates of Acinetobacter infections (Richet 2012). In a 
study of inpatients from American hospitals, Acinetobacter spp infections 
exhibited the greatest seasonal variations with a 52% increase in the summer 
as compared with the winter months (Eber et al., 2011). In the present 
investigation, more than 50% of the cases of Acinetobacter were isolated in 
summer. In bacterial isolates of the second half of 2010 and especially during 
the hot season Acinetobacter was isolated in burn wounds and blood catheters 
as a dominant isolate where only 20% of the bacteria isolated were resistant to 
imipenem. Those isolates were almost sensible to chloramphenicol (5% 
resistant). It is clear that the enzyme chloramphenicol acetyl-transferase 
responsible for chloramphenicol resistance was not produced in that first 
isolates (Table 1). 

 
Table 1. Resistance(R %) of Acinetobacter to some antibiotics used in 2010 
 

Antibiotics Resistance %  
Imipenem  20 
Carbenicillin 83 
Netilmicin 38 
Chlorampheticol 5 
Trimethoprim-sulfamethoxasole  72 

 
The resistance to these antimicrobials is higher compared with (Lahsoune et 

al., 2007) where the results were netilmicin 17.9%, imipenem 16.1%, tmp-
sulfamethoxasol 75.8%, gentamicin 72.1% 

In 2010 the isolation rate was:  Acinetobacter 23.6%,(26 acinetobacter out 
of 110 isolates) Pseudomonas 36.8%, Staphylococcus aureus 31.1% ,  
enterobacteriacae  8.5%. (Escherichia coli, Proteus, Citrobacter freundi, 
Klebsiella).In 2011, Acinetobacter  comprised 30.3% of isolates and in 2012 , 



2014/Vol.XIX(1) 94 
it comprised 43.2% of isolates.  The rates of the other isolates are in figure1 
depicted. 

 

 
Fig. 1. Trend of pathogens in three years 

 
As we see in the graphics Pseudomonas aeruginosa remains high in 

isolation throughout the investigation period. Acinetobacter has an increasing 
trend and staphylococcus aureus a decreasing one. 

 
Table 3. Resistance of Acinetobacter to antibiotics(R %) between 2010 and 

2012   
 Antibiotics 
Bacterium imipenem gentamicine ceftazidime amikacine cefotaxime ciprofloxacin 
Acinetobacter 2011 90.1 71 76.4 77.7 75 76.4 
Acinetobacter 2012 92 78.1 96.3 91.9 92.1 81.2 

  
Results report that the resistance for all the groups of antibiotics is 

increased. Imipenem has rapidly increased in resistance since 2010—from 
20% in 2010 to 92% in 2012 (Figure2). The results of the present 
investigation are similar with the results reported in (Ting Xu et al, 2013) 
where the resistance to imipenem increased from 14.8% in 2008 to 90.8% in 
2011. Meropenem resistance in 2012 was 37.5%, while doripenem resistance 
in 16 isolates tested in 2012 was 93.7%. The increase of the resistance to 
imipenem and doripenem occurs due to implication of carbapenemases in the 
mechanisms of resistance to Acinetobacter along with other mechanisms, as 
imipenem is used in considerable rates in treating burn patients. 
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Fig. 2. Resistance of Acetinobacter to imipenem. 

 
The resistance rates to other groups of antibiotics such as cephalosporines 

and aminoglucosides increased steadily over the years as compared to the 
rapid increase of resistance to imipenem. 

The resistance to quinolones was different: the resistance to ciprofloxacin 
was high, up to 81.2% while the resistance to levofloxacin and pefloxacin was 
low, 18% and 16%, respectively.  These two antibiotics were not commonly 
used in this hospital. 

As for the compound agents we found that acinetobacter isolated in 2012 
was susceptible to ampicillin/sulbactam; 30% resistant to 
piperacillin/tazobactam, resistant to amoxicillin/clavulanic acid, resistant to 
ticarcillin/clavulanic acid. 

We found Acinetobacter to be susceptible to monobactams (Aztreonam) 
and Fosfomycin and also susceptible to Colistine. 

 
4. DISCUSSION 
 
Acinetobacter species posses an intrinsic resistance to antibiotics and also 

an ability to acquire genes encoding resistance determinants. Among the 
mechanisms of resistance, the production of β-lactamases and aminoglycoside 
–modifying enzymes are important (Bonomo et al, 2006) while 
carbapenemases have an important role too. Other mechanisms include efflux 
pumps, porin deficiency. In different studies we find that mobile genetic 
elements in Acinetobacter are acquired by contact with bacteria such as 
Pseudomonas (Gallego and Towner 2001). In our samples of burn wounds in 
more than 90% of the cases, Acinetobacter and Pseudomonas are co-isolated 
and they both are very resistant to most of antibiotics (posible transposons 
exchanges). 
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Treatment options for A. baumanii 
According to our susceptibility testing, treatment with meropenem or 

piperacillin-tazobactam remains a good choice, while for the resistant strains 
ampicillin-sulbactam, aztreonam, colistine are good alternatives. 
Aminoglycoside agents as Tobramycin and quinolones as Levofloxacin and 
Pefloxacin show efficacy in our testing too. 
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ABSTRACT 
 
The emergence of smart textiles in recent years has revealed the need for 
electroconductive textiles. Characterised by flexibility and cost effectiveness, the 
potential of screen printing textiles with conductive ink is presented in this paper. The 
electroconductive properties of printed textiles are investigated as a means to address 
evaluation of the Temperature Coefficient of Resistance (TCR). 
Key Words: smart textiles, temperature coefficient of resistance (TCR), 
electroconductive textiles 
 

1. INTRODUCTION 
 
Many research papers report on screen printing with conductive silver-

based inks on different textile fabrics (Meoli, 2002; Karaguzel et al., 2005; 
Merilampi et al., 2009; Kim, 2010; Yang et al., 2010) as a means to address 
smart textiles. This technology provides excellent electroconductive 
properties for flexible and lightweight conductive textiles. Furthermore, the 
printed textiles are applicable in the area of textile antennas, feed lines or 
simple one-layer routing structures, electrodes and circuits (Merritt et al., 
2005; Locher and Tröster, 2007). 

In the area of electronics, the variation of electrical resistance with 
temperature of printed thick films is very important and must be taken into 
account by engineers in the design processes. This variation is known as the 
temperature coefficient of resistance (TCR) and is generally expressed in parts 
per million per degree Celsius (ppm/°C). In granular metal films one can 
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distinguish three structural regimes (Coutts, 1974; Wu and Liu, 1983): i) the 
dielectric regime, where the TCR is negative, ii) the transition regime, where 
the TCR is nearly zero and, iii) the metallic regime, where the TCR is 
positive. 

A negative TCR corresponds to a decreasing resistance with increasing 
temperature. Conversely, a positive TCR expresses an increasing resistance 
due to a temperature increase. The ideal TCR equals zero. However, in some 
applications a positive TCR is required for safety reasons (like in most 
household electronics).  

Moreover, the metallic particle size affects the electrical properties. The 
larger the particles the more negative the TCR is (Dziedzic and Golonka 
1988; Boonstra and Mutsaers, 1980). 

Jiang et al. (2010) revealed that the thickness of the film can greatly 
influence its electrical properties. As thickness increases, the TCR shifts from 
a negative value to a positive value. 

As conductive screen-printed textiles are meant for use in the wearable 
electronics, investigation into the relation between resistance and temperature 
is unavoidable. 

In the present research, the temperature coefficient of resistance expresses 
the effect of a changing temperature on the resistance of the screen-printed 
conductive layer on the textile fabric (Dziedzic and Golonka 1988; Kazani et 
al., 2011; Halder and Snyder 1984) and is calculated as follows: 

 

 
 

where R□,max is the square resistance measured at Tmax and R□,min is the 
square resistance measured at Tmin. In order to determine the influence of 
temperature on the Electroconductive properties, the square resistance of these 
electroconductive textiles is measured at different temperatures varying 
between a Tmin of 23°C and a Tmax of 60°C, in steps of about 10°C.  

 
 
2. MATERIALS AND METHODS 
 
2.1 Textile materials 
Reported in Table 1, the selected woven fabrics involved in the present 

investigation are: viscose, polyamide, polyester, aramid, cotton/polyester 1, 
cotton/polyester 2 and polyester/viscose with different physical-mechanical 
properties. 
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Table 1 Properties of selected woven textiles 

 
Yarn Density of fabric1 

Woven textile 
materials 

Warp 
(threads/cm) 

Weft 
(threads/cm) 

The type of 
textile weave2 

Thickness3 
(mm) 

Basis weight4 
(g/m²) 

Viscose  18 11 Plain 1/1 0.488 254 
Polyamide  45 32 Twill 2/2 0.198 99 
Polyester  46 25 Plain 1/1 0.38 163 
Aramid 32 20 Plain 1/1 0.378 191 
Cotton/Polyester 1 46 26 Twill 3/1 0.296 113 
Cotton/Polyester 2 42 29 Twill 3/1 0.414 233 
Polyester/Viscose  45 25 Twill 3/1 0.246 108 

 
2.2 Conductive inks  
Table 2 reports the properties of the commercially available silver-based 

ink from Acheson that was applied in this research.  
 

Table 2 Properties of applied silver-based conductive ink 
 

 Silver-based ink 
Solid content (%) 73.5 – 76 
Cure conditions (120°C) 15 minutes 
Sheet resistance (Ω/□ at 25μm) <0.025 
Resin5 PES 

 
 
2.3 Screen printing 
Squares of 6 x 6 cm were screen printed on the substrates. A screen with a 

polyester mesh of monofilament 90 T, a sieve thickness of 110 μm and a sieve 
opening of 45% was used to achieve an even coverage of ink over the entire 
pattern.  

 
2.4 Electrical characterization 

                                                 
1ISO 7211-2 
2ISO 7211-1 
3ISO 5084 
4ISO 3801 
5Determined by the authors 
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The electroconductive properties of the printed textiles were investigated 

by measuring their direct current (DC) resistance applying the Van Der Pauw 
method. The samples were prepared, as depicted in Figure 1, with four copper 
contacts at the edges A, B, C and D of the printed square. The woven fabric 
was oriented in such a way that AD and BC correspond with the warp 
direction and AB and DC with the weft direction. Figure 2 depicts the heating 
plate manufactured by Temptronic Corporation, model TPO315A-2 where the 
samples were placed for heating purposes (Kazani et al., 2011). The heating 
plate was systematically heated up to 23°C, 30°C, 40°C, 50°C and 60°C. At 
each temperature, the resistance R□ was measured using the Van Der Pauw 
method: a current I was supplied at two contacts, e.g. C and D and the 
resulting voltage drop V was measured at the opposite contacts, e.g. A and B. 
Subsequently, the plate was cooled down and at 50°C, 40°C, 30°C and 23°C, 
I and V were recorded and R□ was calculated. At the intermediate 
temperatures, the plate was allowed to stabilize for about ten minutes upon 
reaching the desired temperature (Halder and Snyder 1984). 

 

 
Fig. 1.The screen-printed sample prepared with four contacts according to the Van Der 

Pauw measurement configuration. 
 

 
 

Fig. 2. Measurements of R□ when the sample is on the heating plate. 
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3. RESULTS AND DISSCUSSION 
 
Table 3 reports the TCR values for the weft direction (C-D). Table 4 

shows TCR values for the warp direction (A-D). In each table, two series of 
TCR values are given: TCR1 expresses the resistance change when the 
temperature is increased and the TCR2 when the temperature is decreased.  

 
Table 3. Calculated values for R□ and TCR in C-D direction (weft) 

 
 R□,min 

(Ω) 
R□,max 
(Ω) 

R□,min       
(Ω) 

TCR1 
(ppm/°C) 

TCR2 
(ppm/°C) 

Viscose  0.0162 0.0175 0.0149 2169 4716 
Polyamide 0.0122 0.0156 0.0131 7532 5158 
Polyester  0.0238 0.0259 0.0239 2385 2262 
Aramid 0.0215 0.0236 0.0209 2640 3492 
Cotton/Polyester 1 0.0599 0.0608 0.0582 406 1207 
Cotton/Polyester 2 0.0272 0.0296 0.0271 2385 2493 
Polyester/Viscose 0.0266 0.0235 0.0239 -3150 -452 

 
Table 4. Calculated values for R□ and TCR in A-D direction (warp) 

 
 R□,min 

(Ω) 
R□,max     
(Ω) 

R□,min 
(Ω) 

TCR1 
(ppm/°C) 

TCR2 
(ppm/°C) 

Viscose  0.0148 0.0161 0.0146 2374 2777 
Polyamide 0.0122 0.0157 0.0129 7754 5866 
Polyester  0.0240 0.0261 0.0239 2365 2488 
Aramid 0.0202 0.0229 0.0208 3613 2729 
Cotton/Polyester 1 0.0583 0.0596 0.0568 603 1332 
Cotton/Polyester 2 0.0271 0.0295 0.0272 2394 2285 
Polyester/Viscose 0.0258 0.0234 0.0257 -2514 -2419 

 
Table 3 and 4 show that for all the materials, the TCR1 and TCR2 are 

different, i.e. the values are not the same when the temperature increases or 
decreases due to hysteresis shown in Graphs 1 to 7.  

Furthermore, the TCR value in weft direction differs from the TCR in 
warp direction, showing anisotropy of the screen-printed samples (Kazani et 
al., 2011). 

The negative TCRs of the screen-printed Polyester/Viscose occur due to 
the thickness of the printed surface. Jiang et al. (2010) showed that as the film 
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thickness increased from 30 nm to 280 nm, the TCR of the samples shifted 
from a negative to a positive value. 

One physical explanation can be that the electric conduction between two 
neighbouring particles is of the order of a few nanometers. For a larger gap, 
electrons can still be transferred from one particle to another by hopping 
between the so-called localised states (Figure 3). 

For this physical explanation a theory can be given for screen-printed 
conductors on ceramic substrates used in electronics.  

 

 
 

Fig. 3. Electron transfer from one particle to another when the gap is larger. 
 

Basing on this theory, the resistance of such a material will be given by: 
 

exp  
 
where  is a constant and T the absolute temperature expressed in 

Kelvin.  
By solving the equation dR/dT =0 one can easily prove that R (T) has a 

minimum for T=Tm. 
Tm is the temperature which is theoretically given by: 

 
 

where α is the decay of the quantum wave function of an electron around 
a localised state,  

k is the Boltzmann constant, 1.38066 x 10-23 J/K and N the density of 
localized states per unit volume and energy. 

 
For T>Tm the resistor will have a positive temperature coefficient and a 

negative one for T<Tm. 
In the present analysis α can be considered as a constant. Localised states 

usually exist as interfaces between crystallites. As a consequence, the 
preparation of the materials can affect the size of the crystallites and hence the 
value N of localised states. Here, the only variable parameter is N. For high 
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values of N, Tm is small and the resistor has a positive temperature coefficient. 
For low values of N negative temperature coefficients can be expected. If N is 
reduced by 50 %, which means that the average distance between the 
localised states is increased by only  the value of Tm will double, 
e.g. from 200 K to 400 K, or the resistor will change from a negative TCR to a 
positive one. 

The slope of the graph of resistance squared versus temperature 
determines the TCR. The figures below visualize the evolution of the square 
resistance with temperature for each textile substrate. 

 
 

 
 

Graph. 1. Resistance plots of screen-printed samples of Viscose 
 

 
 

Graph 2. Resistance plots of screen-printed samples of Polyamide. 
 

 
 

Graph 3. Resistance plots of screen-printed samples of Polyester 
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Graph. 4. Resistance plots of screen-printed samples of Aramid. 
 
 

 
 

Graph. 5. Resistance plots of screen-printed samples of Cotton/Polyester 1. 
 
 

 
 

Graph. 6. Resistance plots of screen-printed samples of Cotton/Polyester 2. 
 

 
 

Graph. 7. Resistance plots of screen-printed samples of Polyester/Viscose. 
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The aforementioned graphs show that resistance of most of materials 
increases as the temperature increases. Alternatively, the conductance of most 
materials decreases as temperature increases. The reason the resistivity 
increases with increasing temperature may be the number of imperfections in 
the atomic lattice structure, that increases with temperature and this hampers 
electron movement. These imperfections include dislocations, vacancies, 
interstitial defects and impurity atoms. 

In addition,Graphs from 1 to 7 along with the table 1 and 2 report that the 
TCR is positive for Viscose, Polyamide, Polyester, Aramid, Cotton/Polyester 
1 and 2, varying from 406 to 7754 ppm/°C and TCR is negative for 
Polyester/Viscose TCR varying from -3150 to -452 ppm/°C. 

The values of the TCRs for the screen-printed samples are high in sign but 
most of them are comparable with thick film materials (Dziedzic and 
Golonka, 1988; Halder and Snyder 1984; Czarczynska 1990; Morten, 1995; 
Scilingo et al., 2003; Prudenziati and Gualtieri 2008; Sibinski, 2010; Sloma 
2010; Sloma, 1011) used in electronics.  

Halder et al. (1984) screen-printed thick film resistors of ruthenium oxide 
(RuO2) on alumina substrates to determine the tunnelling and hopping 
parameters means by the values of TCR. The thick films showed to have 
positive and negative values from -663 to 222 ppm/°C. 

Dziedzic et al., (1988) have examined the electrical properties of iridium 
oxide (IrO2), ruthenium oxide (RuO2) and bismuth ruthenium oxide 
(Bi2Ru2O7) compounds screen-printed on alumina substrates as thick-film 
resistors. The TCR measured for IrO2, RuO2 was highly positive and 
increasing with longer firing time from 1550 to 2150 ppm/°C. It was negative 
for Bi2Ru2O7 and with the prolongation of firing time became more 
negative—varying from -131 to -980 ppm/°C.  

 
Czarczynska et. al., (1990) analyzed the electrical parameters of printed 

carbon/polyesterimide thick film resistors. The values of TCR varied from -
100 to -1300 ppm/ºC. 

Morten et al., (1995) have printed thick film of nickelate (NiCo) pastes on 
glazed alumina meant for sensor for linear displacement. The TCR measured 
for these sensors was approximately 2700 ppm/°C.  

Being the only paper found where information on measurements of TCR 
and ageing of conductive textiles is provided, Scilingo et al. (2003) have 
analyzed the thermal and ageing properties of polypyrrole (PPy) coated 
fabrics used as sensitive glove able to detect the position and the motion of 
fingers. Here, TCR varied from -0.018°C-1 or -18000 ppm/°C to a temperature 
range of 10 to 50°C. The value for this coated fabric is more high and 
negative than in our case, but the authors compare it with ceramic thermistors 
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that have a negative temperature coefficient ranging from -0.03°C-1 to -
0.05°C-1. They also mention that in applications related to the monitoring of 
kinematics of human body segments, temperature variations typically 
encountered do not significantly affect the acquired data.  

Prudenziati et al. (2008) have studied the electrical properties of thermally 
sprayed nickel (Ni) and nickel-chromiumalloy (Ni20Cr) resistors. The TCR 
was measured in the temperature range of 20 to 500°C and the results were 
varying from 180 to 2830 ppm/°C.  

Sibinski et al., (2010) have presented flexible temperature sensors on 
separate yarns for textronic applications. As sensor core they used 
polyvinylidene fluoride fiber in a monofilament structure. Polymer conductive 
pastes based on carbon nanotubes were placed on the fibers to create sensor 
structures. The TCR, measured in the range of temperatures from 20 to 160°C 
in 20 second cycles, were from 1010 - 7500 ppm/K. Strong hysteresis for all 
the samples was noticed, which is similar to our case. 

Sloma (2010) and Sloma et al., (2011) screen-printed thick-films of 
carbon nanotubes (different percentage) for application of transparent 
electrodes and temperature sensors. A significant hysteresis was observed and 
the TCR values were negative and varying from -350 to -2100 ppm/°C 
(Halder and Snyder 1984) and from - 680 ppm/K at T=300 K to -0.162 K-1 at 
T=5 K (Sloma 2010). 

 
4. CONCLUSIONS 
 
Flexible and conductive smart textiles could be obtained from the 

combination of electroconductive inks and textiles. However, the resistance of 
these screen-printed textiles varies with the changing temperature, which is 
expressed in the temperature coefficient of ressitance (TCR). 

The electrical properties of the conductive layer on the printed woven 
fabric samples were evaluated by measuring the square resistance after 
heating up to 60°C and cooling down to 23°C the samples. Anisotropic 
behaviour in the weft and warp direction of the fabrics was observed during 
the measurements. 

From the TCR measurements positive and negative TCR values were 
obtained, comparable with TCR measurements in the field of electronics 
where they are commonly measured. Additionally, hysteresis was also 
observed for most of the samples in weft and warp directions.  
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ABSTRACT 
 
Its high extensibility, tensile strength and other desirable qualities make leather of 
considerable importance for different industrial sectors.  
The present paper provides information about the determination and evaluation of 
extension set of different Albanian leather intended to use in car upholstery and home 
furnishing.  
In the present investigation, the international standard ISO 17236:2002 was followed 
for the determination of extension set. An accurate evaluation of the extension would 
be of great importance for the industry. 
Keywords: leather, extension set, parallel direction, perpendicular direction, 
upholstery, furnishing.  
 

1. INTRODUCTION  
 
Leather is a natural product and is made by converting animal hides and 

skins by means of a tannage, which consists of numerous mechanical and 
chemical operations. 

Physical properties of the animal hides structure and mechanical and 
chemical process applied, make the leather of great interest for different 
sectors. The properties of leather depend on: i) the origin of the raw materials, 
ii) hide preparation process for chemical modification, iii) chemical 
modification process, iv) lubrication process of the leather and, iv) preparation 
process of the surfaces. It is the traditional art craft of leather technologist to 
control the parameters and variables of processing in order to make the leather 
with defined, desired or required properties (Covington 2009). For each 
application the leather of different physical and mechanical properties is 
obtained by means of variation in the processing technology (Milasiene 
2003). 

When hides are converted to leather all non essential parts of the original 
animal hide are removed, leaving only the surface "grain" and the middle 
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"corium" layers. The structure of leather consist of a three dimensional 
network of chemically crosslinked collagen fibres (Sturrock 2004).  

Moreover, it is the remarkable structure of this corium made up of 
millions of microscopic fiber, twisted and interwoven by nature, that gives 
leather its highly tensile strength and other desirable qualities. The weave of 
collagen fibre bundles becomes more compact with age. The strength of the 
leathers is strongly associated with their apparent density wich in turn could 
be related to the compactness of fibre bundle weave in the skin (Wang and 
Attenburrow 1993).  

It is found that on stretching the fibers, a constant extension value was 
reached after some time (Conabere and Hall 1946). Various chemical and 
mechanical processes that the leather undergoes are of great impact for the 
extensibility.  

Extensibility and the tensile strength of leather depend not only on the 
quantity of the oil present in the leather but as well on how far the fatliquoring 
oil has penetrated into the thickness of the weave. These two mechanisms are 
considerable impact for the aforementioned tensile properties of the material. 
Fatliquoring is observed to increase the degree to which fibers pull out at 
break (Makhothe 1997).Tanning effect mainly depends on the extent of cross-
linking between collagen molecules and thermodynamic stability of the cross-
linking bonds (Mahdi 2009). Once the material has been stretched to a 
designated strain and not to failure and released from a stress-strain test, some 
of the total deformation is recovered as elastic deformation. Resiliency is very 
important to automotive upholstery makers because poor recovery from 
deformation creates bagginess in car seats made with upholstery leather (Liu 
2007). Information about the evaluation of the mechanical properties provided 
by tensile testing is in the present paper reported. One important feature for 
leather intended to be used in car upholstery and furnishing is the 
determination of extension set. The minimum extension set of the leather is of 
irreplaceable importance for the car upholstery manufacturing.  

 
2. MATERIALS AND METHODS 
 
The International Standard EN ISO 17236:2002 was followed for the 

determination of extension set. A test piece is repeatedly extended at a 
specified rate until the forces reach a predetermined level and the permanent 
extension is calculated as a percentage of the original length. 

 
2.1 Instruments 
 
Depicted in figure 1, the tensile testing machine type YG026B was used 

for the determination of extension set. Tensile testing machine has a force 



JNTS                                                                                            113
range appropriate for the specimen under test. In addition, the force could be 
accurately recorded in accordance with the international standard EN ISO 
7500-1.  

Jaws have the minimum length of 30 mm in the direction of the applied 
load, designed to apply constant clamping by mechanical or pneumatic means. 
The texture and design of the inside faces of the jaws shall be such that at the 
maximum load attained in the test piece does not slip at either jaw. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Tensile testing machine (YG026B). 
 

2.2 Sampling and preparation of samples 
 
Different leathers of cows, goats and pigs are tested for the resistance and 

the percentage of the extension set. EN ISO 2418 for sampling and EN ISO 
2419 for sample preparation and conditioning were unavoidably followed in 
the present investigation which is based on the standard method.   

The table 1 reports the analysed samples. The labelled samples are 
hereafter referred by leather sample code L-1, L-2, L-3, L-4, L-5, L-6, L-7, L-
8, L-9 and L-10. 
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Table 1. The leather samples analyzed 
 

Index Sample description 
L-1 Black Cow lustred finished leather 
L-2 Black Pig finished Leather 1 
L-3 Black Cow finished leather 1 
L-4 Black Cow finished leather 2 
L-5 Black Goat finished Leather 
L-6 Beige Cow finished leather 
L-7 Black Pig finished Leather 2 
L-8 Orange Cow finished leather 
L-9 Red Cow finished leather 
L-10 Cream Cow finished leather 

 
Six test pieces were cut to the grain surface. Three test pieces were cut 

with the longer edge parallel to the backbone. The three other pieces were cut 
with the longer edge perpendicular to the backbone. The leather samples have 
been conditioned at standard atmosphere conditions (20 ± 2ºC and a relative 
humidity of 65 ± 5 %) for 24 hours. 

Depicted in figure 2, once conditioned, the thickness of the leather 
samples was measured in accordance with EN ISO 2589. Results report that 
thickness of the leather is quite variable. Leather L-4 has the highest value 
(1.867 mm) and leather L-2 has the lowest value (0.646 mm). 
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Fig. 2. The thickness of leather samples analyzed. 
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2.3 Method  
 
A line of 35 ± 5 mm from each short edge of the test piece with the line 

parallel to the short edges was marked for each leather sample. 
Once the line was marked, the distance L0, between the two lines to the 

nearest 1 mm was measured. 
The jaws of the tensile testing machine 200 mm were set apart. Once set 

apart, the test piece were clamped in the jaws such that the short edges of the 
test piece are parallel to the edges of the jaws, and about 25 mm of the test 
piece is clamped in each jaw.  

Once the test piece is clamped with its grain and the surface lies in one 
plane, the tensile testing machine is run until a load of 20.0 N ± 0.5 N could 
be reached. Stop the crosshead and keep it stopped in that position for 10 ± 1s 
follows immediately after. Then we return the crosshead to its start position 
and repeat this in two steps so that the test piece is subjected to a total of 5 
extension cycles. 

The test piece from the tensile test machine was removed immediately 
after the final load cycle and the test piece is laid on a flat surface with the 
lines applied parallel to the short edges 60 ± 5 s. After this, the test piece is 
removed from the tensile tester and the distance, L1, between the lines to the 
nearest 1 mm is measured. 

The percentage extension set, Es shall be calculated using the formula: 
 

          1 0

0

( ) 100L L x
Es

L
−

=       (1) 

 
Where: 
L1- is the final distance between the marks, in millimetres measured after 

testing 
L0- the final distance between the marks, in millimetres measured before 

testing 
 
3. RESULTS AND DISSCUSSION  
 
Once thickness test is carried out, extension set could be evaluated. The 

results of the mean value for the distance L0 and L1 for six test pieces in two 
direction parallel and perpendicular with the backbone are in figure 3 
depicted. 
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Fig. 3. Determination of L0 and L1 in parallel direction with the backbone. 
 
The sample L-5 has the highest value of the distance before and after 

testing in parallel direction with L0 (196mm) and L1 (196mm). The sample L-
4 has the lowest value in the same direction with L0 (180 mm) and L1 (184.3 
mm).  

The samples L-2 and L-7 (which belongs to pigs leather) have low values 
of L0 (180.3 mm, 180 mm) and L1 (189mm, 189mm) in parallel direction. 
Fibres orientation, the part where the leather is taken are of great impact for 
the values as here values of thicknesses and elasticity are low. 
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Fig.4. Determination of L0 and L1 in perpendicular direction with the backbone. 

 
Figure 4 depicts the L-5 with the highest value of the distance before and 

after testing in perpendicular direction with L0 (206mm) and L1 (206mm) The 
samples L-2 have the lowest value in this direction of L0 (179.3mm) and 
L1(184.3mm).  

Again, the variability depends strongly on thickness, orientation of fibres 
and extendibility of the leathers. 

Samples from L-1 to L-10 (excluding L-2, L-5, L-7) have natural 
variation for each leather and different values of extension in both directions. 
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The aforementioned features depending on which part the leather is taken, 
orientation of the fibres and higher values of thickness comparing with the 
other types of leather. In adddition to the aforementioned factors, fatliquoring 
and elasticity of the leather are of great impact to the extension set .  

The percentage extension set, Es is calculated using the formula (1) and 
the percentage of the extension set values in both directions are in figure 5 
depicted. 
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Fig. 5. The graphic of the extension set in parallel and perpendicular direction with the 

backbone. 
 
Figure 5 depicts low values extension set in parallel direction and high 

values of extension in perpendicular direction for most of the tested leathers.  
The L-5, has the highest values in both directions. The L-8 has the lowest 

value of Es in parallel direction (1.66 %) and L-2 has the lowest value of Es in 
perpendicular direction (2.04%). However, the extension at which leather fails 
does not depend on the degree to which the collagen cross-links are broken. 
Hence, when the leather is deformed by the application of the stress, the load 
is applied directly on the collagen fibre network. The failure of the leather 
may be result of the breakage of the fibre bundle, the slip of the fibre bundle 
or both. 

The comparison of the extension of the leathers due to the applied stress 
varies from the leather to leather depending on various factors including the 
composition of the non-collagenous compound, elastic content and the fibre 
weave of the collagenous network (Arumugam 1994). Furthermore the 
orientation of fibres and fatliquoring are of great impact for the extensions 
values. 

It is found that fatliquoring lubricates and opens up the fibre structure and 
thereby makes the weave more extensible (Makhothe, 1997). The increase in 

Es⊥ Es||
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the extensibility depends on the direction in which samples are cut and 
therefore the manner in which the fibres are orientated.  

 
4. CONCLUSIONS 
 
Different types of leather have diffrent extension set.  
Results report that the values of extension from the same kind of leather 

are different in parallel and perpendicular direction. Generally, the low values 
of Es (%) are in the parallel direction. 

The raw material used for upholstery predominantly comes from hides 
that have a low value of exension set. The extension of the leather depends on 
which part the leather covered, orientation of the fibres, fatliquoring and the 
elasticity of the leather.  

Samples L-1, L-3, L-4, L-6, L-8, L-9 and L-10 — cow leathers— have 
higher values of thickness, the lowest values of extension and a good 
elasticity especially in parallel direction, comparing with the other types of 
leathers.  

Albanian cows leathers in parallel direction are moderately extensible and 
suitable in the manufacturing of products that need to be able to withstand 
repeated loading. 
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ABSTRACT 
 
The daily operation and thermodynamic properties of the liquid flat are in the present 
paper investigated. The data were collected during a clear-day, in summer and winter. 
The first law thermodynamics was applied when evaluating the thermal efficiency of 
the liquid flat plate solar collector. Thermal efficiency of the liquid flat plate solar 
collectors during its daily operation in summer and winter was evaluated basing on 
the data obtained from the acquisition and storage system.  
Keywords: flat plate solar collector, global solar irradiance, clear days, thermal 
efficiency, daily efficiency. 

 
1. INTRODUCTION 
 
Utilization of solar energy differs from one country to another due to solar 

irradiation potential, application type, system type and solar collector type. 
However, using solar energy is of great benefit for the environment as it does 
not cause pollution and the economy due to costless services. Therefore, using 
solar water heating systems would be of great benefit. 

The cumulative number of solar water heating systems installed in 
Albania was 11860 by the end of 2011. According to the installed area in the 
national level, glazed flat plate solar collectors constitute around 99.29% of 
the total of the installed systems, or  m2 (Mauthner and Weiss 
2013). The main reason for this prevalence is because they are relatively 
cheaper than evacuated solar tube collectors. 
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Thermal performance of the exploited solar collector is very important for 

practical applications of solar water heating systems. The following paragraph 
provides information about investigations carried out from different authors: 

Zambolin and Del Col (2010) followed the EN 12975-2 standard for the 
steady-state and quasi-dynamic efficiency tests. Ayompe and Duffy (2013) 
analyzed the thermal performance of a SWH system equipped with flat plate 
collectors in a temperate climate. Wolf et al., (1981) carried out sensitivity 
studies to determine the effect of several parameters (fluid flow rate, plate 
absorptance, plate emmitance, insulation thickness, etc.) on the performance 
of a single-glazed solar collector. Mintsa de Ondo et al., (2013) evaluated 
numerically the influence of designing parameters and operating conditions 
on the performance of a polymer flat plate solar collector. Hamed et al., 
(2014) performed a numerical investigation of flat plate solar collectors to 
determine their optimal performance and design parameters. Hammad (1995) 
studied the performance of a flat plate solar collector cooled by a set of heat 
pipes. Rodriguez-Hidalgo et al., (2012) carried out a study with a building 
experimental solar facility equipped with flat plate solar collectors. Hahne 
(1985) calculated the efficiency and the warming-up time of flat plate water 
collectors under steady-state and transient state conditions. Del Col et al., 
(2013) studied the performance of a prototype glazed flat plate solar collector 
with roll-bond absorber. Cristofari et al., (2002) studied the performance of a 
solar flat-plate thermal collector wholly manufactured in a copolymer 
material. Cristofari et al., (2003) used a thermal model of finite differences. 
Fischer et al., (2004) presented the improved approach to outdoor 
performance testing of solar thermal collectors under quasi-dynamic test 
conditions. 

The present paper investigates the energy performance of a flat plate solar 
during the daily operation in clear days, in summer and winter. Here, the First 
Law of Thermodynamics is followed. In addition, the effect of the most 
important parameters on the instantaneous value of thermal efficiency of the 
selected flat plate solar collector is considered. 

 
2. Description of the system 
 
Figure 1 depicts the solar water heating system used in the present 

investigation. It is installed in the premises of the Department of Energy, 
Faculty of Mechanical Engineering, Polytechnic University of Tirana, 
Albania. 

 
 
 
 



JNTS                                                                                            123
 

 
 

Fig. 1. External part of the exploited system. 

 
Flat plate solar collectors in the present investigation used are of selective 

type and produced by Isofoton (Spain). They are designed to be integrated in 
the solar thermal applications in residential, service and industrial sector. 
Table 1 reports the main technical characteristics collector (Isofoton, 2010). 

 
Table 1. Main technical characteristics of Isofoton flat plate solar collector 

 
Characteristics Values 

Total length (m) 2.278 
Total width (m) 1.075 

Absorber area (m2) 2.205 
Transmittance of the cover (-) 0.91 
Absorptance of the plate (-) 0.95±2% 

Emittance of the plate (-) 0.05±2% 
Zero loss efficiency (-) 0.773 

Linear heat loss coefficient (W/(m2·K)) 3.243 
Nonlinear heat loss coefficient (W/(m2·K2)) 0.014 

 
In the present paper, a solar water heating system with forced circulation 

is investigated. The main components of the solar water heating system 
utilized in this work and the sensor placement are in Fig. 2 depicted. The 
system is equipped with two selective solar flat plate collectors (No.1 in Fig. 



2014/Vol.XIX(1) 124 

2) connected in parallel. The collectors slope is 45° and the azimuthal angle is 
-10°.  

A mixture of water and propylene glycol in 40% concentration is used as 
a heat transfer fluid. This mixture avoids problems related to freezing of the 
heat transfer fluid in low temperatures and those related to the corrosion of 
system components. The circulation of the heat transfer fluid is achieved by a 
solar pump, which turns on when the appointed temperature difference of 5°C 
is achieved. The temperature difference is monitored at the control system 
(No.2 in Fig. 2). Once returned from the solar collectors, the heat transfer 
fluid enters a hot water accumulator. Flowing in an internal spiral tube, it 
gives its heat to the sanitary water. The measurement of temperatures is 
achieved by using thermocouples S2, S3, and S4 (PT1000) (Fig. 2). The 
measurement of global solar irradiance on the tilted solar collector surface is 
realised using the sensor S1 (Fig. 2), which is a solar cell (CS10). The 
collected data during the daily operation are transferred from the control 
system to the data collecting system (Nr.3 in Fig. 2). Maraj et al., (2011) 
elaborated them using appropriate softwares (No. 4 in Fig. 2). 

 

 
 

Fig. 2. Main components and utilized sensors of the solar water heating system 

 
3. Mathematical model 
 
The solar collector is the most important component of a solar water 

heating system. Its main function is to collect the solar irradiation, convert it 
into heat and further to transfer heat to the working fluid. The First Law of 
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Thermodynamics was followed for the investigation of the energy during the 
daily operation of the flat plate solar collector. Technical characteristics of the 
exploited flat plate solar collector are given above. 

Collection efficiency is a measure of collector performance. It is defined 
as the ratio of the useful energy gain over some specified time period to the 
incident solar energy over the same period and is given as (Duffie and 
Beckman, 2013): 

 

      (1) 
 
where: 

- efficiency (%) 
- useful energy gain (W) 
- collector area (m2) 
- total solar irradiance (W/m2) 

- time (s). 
 
This way, the instantaneous efficiency of solar energy conversion to 

useful thermal energy is given as (Duffie and Beckman, 2013): 
 

      (2) 
 
where: 

- instantaneous efficiency (%) 
- mass flow rate (kg/s) 
- fluid specific heat (kJ/(kg·K)) 
- outlet temperature (K) 
- inlet temperature (K). 

 
4. RESULTS AND DISCUSSIONS 
 
A clear-days analysis for both winter and summer with regard to liquid 

flat plate solar collector during their daily operation is carried out. The 
investigation is based on the mathematical model and the data were obtained 
from sensors placed in different points of the system. The installed system on 
the roof of the Faculty of Mechanical Engineering, Polytechnic University of 
Tirana, Albania is equipped with two flat plate solar collectors connected in 
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parallel. To simplify the calculations, it is assumed having a unique collector 
with surface area of  m2. 

Global solar irradiance on the tilted solar collector surface, ambient 
temperature near the collector, mass flow rate of heat transfer fluid through 
the collector, and the temperature of heat transfer fluid at inlet and outlet of 
the collector are in the present investigation measured. These parameters are 
provided from the database built through the utilization of a data collecting 
system, which is installed in the premises of the Department of Energy, 
Polytechnic University of Tirana, Albania. From the recorded measurements 
available in the system database, the chosen days represent typical clear days 
for the summer and the winter season. This is related to the values of global 
solar irradiance for the selected days in these seasons. 

In graph 1, the values of global solar irradiance on the tilted solar 
collector surface and ambient temperature near the collector are depicted. 
They refer to the selected days, June 15.2013 and December 27.2011. 

The global solar irradiance on tilted collector surface continuing to 
increase after the sunrise (in a clear day) is in the graphs plotted. Near the 
midday, this quantity achieves its maximum value and later it diminishes 
gradually. In the selected day for the summer season (day ), the Sun rises at 
05:10 h (standard time) and sets at 20:20 h. In the present investigation, the 
standard time is used. In the selected day for the winter season (day ), the 
Sun rises at 07:00 h and sets at 16:25 h. The maximum value of global solar 
irradiance on the tilted solar collector surface for the day  is  
W/m2 at 12:15 h. Its value for the day  is  W/m2 at 11:15 h. 
Global daily solar radiation on tilted collector surface for the day  is 

 kWh/(m2·day). Its value for the day  is  
kWh/(m2·day). 

For the day  the minimum ambient temperature near the collector is 
 °C at 05:00 h. Its maximum value is  °C at 12:55 

h. The average value for day  was  °C. For day , we have 
the minimum  °C at 06:15 h, the maximum  °C at 
12:25 h, and the average  °C. The graphs clearly plot the effect of 
solar irradiance on ambient temperature. 
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Graph 1. Global solar irradiance and ambient temperature for selected days. 
 
The graph 2 plots the effect of mass flow rate through the flat plate solar 

collector tubes and the global solar irradiance on tilted collector surface on the 
thermal efficiency for the day . Results report that the thermal efficiency of 
the flat solar collector undergoes several fluctuations of ±15 %. The time 
interval is , as accurate investigation of occurrences and 
proper analysis could run. Results report that the continuous increase of the 
global solar irradiance is followed by the increase of the mass flow rate of the 
heat transfer fluid. In addition, fluctuations of the mass flow rate fits with 
fluctuations of the thermal efficiency during the major part of the day. As the 
global solar irradiance achieves its highest values during the midday hours, 
the thermal efficiency diminishes because the related temperatures achieve 
their highest designed values. In addition, global solar irradiance is of greatest 
impact for the thermal efficiency of the flat plate solar collector because its 
magnitude is several times higher than the magnitude of the mass flow rate. 
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Graph 2. The effect of mass flow rate, global solar irradiance on thermal efficiency 

during the day . 
 
The graphic 3 plots the effect of the temperature difference of the heat 

transfer fluid between the outlet and the inlet of the flat plate solar collector 
 during the selected time interval on the thermal efficiency for 

the day . During this day, its minimum value is  °C at 08:25 
h. Its maximum value is  °C at 14:40 h. Results report that the 
fluctuations of the temperature difference of the heat transfer fluid between 
the outlet and the inlet of the flat plate solar collector has a stronger impact on 
the thermal efficiency values only during the second part of the day, as here 
the global solar irradiance reduces showing its impact on the thermal 
efficiency evaluation. 

 
Graph 3. The effect of temperature difference of heat transfer fluid on thermal efficiency 

during the day . 
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The graphic 4 plots the effect of mass flow rate through the flat plate solar 

collector tubes and the global solar irradiance on tilted collector surface on the 
thermal efficiency for the day . It is noticed the heat transfer fluid starts to 
flow through the tubes of the flat solar collector at 08:40 h and ends at 15:35 
h. During this time interval, thermal efficiency values of the flat solar 
collector undergoes several fluctuations of ±16 %. As the global solar 
irradiance increases in the midday , the mass flow rate of the heat transfer 
fluid increases. In the other parts of the day where lower values of the global 
solar irradiance on tilted collector surface are present, increment of the mass 
flow rate of the heat transfer fluid is obtained because the temperature of the 
heat transfer fluid of the outlet of the flat plate solar collector differs from the 
temperature of the inlet of the flat plate solar collector. 

The fluctuations of the mass flow rate show a modest impact on the 
fluctuations of thermal efficiency of the flat plate solar collector. Even for the 
day , values of the global solar irradiance show the main influence on the 
values of thermal efficiency of the flat plate solar collector. 

 

 
 

Graph 4. The effect of mass flow rate, global solar irradiance on thermal efficiency 
during the day  

 
The graphic 5 plots the impact of the temperature difference of the heat 

transfer fluid between the outlet and the inlet of the flat plate solar collector 
during the selected time interval on the thermal efficiency for the day . 
During this day, its minimum value was  °C at 15:30 h. Its 
maximum value is  °C at 13:00 h. Results report that the 
fluctuations of the temperature difference of the heat transfer fluid between 
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the outlet and the inlet of the flat plate solar collector are of a stronger impact 
for the thermal efficiency values, only during the first part of the day as a 
result of highest values of the mass flow rate of the heat transfer fluid through 
the solar collector at this part of the day. The increment of thermal efficiency 
values during the second part of the day  are mainly related with the 
continuous reduction of the global solar irradiance values and their weight in 
the expression (2). 

 

 
 

Graphic 5. The effect of temperature difference of heat transfer fluid on thermal 
efficiency during the day  

 
The graphic 6 plots the thermal efficiency curves of flat plate solar 

collector during their daily operation in typical selected days for the summer 
and the winter season. Values of the thermal efficiency undergo several 
fluctuations which are related with the summarized effect of global solar 
irradiance on tilted collector surface, ambient temperature near the collector, 
mass flow rate through the collector tubes, and temperature difference of the 
heat transfer fluid between the outlet and the inlet of the collector. Their 
influence is taken into consideration through expression (2). 

For day  it is noticed that the minimum value of the thermal efficiency 
of flat plate solar collector is  at 13:55 h. Its maximum value is 

 at 15:25 h. Here, the flat plate solar collector starts to 
generate heat 20-min earlier and continues 35 min later compared to the day 

 because of the higher values and the longer duration of global solar 
irradiance during the summer season. 

For day  it is noticed that the minimum value of the thermal efficiency 
of flat plate solar collector was  at 12:30 h. While its 
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maximum values, was  at 15:30 h. The time period during 
which the flat plate solar collector generates heat is -min shorter, 
compared to the day . 

For the selected typical clear day in the summer season, the day-long flat 
plate solar collector efficiency during the time interval  is 

. While, for the typical clear day in the winter season and during 
the operating interval it is . This difference in the day-long flat 
plate solar collector efficiency highlights the effect of global solar irradiance 
on tilted collector surface and ambient temperature near the collector. 

 

 
 

Graphic 6. Thermal efficiency curves for the selected typical days in the summer and in 
the winter season. 

 
The global solar irradiance and the ambient temperature near the collector 

represent the main influence in the magnitude of thermal efficiency of flat 
plate solar collector. The temperature difference of heat transfer fluid between 
the outlet and the inlet of the flat plate solar collector and the mass flow rate 
represent a smaller influence because of their magnitude and fluctuations 
during the considered time interval. 

 
5. CONCLUSIONS 
 
A clear-days analysis for both winter and summer with regard to liquid 

flat plate solar collector during their daily operation is carried out. The impact 
the different parameters have on thermal efficiency of a flat plate liquid solar 
collector during its daily operation is here reported.  
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The results obtained for the global solar irradiance on the tilted solar 

collector surface highlight the solar radiation potential for hot water 
production in Tirana region. Global daily solar radiation on tilted collector 
surface for day  (15 June) is  kWh/(m2·day), while for day 

 (27 December) is  kWh/(m2·day). 
Global solar irradiance on the tilted solar collector surface has the main 

impact on the magnitude of thermal efficiency of the flat plate solar collector 
during their daily operation. 

The fluctuations of ambient temperature near the collector, temperature 
difference of heat transfer fluid between the outlet and the inlet of the flat 
plate solar collector, and the mass flow rate are of a smaller impact on the 
magnitude of thermal efficiency of flat plate solar collector. 

For the selected typical clear summer  and winter days , the values 
of thermal efficiency during their daily operation are  and 

 respectively. 
The reduction of ambient temperature near the collector in the winter 

season induces higher heat losses from the flat plate solar collector and the 
diminution of their day-long efficiency. 
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ABSTRACT 
 
Continuous positive airway pressure (CPAP) is a non-invasive treatment in preterm 
newborns with respiratory distress syndrome (RDS). However, some preterm infants 
fail with CPAP treatment.  
In the present investigation, the Bubble and Biphasic NCPAP are used to evaluate the 
risk factors and neonatal outcomes associated with Nasal CPAP (NCPAP) failure in 
preterm newborns with RDS.  
This is a prospective randomized study that involved 200 infants with gestational age 
(GA) 28-35 weeks, treated for RDS. They were assigned to Bubble NCPAP (n=100) 
and Biphasic NCPAP (Infant Flow) (n=100), using short bi-nasal prongs. Data about 
gender, way of delivery, gestational age, birth weight, Apgar score at 1st and 5th min., 
need for resuscitation, antenatal corticosteroids and Surfactant use were recorded. 
Need for ventilation (CPAP failure), incidence of air leaks, incidence of 
intraventricular hemorrhage (IVH) and persistent ductus arteriosus (PDA), FiO2 at 
admission, mortality rate were measured. The relation between CPAP failure and 
gestational age, way of delivery, need for resuscitation, corticosteroids and surfactant 
use; was in the present paper investigated. In addition, relation between 
pneumothorax, IVH, PDA, FiO2 demand and CPAP failure was assessed. 
Divided into two groups, the newborns had similar characteristics (gender, way of 
delivery, gestational age, birth weight, Apgar index, corticosteroids, Surfactant use); p 
> 0.05.  
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Results report that CPAP failure was 20/100 in Bubble vs 20/100 in IF CPAP; 
pneumothorax 4/100 vs 4/100; IVH 12/100 vs 11/100; PDA 19/100 vs 18/100; FiO2 at 
admission 0.4 ± 0.1 vs 0.3 ± 0.1; mortality rate 8/100 vs 10/100 (p>0.05). 
Using binary logistic regression analysis, CPAP failure resulted moderately related 
with lower gestational age [Od 1.26 CI 95%: 0.38-4.21] (p=0.07); CPAP failure was 
moderately related with the need for resuscitation after birth (p=0.056); no statistic 
relation was found with way of delivery, corticosteroids and Surfactant use. Infants 
with pneumothorax and IVH had significantly higher risk for CPAP failure [Od=3.35, 
CI95% :1.29-5.84] (p=0.002), [Od=6.8, CI95% : 2.06-7.96] (p=0.002); persistent 
ductus arteriosus  moderately increased risk for CPAP failure [Od=2.89, CI95% 
:0.99-4.05]  (p=0.61); every increase in FiO2 was moderately related with CPAP 
failure [Od=2.42, CI95% :1.00-3.62] (p=0.057).    
Factors that can predict CPAP treatment failure in preterm newborns with RDS are 
extreme prematurity, need for resuscitation, higher FiO2 requirement, severe 
complications as pneumothorax and intraventricular hemorrhage. 
 

 
1. INTRODUCTION 
 
Respiratory distress syndrome (RDS) is an important cause of morbidity 

and mortality in preterm infants (Polin and Sahni, 2002; Goldsmith and 
Karotkin 1996; Kallapur and Ikegami 2000). Positive pressure ventilation and 
surfactant replacement are the standard treatments for infants with moderate 
and severe disease. However, ventilator-induced lung injury should be 
avoided to reduce the incidence of chronic lung disease. So, gentle ventilation 
strategies, among them Nasal CPAP, are in use to reduce CLD in preterm 
infants (Espagne and Hascoet 2002; Goldsmith and Karotkin 1996; Jonsson et 
al., 1997; Kamper et al., 1993). But in some of infants treated we face early 
CPAP failure (Bancalari et al., 2003; Gittermann et al., 1997). 

The present investigation aims at investigating the factors that can 
distinguish infants successfully treated from infants who fail in NCPAP. In 
addition, efforts to predict which infants can fail in CPAP have been made. 

 
2. MATERIALS AND METHODS 
 
We ran a prospective randomized study from January 2011 to March 

2013, in the tertiary level neonatal intensive care unit (NICU) in Tirana, 
Albania. In the present study, infants between 28-35 weeks gestational age, 
inborn, affected by respiratory distress in the first 6 hours of life were 
considered and treated with NCPAP, two different techniques. Bubble 
continuous positive airway pressure (CPAP) is the conventional CPAP with 
continuous flow; it is inexpensive and easy to adapt for newborns. Biphasic 
NCPAP (Infant Flow CPAP) is an alternative of NCPAP which offers two 
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levels of CPAP to recruit unstable alveoli and prevent the alveolar collapse. It 
can reduce the variations in airway pressure. The constancy of continuous 
distending pressure in CPAP during the respiratory cycle is fundamental for 
restoring the functional residual capacity and for reducing the work of 
breathing.  

We excluded from the study infants with severe congenital anomalies, 
infants that required intubation in the delivery room. We got written informed 
parental consent and the intervention was approved by the Hospital Ethics 
Committee. Respiratory distress was defined by clinical and radiological 
criteria and by the Silverman index of RDS severity. Steroids were 
administered to mother following the prenatal unit protocol. 

After delivery all infants underwent similar interventions: transport from 
the delivery room to NICU in about 5 minutes in transport incubator with 
available oxygen supply, stabilization in NICU following the protocol, 
oxygen supply to maintain an oxygen saturation (SpO2) of 85 to 93% 
(following the protocol). The respective preterm newborns were numbered 
after birth and were randomized to Bubble NCPAP group (group A) or 
Biphasic NCPAP Infant Flow (group B). We adjusted these parameters: depth 
in water, fraction of inspired oxygen, lower CPAP level, upper CPAP level, 
mean airway pressure (MAP). We used short binasal prongs in both groups. If 
the newborn met the criteria of the NICU endotracheal porcine natural 
surfactant (Curosurf 100mg/kg) was administered with the INSURE method.  

CPAP was discontinued when newborns with sufficient respiratory effort 
had Fi02< 0.30, PEEP < 3 cm H2O, Pa02>50mmHg and PaC02< 65mm Hg. 

Infants were subdivided into “CPAP success” group where infants were 
successfully treated for at least 72 hours and a “CPAP failure” group where 
infants required intubation for respiratory failure within first 72 hours of life 
(FiO2 requirement > 0.6, pH < 7.2 and PaCO2 > 65mmHg). Gender, way of 
delivery, gestational age, birth weight, Apgar score at 1st and 5th minute, need 
for resuscitation, antenatal corticosteroids and Surfactant use are in the 
present paper investigated.  In addition, need for ventilation (CPAP failure), 
incidence of air leaks, incidence of intraventricular hemorrhage (IVH) and 
persistent ductus arteriosus (PDA), FiO2 at admission, mortality rate have 
been recorded. Moreover, relation between CPAP failure and gestational age, 
way of delivery, need for resuscitation, corticosteroids and surfactant use were 
studied; and relation between pneumothorax, IVH, PDA, FiO2 demand and 
CPAP failure was also assessed. 

 
Data collection and statistic analysis  
Categorical outcomes were presented in percentages and were tested 

using Chi-square test. Continuous variables were presented as mean ± 
standard deviation (SD). 
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Differences between continuous variables were analyzed with T Student’s 

test. All data were analyzed using Statistic System SPSS 19.0. The level of 
significance was set to p ≤  0.05. 

 
Prediction of early CPAP failure 
Many of the variables used are not normally distributed, so we calculated 

median values and their corresponding 95% CI for each group. To evaluate 
possible associations between CPAP failure and variables we performed 
multivariate analyses using binary logistic regression. Non significant terms 
were removed sequentially from logistic models and the results recalculated at 
each removal. We analyzed the variables that are strongly associated with 
early CPAP failure (GA, BW, FiO2 at admission) available at birth or 
immediately thereafter to construct models that can predict early CPAP 
failure; and variables that can predict later CPAP failure.  

 
3. RESULTS 
 
Two-hundred newborns are involved in the present study. They were 

randomized to group A (Bubble NCPAP) (n=100) and group B (Biphasic 
Infant Flow NCPAP) (n=100).  

Table 1 reports that the newborns had similar clinical characteristics. 
 

Table 1. Clinical characteristics 
 

 
Clinical characteristics  Bubble (n=100) Infant (n=100)  

 
p value 

Gender M 65 (65%) 49 (49%) Chi-square  

 F 35 (35%) 51 (51%) 0.147 0.61 

      

Birth vaginal 42 (42%) 41 (41 %) Chi-square 
 
0.567 

 C.S. 58 (58%) 59 (59%) 0.121  

Gestational Age  32.06 ±1.91 32.13±1.95 t = - 0.241 
 
0.810 

      
Birth weight   
  

1786.00 ± 439.22 1739.60 ± 484.52 t = 0.710 0.479 

Apgar 1st  7.06±1.57 6.72±1.78 t = 1.435 0.153 

      

 Apgar 5 th  8.43±0.84 8.23±0.90 t = 1.624 0.106 

  
  

 
 

 Corticosteroids    Yes 57 (57%) 60 (60%) 
 
Chi-square 

 
0.387 
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    No 43 (43%) 40 (40%) 0.185 
 

 
 Resuscitation   
 

 Yes 
  no        

12 (12 %) 
88 (88 %) 

21 (21%) 
79 (79%) 

Chi-square 
2.94 

 
0.063 

      
  Surfactant    yes 
                      No  

36 (36%) 
74 (74%) 

27 (27%) 
73 (73%) 

Chi-square 
1.887 

0.112 

 
With 40 (20%) patients requiring mechanical ventilation for respiratory 

failure (the CPAP- failure group), 160 (80%) were successfully treated with 
NCPAP (the CPAP-success group). 

 
Table 2. Outcomes 

 
  Bubble 

CPAP 
Infant 
Flow 
CPAP 

Chi- 
square 

P value 

 
CPAP failure (%) 
Pneumothorax (%) 
Persistent ductus arteriosus 
(%) 
Intraventricular hemorrhage 
(%) 
FiO2 on admission 
Mortality (%) 

 
20 (20%) 
4 (4 %) 

19 (19%) 
 

12 (12%) 
0.4±0.1 
8 (8%) 

 
20 (20%) 
4 (4 %) 

18 (18%) 
 

11 (11%) 
0.3±0.1 

10 (10%) 

 
1.23 
1.38 
0.033 

 
0.049 

 
0.244 

 
0.86 
0.64 
0.5 

 
0.5 

0.658 
0.403 

 
Table 3. Correlation between CPAP failure (yes vs no) and independent 

variables 
 
Independent variables OD CI 95% P value 
Gestational age 1.26 0.38 4.21 0.07 

Birth weight 1.16 0.74 1.83 0.498 

Way of delivery (cesarean sect.) 1.04 0.39 2.78 0.926 

Corticosteroids (no) 2.29 0.77 6.80 0.132 

Resuscitation  3.05 0.10 1.03 0.056 

Surfactant (no) 1.95 0.16 5.66 0.251 

Persistent ductus arteriosus (yes) 2.89 0.99 4.05 0.061 

Pneumothorax (yes) 3.35 1.29 5.84 0.002* 

Intraventricular hemorrhage 
(yes) 

6.80 2.06 7.96 0.002* 

FiO2 at admission 2.42 1.00 3.62 0.07 
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In multivariate analyses controlled for GA, BW and gender, none of these 

risk factors was associated with CPAP failure: cesarean section, maternal 
corticosteroids, birth weight, Surfactant use. 

CPAP failure is moderately related with need for resuscitation after birth ( 
p=0.056). 

Median 1st minute Apgar scores were significantly lower in the CPAP-
failure group than in CPAP-success group. 

The median of FiO2 at admission differed between CPAP failure and 
CPAP success group: every increase in FiO2 was moderately related with 
CPAP failure [Od=2.42, CI95%:1.00-3.62] (p=0.057).   

Infants with pneumothorax and IVH had significantly higher risk for 
CPAP failure [Od=3.35, CI95% :1.29-5.84] (p=0.002), [Od=6.8, CI95% : 
2.06-7.96] (p=0.002); persistent ductus arteriosus  moderately increased risk 
for CPAP failure [Od=2.89, CI95% :0.99-4.05]  (p=0.61). 

Significantly higher rates of pneumothorax, IVH were associated with 
CPAP failure compared with CPAP success. 

 
4. DISCUSSION 
 
NCPAP treatment is associated with reduced need for intubation and a 

lower incidence of CLD (Bancalari et al., 2003).  Infants who succeed on 
CPAP have lower mortality rates, IVH, ROP (Bancalari et al., 2003; Espagne 
and Hascoet 2002; Gittermann et al., 1997; et al., 2000; Narendran et al., 
2003). Although many retrospective studies attest to the effectiveness of 
different nasal CPAP in the management of RDS in preterm infants (Boo et 
al., 2000; Blenow et al., 1999; De Klerk and De Klerk 2001; Espagne and 
Hascoet 2002; Narendran and Donovan, 2003; Kero and Makinen 1979), no 
randomized prospective controlled trials compare their outcomes. NCPAP is 
the initial ventilator support for all spontaneously breathing preterm infants 
(Wung 1993; Lundstrom 1996).  In the present study, 80 % of spontaneously 
breathing infants were treated successfully with nasal CPAP. Few studies 
have analyzed factors that might predict CPAP failure in preterm infants 
(Lindner and Wossbeck, 1999; Ammari and Suri 2005). In a study septicemia 
and pneumothorax during CPAP therapy were found to be significantly 
associated with CPAP failure in pretem infants (Boo and Zuraidah, 2000). In 
the present study, results report that the factors significantly related to CPAP 
failure were later complications such as pneumothorax and intraventricular 
hemorrhage. Complication rates were significantly worse for those failing 
CPAP than for infants who succeeded on CPAP. Although lower gestational 
age (GA) is moderately related with CPAP failure, difficulty in predicting this 
may be because our study group included GA 28-35 weeks (not 24-28 weeks, 
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where more significant results could be expected) (Blenow et al., 1999; 
Merran AT (IFDAS study group) 2002; Verder et al., 1999). This may be true 
also for relation between birth weight and CPAP failure (Guerrini et al., 2000; 
Joris et al., 2000). Whether or not infants at risk for early CPAP failure are 
better of being treated initially with mechanical ventilation and surfactant is a 
question that only multicenter prospective, randomized controlled trials can 
predict. So it might be wrong to use CPAP in any infant with a reasonable 
chance of failure.   

 
5. CONCLUSION 
 
Factors that can predict CPAP treatment failure in our preterm newborns 

with RDS are extreme prematurity, need for intensive resuscitation after birth, 
higher FiO2 requirement on admission in Neonatal Intensive Care Unit, severe 
complications as pneumothorax and intraventricular hemorrhage. 
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ABSTRACT 
 

The old national standards about the building constructions have been used in Albania 
for more than thirty years. If the EuroCode 8 (Design of structures for earthquake 
resistance) would be used even for the recently constructed buildings, they would 
either collapse or be heavily damaged.  
The present paper provides information about the EN-Eurocode 8 for Design of 
Structures for Earthquake Resistance. European Code has an irreplaceable importance 
for both the construction industry and society as it aims at establishing skeleton of the 
future goals of the construction industry and saving lives.  
Firstly, information about the conditions of the existing structure is in the present 
paper provided. Secondly, the paper reports the performed nonlinear analysis 
(adaptive pushover) and structural measures suitable for this type of structure. 
In the end, the paper gives recommendations about the methodology of design and the 
most appropriate strategy of retrofitting these kinds of structures, in order to achieve 
the required level of performance and increase their level of security based on 
European Codes.  
Keywords: Seismic retrofitting, EuroCodes, existing structure 

 
1. INTRODUCTION 
 
Many private and public building have been constructed over years in 

Albania. Unfortunately, construction industry suffers from appropriate safety 
construction rules. The tools and techniques need to be adapted according to 
current seismic conditions. Following the European Code for seismic design 
and rehabilitation of buildings, it is important for the construction industry 
that  the European Code to be  fully consistent, user-friendly and seamlessly 
integrated and covers  all types of civil engineering works, except nuclear 
power plants, off-shore structures and long-span (cable-stayed or suspension) 
bridges. It is already considered the basis of technical specifications for public 
works tenders or public procurements and the related engineering services. 
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In order to give the best solution fully consistent with the current trends in 

the area, there is reported a lot of information about construction based on 
Albanian code and retrofitting based on Eurocode.  

Reported in (Manfredi et al., 2007), the control and retrofit process of the 
existing structures include: i) dimensions and geometric data information, 
reinforcement bars and detailing, material of the existing structure, ii) static 
analysis design for a new structure but with geometry and characteristics of 
existing material (simulation design), iii) check of structure deformations, etc. 
Comparison of provided reinforcement with required reinforcement. If 
reinforcement would not be sufficient, nonlinear analysis must be carried out 
and, iv) determination of the strategy of intervention, analysis and control the 
retrofitted structure.  

The later part of the present paper provides detailed information about 
the aforementioned stages.  

 
 
MATERIALS AND METHODS 
 
Existing structure 
Photo 1 shows the design of an existing building constructed in 2009. The 

building was divided in two separate structures. The first structure of the 
building is in the present paper investigated and will serve as offices premises. 
It has two above ground stories with irregular form in plan, with dimensions 
of 8m x 24.3m at maximal point.  

 

 
 

Photo 1. View of the structure 
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The first structure is divided in 2 main axes in longitudinal direction (one 

main span) and 5 axes (4 spans) in transversal direction. Columns dimensions 
are 40 x 40cm and 40 cm diameter. The side beams and transversal beams are 
40 x 60cm, while the beams for the port between axis “3”and “4” are 
30x40cm and 25x60 cm. The slab height is 17 cm.  Unfortunately, details on 
possible changes during the construction lack. 

It has been noticed, observing the concrete elements, that the dimensions 
of the structural elements are the same as in the design. Non-destructive and 
some destructive tests were carried out to accurately investigate 
characteristics of the materials, and checking the height of the slab. 

The Albanian Design Code “K T P 1985” was applied for the design of 
the building. The final design drawings and the real material characteristics 
provide sufficient information about the existing structure. 

 
Concrete properties investigations 
Currently, there are four methods applied for the evaluation of concrete 

properties. Based on their characteristics, their results are more or less 
reliable.  

Italian Standarts UNI EN12504-1 for the tests on the concrete structures, 
Part 1: carrots, levy, examination and testing of compression and the UNI 
EN12504-2 for the tests on the concrete structures - non-destructive tests - 
determination of the sclerometric index have been  followed during  the two 
core tests (Photo2 and 3)  6 Schmid hammer tests, respectively.  

 

 
            

Photo 2. Core drill hole 1. 
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Photo 3. View of core drill  1 concrete 
 
For the core tests we have used the correction given by (Masi 2005; 

Manfredi et al., 2007). 
Fc,i=(Ch/D x CD x Cs x Cd)fcore,i 
where Ch/D is a correction ratio for h/D  (h-height and D- Diameter), 

where Ch/D >2 or Ch/D <2 
CD correction ratio for D different from 100mm 
Cs correction ratio for steel presence influation 
Cd correction ratio for core disturbance  
 
From this expression we obtain the following characteristics:  
Concrete properties from tests 
Self weight               g=2455 kg/m3 
Cylinder concrete compressive strength               fck= 270 daN/cm2 

Cubic concrete compressive strength              Rck= 330 daN/cm2 
Design compressive, tensile strength                  
 
                fcd  =  180 daN/cm2 
                     fctm  =  28.5  daN/cm2 
              fctk 0.05  =  19.4  daN/cm2 
 
Structure evaluation based on Eurocodes 
Based on the Eurocode (EC8) and (ASCE 2000; ATC 1996; Pristley 

2000; Pristley et al., 2007), in general an additional limit state would be 
important for the structural evaluation of existing buildings. The new 
buildings are designed to fulfill the hierarchy of resistances and appropriate 
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ductility, and evaluated structures are designed according to these 
requirements (Paulay and Pristley 1992: Pristley 2000; Pristley et al., 2007). 

The following requirements are of great importance for the determination 
of the state of damage of the structure (ASCE 2000; ATC 1996): i) limit state 
with limited damage (immediate occupancy) IO, ii) limit state with significant 
damage (from damage control- life safety) LS and, iii) limit state of structural 
stability (total or partial collapse) CP. 

Pristley (2000) reported that the procedures followed for the evaluation of 
an existing structure are: i) identification of existing data, ii) determination of 
levels of recognition and selection of computer models, iii) determination of 
seismic loads in every limit stage, iv) modeling and analysis and, v) 
verification of elements 

Information about the first two procedural steps is in the aforementioned 
paragraph provided. The later part of the paper provides information about the 
last three procedural steps.  

 
Seismic action 
Seismic identification zone 
Albania is an active seismic country. The Albanian Construction Code 

was drafted based on the seismic data obtained from the earthquake intensity 
map and investigations on soil conditions.  Based on the EC8, seismic hazard 
should be given only with the agR parameter on ground type “A” that 
corresponds to rock or rock like geological formations, including 5m weak 
formations (soil) at surface. The values of agR(maximum acceleration PGA) 
are obtained from the Probabilistic hazard map of Albania (Fig.1), recently 
recommended (not officially) by the Institute of Geosciences Water and 
Environment, Tirana, Albania . The return period of the reference event is 
TR=475 years that corresponds to a life time of 50years (EC8).  

The horizontal PGA in ground type A for Tirana District is PGA=0,30g .                        
Based on the values of PGA in rock and for the specific type of terrain is 

calculated the design spectrum for three limit states based on EC8 
formulations and soil condition classifications. The design spectrum could be 
obtained by reducing the corresponding elastic spectrum with the appropriate 
structure behaviour factor “q” (Eurocode 8; Pristley 2000; Pristley et al., 
2007). For the ultimate limit state of the local soil conditions (ground type C), 
the value of this factor is q=3.2. (Fig.2). 

 
 



2014/Vol.XIX(1) 148 

 
 

Fig.1. Peak ground acceleration Map of Albania 
 

         
 

Fig.2. Graphical view of the elastic acceleration and displacement spectrum for soil type C. 
 
Dynamic linear analysis  
Structural modeorling and seismic characteristics have been determined 

similarly as for the new buildings—following the recommendations given by 
EuroCode 8 (CSI 2000). Spectral method involving concentrated masses in 
the centre of masses of each story was applied for the analyses and the 
determination of internal forces. The European Code EC1 (Actions on 
Structures, EN 1991-1-1, 2002) was followed for the combination of seismic 
loads and other actions above the building. 

Model of the structure is the same as for a new building and the 
contribution of non-structural elements is neglected. The 3D model of the 
structure and graphical view of three first modes is in figure 3 and 4 depicted.  
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Fig 3. Graphical view of the linear model 
 

 

       

 
 

Fig.4. Graphical view of the three first modes. 
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Table 2. Modal results of the structure 

 
Case/
Mode 

 
Frequen
cy (Hz) 
 

 
Period 
(sec) 

 
Rel.mas. 
UX (%) 
 

 
Rel.mas. 
UY (%) 
 

 
Cur.mas 
UX (%) 
 

 
Cur.mas
UY (%) 
 

 
Total mass 
(kg) 
 

 4/1 1.67 0.60 11.09 72.01 11.09 72.01 704610.46 
 4/2 1.68 0.59 80.78 88.76 69.69 16.75 704610.46 
 4/3 2.04 0.49 90.96 92.47 10.18 3.71 704610.46 
 4/4 4.71 0.21 91.08 98.70 0.13 6.23 704610.46 

 
The results of the Table1 report that the structure is irregular and torsion 

has a great impact on its seismic behavior (Beyer et al., 2008). Once the 
fragile or ductile behavior for each element is determined, the strength of all 
the elements is checked applying forces obtained from seismic combination. 
In addition, results report that the columns strength is assured (average safety 
coefficient is approximately around 1:03), while the beams meet the criteria of 
resistance in shear, but did not meet the criteria of flexural resistance. In order 
to take an accurate picture of the way the structure behaves, it is necessary to 
do the nonlinear analysis. 

 
Static nonlinear analysis 
Nonlinear static analysis is the simplest method for nonlinear analysis of 

structures involving normally concentrated plasticity models. Currently, 
distributed plasticity models are used as well. 

Aspects emerging from the analysis of the structure are reported in the 
present paper.  

The combination of results in both directions cannot be carried out, but 
each direction must be considered separately. For each direction there are 
taken into consideration two types of distribution of forces, one according to 
normalized first mode deformations and the second according to proportional 
mass of each floor (ASCE 200; ATC 1996). 

The method cannot take into account the effects of progressive 
degradation of strength, the redistribution due to of the plastification and the 
change of modal characteristics. Also in torsionally eccentric structures, the 
first mode has important effective mass participation in both directions and 
may not be disconnected from other modal forms (Beyer et al., 2008; 
Manfredi et al., 2007), i.e., a first mode that effects only one direction to get 
real performance of the structure for each direction separately could not be 
evidenced. 

In these cases must be used nonlinear dynamics analysis or adaptive 
nonlinear static analysis. Figure 5 and 6 depict the encountered problems.  
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Fig. 5. Graphical view of the structure for three incremental following steps 
 

 
 

Fig. 6. Graphical view of the base force versus displacement for the structure 
(capacity curve) 

 
Results report that the capacity curve, deformation base shear force 

relationship is not continuous in one direction and the performance point of 
the structure could not be obtained. In addition, the required maximum 
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displacement and the corresponding base shear force with any of the known 
methods cannot be determined (ATC 40, FEMA 356; ASCE 2000; ATC, 
1996). 

Consequently, neither the deformation capabilities (θ) nor the strength 
(MRd,VRd) of the elements of the structure (Paulay and Pristley 1992) can be 
checked. 

 
Adaptive static nonlinear analysis (Adaptive pushover) (Seismostruct 

version 6) 
Here, the distribution of horizontal incremental loading is not constant but 

varies basing on modal forms and participation factors obtained from the 
analysis of its eigenvalues forms after each load step (Seismostruct version 6). 

The analysis can consider the degradation (Softening) of structure 
elements strength, the change of eigenvalues forms after each load step and 
change the internal forces due to spectral amplification. 

This type of analysis gives satisfactory results for torsionally eccentric 
structures and structures where the higher modes influence the seismic 
response. 

The used methodology is quite similar to the classical nonlinear static 
analysis (PO). The figure 7-9 depict some results of deformation capacity the 
strength check of the most loaded frame B. 

 

 
 

Fig. 7. Graphical view of performance criteria check for frame B of the structure ; 
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Fig. 8. Graphical view of capacity curve only for frame B of the structure 
 
The curve of the  relations in the function of displacement (incremental 

loading step) and the curve of the criterion of performance achieved for dmax  
report that the columns capacity to absorb the plastic deformation is greater 
than capacity of the beams. Consequently, the flexural capacity of the beams 
have been increased and the columns confined to achieve the performance 
determined, so that under the design earthquake the structure must achieve an 
acceptance criteria between Immediate Occupancy(IO) and Collapse 
Prevention(CP). 

 

 
 

Fig. 9. Graphical view of θ-incremental deformation for the side column and the first story 
beam. 
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RESULTS 
 
Depicted in the aforementioned figures, the flexural strength of the beams 

is more problematic. Four different approaches could be used for the 
rehabilitation of the structure: i) increasing the global capacity (strengthening) 
by the adding the cross braces or new structural walls, ii) reduction of the 
seismic demand by means of supplementary damping and/or use of base 
isolation systems, iii) increasing the local capacity of structural elements. This 
approach recognises the existing capacity of the structures and adopts a more 
cost-effective approach to selectively upgrade local capacity 
(deformation/ductility, strength or stiffness) of individual structural 
components and, iv) selective weakening retrofit. This is an intuitive approach 
to change the inelastic mechanism of the structure.  

The third retrofit strategy approaches is in the present investigation 
applied due to the limited stiffness of the structure as it allows drifts to be 
carried out. Additional walls or braces are allowed due to architectural 
requirements. The use of seismic base isolation systems is quite expensive. 

In our case, for this purpose we have used for the reinforcement of the 
beams longitudinal carbon fiber strips both in middle and supports and for 
columns confinement carbon fiber web. 

Fiber design and placement of needed fibers is carried out following the 
Italian code CNR-DT 200/2004. Once the fiber design and placement of 
needed fibers is carried out, the structure with reinforced sections with 
distributed plasticity model could be checked out (Manfredi et al., 2007). 

Performance criteria with regard to flexure, shear strength, deformative 
capacity and the surface layer of column concrete are met when strengthening 
the elements the structures.  

Figures 10 and 11 depict the results for the most loaded frame B.  
 

https://en.wikipedia.org/wiki/Base_isolation
https://en.wikipedia.org/wiki/Base_isolation
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Fig. 10. Graphical view of performance criteria check for frame B of the structure after the 
increasing of capacity of structural elements.(no performance criteria is reached) 

 

 
 

Fig. 11. Graphical view of M-incremental deformation step percentuality for the side 
column and the first story beam after the increasing of capacity of structural elements 
 
 
DISCUSSIONS 
 
The use of Adaptive pushover analysis is highly efficient and the results 

are consistent and close to the results from nonlinear dynamical analysis. 
Nevertheless, the use of this method remains limited to specialized software 
(Seismostruct version 6) and modeling requires plenty of time and care. If 
these analysis will not be implemented in ordinary commercial software the 
use of nonlinear dynamic analysis, although time-consuming will continue to 
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remain the most widespread method for the calculation of torsionally 
eccentric structures.  
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ABSTRACT  
 
This paper highlights examples of waste utilization for energy recovery and 
environmental protection, expanding thus the alternatives for efficient solid waste 
management. It provides technical solutions to convert industrial waste by-products 
like slag (iron and steel slag) and fly ash found in the area into high value-added 
building materials and products. Many of these waste materials contain non-decaying 
elements and will remain in the environment for hundreds or perhaps thousands of 
years. Accumulation of massive amounts of such residues presents considerable 
environmental, aesthetic, economical and social problems. Meanwhile, re-evaluation 
of their use has taken place as significant energy has been invested in their generation 
and lost through disposal. Conversion of by-products into viable building and 
construction materials is probably the best way to recover this energy. Recycled 
materials can be a source of good quality, cost effective building materials that also 
benefit the environment. Conversion of by-products into building and construction 
materials is an appropriate solution as it helps conserve natural resources, while 
environmental damage caused by quarrying and pollution are reduced. The paper 
summarises the most advanced technologies and processing ways as well as own 
research results for converting fly ash and slag (iron and steel slags) by-products into 
high quality products that can be used in building sector. 
Key words: Clean environment, energy recovery, industrial solid waste management  
 

1 INTRODUCTION 
 
Industrial waste is defined as waste generated by manufacturing or 

industrial processes. The major generators of industrial solid wastes are the 
by-products of thermal power plants producing coal ash, the integrated iron 
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and steel mills producing blast furnace slag and steel melting slag, non-ferrous 
industries like aluminium, zinc and copper producing red mud and tailings, 
sugar industries generating press mud, pulp and paper industries producing 
lime and fertilizer and allied industries producing gypsum. With the ever 
increasing quantities of industrial by-products and wastes solid waste 
management is gaining significant importance. In today's society, there are 
increasing requirements on recycling wastes and residues to the greatest 
possible extent. With the environmental awareness and scarcity of space for 
landfilling, wastes/by-products utilization has become an attractive alternative 
to disposal. The re-evaluation of “wastes” in which significant energy has 
been invested and lost through disposal via their conversion into sustainable 
construction materials and products is probably the best way to recover this 
energy (Goumans et al., 2001). The combination of interesting material 
properties and environmental acceptability makes these products suitable for 
application as building and construction materials. Among the waste by-
products with major potentials for recycling are fly ash from thermal power 
plants and ferrous slags from metallurgical processes. This article is a 
literature survey on the main utilization of solid wastes like blast furnace slag, 
steel slag and fly ash generated in large quantities respectively from iron, steel 
industry and coal fired power plants, with emphasis on some recent 
innovations made by the authors. Specific innovations pertaining to utilization 
of these wastes that are highlighted in this paper include the production of fly 
ash bricks and the development of clinker free cements based on granulated 
blast furnace slag (GBFS). 

 
1.1. Coal combustion by-products (CCBs) 
Coal combustion by-products (CCBs) is a collective term referring to the 

residues produced during the combustion of coal regardless of ultimate 
utilization or disposal. It includes fly ash, bottom ash, boiler slag, and 
fluidised bed combustion ash and other solid fine particles (Asokan et al., 
2005; http://www.ecoba.com). The CCBs represent incombustible materials 
left after combustion of coal in conventional and/or advanced clean-coal 
technology combustors. 

 
1.1.1. Fly ash 
The main product from the CCBs group is fly ash; it represents more than 

75% of the generated CCBs. Fly ash is a heterogeneous mixture of inorganic 
particles, varying in shape, size, and chemical composition. Fly ash is 
predominantly composed of spherical glassy particles, which can be less than 
1µm to more than 1mm in size. Major mineralogical component of fly ash is 
silica–aluminate glass containing Fe2O3, CaO, and MgO. Fly ashes are 
considered as pozzolans (substances containing silica and alumina) wherein 
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the silica reacts with calcium hydroxide Ca(OH)2 released by hydration of 
calcium silicates to produce calcium silicate hydrate phases (Shi and Day 
1993). It is when the silicate phases have an amorphous structure, rather than 
crystalline, that materials tend to be pozzolanic and contribute to the 
formation of hydration products when attacked by hydroxides. There are 
mainly two types of fly ash produced from coal combustion, type F or 
silicious and type C or calcareous fly ash. Type F is produced when 
anthracite, bituminous or sub-bituminous coal is burned and is low in lime 
typically less than 10% and contains more silica, alumina and iron oxide. 
Type C comes from lignite coal and contains more lime (15–30%) (Fisher et 
al., 1978). Fly ash has a hydrophilic surface and is extremely porous, with 
particle size the most important physical characteristic determining the 
reactivity. In general, smaller ash particles tend to be more reactive for two 
reasons. Firstly, smaller particles have larger specific areas making a large 
percentage of the particle available to attack by hydroxides. Secondly, and 
perhaps more significantly, smaller particles cool faster upon exiting the 
combustor, resulting in more disordered and, therefore, reactive structure. The 
surface area of fly ash ranges between 300 and 500m2/kg. Generally, density 
of fly ash varies between 1.5 and 2.8 g/cm3.  

 
1.2. Ferrous slags 
Various slags are produced as by-products in metallurgical processes or as 

residues in incineration processes. According to the origins and the 
characteristics, the main slags can be classified into three categories, namely 
ferrous slag, non-ferrous slag and incineration slag. Ferrous slag mainly 
includes iron slag (blast furnace slag), steel slag, alloy steel slag and 
ferroalloy slag. Blast furnace slag (BF slag) and steel slag make up the major 
part of ferrous slag. 

 
1.2.1. Iron slag/blast furnace slag (BFS) 
Blast furnace slag is defined as “the non-metallic product consisting 

essentially of calcium silicates and other bases that is developed in a molten 
condition simultaneously with iron in a blast furnace” (ASTM C989-99). In 
the production of iron, blast furnaces are loaded with iron ore, fluxing agents, 
and coke. When the iron ore, which is made up of iron oxides, silica, and 
alumina, comes together with the fluxing agents, molten slag and iron are 
produced. 220 – 370 kg slag per ton of iron may result (Proctor et al., 2000). 
Blast furnace slag is primarily made up of silica, alumina, calcium oxide, and 
magnesia (95%). Other elements like manganese, iron, sulfur, and trace 
amounts of other elements make up about other 5% of slag. The exact 
concentrations of elements vary slightly depending on where and how the slag 
is produced. BF slag can be cooled from its molten state in several ways to 
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form any of several types of BF slag products. Depending on the cooling 
method applied to blast furnace slag, the slag is divided into two types; air-
cooled blast furnace slag and granulated with water to form Granulated Blast 
Furnace Slag (GBFS). The former is formed by gradual cooling in the air with 
occasional spray of water. The latter is formed by rapid cooling with continual 
spray of high-pressurized water, and possesses the characteristics of vitrified 
sand (Alexandre and Sebileau 1988). The latter has a variety of application 
areas, while the former can only be used as substitute of the crushed gravel for 
the road foundation material. Air-cooled slag has a rough finish and larger 
surface area when compared to aggregates of that volume which allows it to 
bind well with Portland cements as well as asphalt mixtures. Granulated blast 
furnace slag (GBFS) represents a wet sandy material. If dried and ground, it is 
called granulated blast furnace slag (GGBFS). Ground granulated blast 
furnace slag is a material that exhibits a distinct hydraulic reactivity only in 
the presence of suitable activators; it is considered latently hydraulic, unlike 
hydraulic materials, which exhibit hydraulic properties even when mixed with 
water alone (Pal et al., 2003).  

 
1.2.2. Steel slag 
Steel slag is produced from Basic Oxygen Furnace (BOF steel slag) and 

Electric Arc Furnace (EAF steel slag) in the steel making. It is the by-product 
of the steel producing process, containing fused mixtures of oxides and 
silicates. Its highly compressed structure results in a very dense and hard 
material. It is the coarse portion of the residues produced during the 
separation of the molten steel from impurities in steel making furnaces (Shi et 
al., 2004). Steel slag occurs to be in liquid melt of complex solution 
containing silicates and oxides, primarily calcium, iron, unslaked lime and 
magnesium and solidified upon cooling. Steel making process in electric arc 
furnaces generates up to 15% of slag per ton of steel. The structure of steel 
slag is based on two- and three-component compositions of the type CaO-
SiO2, CaO-FeO, CaO-SiO2-MnO, CaO-Al2O3, CaO-FeO-SiO2 and CaO-SiO2-
FeO-MgO (Lamut et al., 1992; Lamut and Gontarev 1994; Cioroi and Nistor 
2007). The main mineral phases of BOF- and EAF-slags are metallic iron, 
dicalciumsilicate (2CaO.SiO2), dicalciumferrite (2CaO - Fe2O3) and wustite 
(Motz et al., 2001). The CaO content varies between 42 and 55% and SiO2 
between 12 and 18%. But the mineral composition and mineral grain size are 
variable with chemical composition, cooling way and so on. For example, 
slow cooling of a typical BOF slag can produce larger phase grains than fast 
cooling (Fregeau-Wu et al., 1993). At higher basicities (CaO/SiO2+P2O5 > 
2.5), tricalciumsilicate and lime (CaO) become dominant in steel slag (Huang 
and Wang, 2001). Other minerals reported in steel slag include periclase, 
manganosite, Fe and Mn-monticellite, Mn-cordierite, glass, and (Fe, Mn, Mg) 
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oxide solid solution (Radosavljevic et al., 1996). Materials added to the steel 
melt directly before the end of the reheating process are not fully embedded in 
the slag structure, so they can be found in the slag as “free“oxides (CaO, 
MgO). The content of free lime and free MgO is the most important 
component for the utilization of steel slags for civil engineering purposes with 
regard to their volume stability. In contact with water these mineral phases 
will react to hydroxides. Depending on the rate of free lime and/or free MgO 
this reaction causes a volume increase of the slag mostly combined with a 
disintegration of the slag pieces and a loss of strength. Therefore, the volume 
stability is a key criterion for using steel slags as a construction material. Steel 
slag can be air-cooled or water quenched. Most of steel slag production for 
granular materials use natural air-cooling process following magnetic 
separation, crushing and screening. The mineral composition of cooled steel 
slag varies and is related to the forming process and chemical composition. Fe 
in the steel slags is normally in the form of steel (7–10%), iron oxide and iron 
bearing minerals. Solid steel slag exhibits block, honeycomb shape and high 
porosity.  

 
1.3. Industrial waste environmental concerns  
There is growing concern about public health and degradation of 

groundwater quality from unregulated landfills. One of the major concerns 
with landfills of industrial solid waste is the leaching of heavy metals to 
surface and underground water source (Anderson et al., 1993; Sandhu et al., 
1992). The release of metals or harmful elements from waste will cause 
environmental problems such as water and soil pollution. The effects of water 
pollution can be devastating to humans, animals, fish, and birds. Polluted 
water is unsuitable for drinking, recreation, agriculture, and industry. It 
diminishes the aesthetic quality of lakes and rivers. More seriously, 
contaminated water destroys aquatic life and reduces its reproductive ability. 
Eventually, it is a hazard to human health. Nobody can escape the effects of 
water pollution. A number of incidences have been reported in the past, where 
leachate had contaminated the groundwater (Kelly 1976; MacFarlane et al., 
1983; Mor et al., 2006). According to the US Environmental Protection 
Agency (USEPA) the industrial solid waste is divided into hazardous and 
non-hazardous waste. Materials containing specific toxic chemical 
constituents which exceed regulated concentration levels are considered as 
hazardous waste (http://www.epa.gov/osw/nonhaz/index.htm). Hazardous 
waste/by-products contain heavy metals above regulated levels specified in 
various international standards. “Heavy metal” is a general collective term, 
which applies to the group of metals and metalloids with atomic density 
greater than 4000 kg/m3, or 5 times more than water and they are natural 
components of the earth’s crust (Garbarino et al., 1995). Heavy metals are 

http://www.epa.gov/osw/nonhaz/index.htm
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extremely toxic for living beings and they are highly persistent pollutants. 
Once they get into the soil sub-surface or in groundwater, it becomes 
extremely difficult to handle them due to the complex speciation chemistry 
coming into play. Although some of them act as essential micro-nutrients for 
living beings, at higher concentrations they can lead to severe poisoning 
(Lenntech 2004). The most toxic forms of these metals in their ionic species 
are the most stable oxidation states e.g. Cd2+, Pb2+, Hg2+, Ag+ and As3+ in 
which, they react with the body’s bio-molecules to form extremely stable bio-
toxic compounds which are difficult to dissociate (Duruibe et al., 2007). In 
the environment, the heavy metals are generally more persistent than organic 
contaminants such as pesticides or petroleum by-products. They can become 
mobile in soils depending on soil pH and their speciation. So a fraction of the 
total mass can leach to aquifer or can become bio-available to living 
organisms (Alloway 1990; Santona et al., 2006). Heavy metal poisoning can 
result from drinking-water contamination, intake via the food chain or high 
ambient air concentrations near emission sources (Lenntech 2004). The 
typical range of heavy elements (table 1) can vary within a wide range from 
trace to significant amounts well above the regulated concentrations specified 
by the international standards (table 2). 

 
Table 1. The typical range of trace elements in coal fly ash and ferrous slag 

 
Element Content in mg/kg Element Content in mg/kg 
Antimony 1-350 Lead 0.1-1000 
Arsenic 1-110 Manganese 100-1555 
Barium 0-4600 Mercury 0.01-7 
Boron 5-900 Molybdenum 2-85 
Cadmium 0-6 Nickel 100-700 
Chloride 0-30000 Phosphorus 350-20000 
Chromium 50-400 Selenium 2-200 
Cobalt 1-170 Tin 900-2000 
Copper 100-500 Vanadium 25-1500 
Fluoride 0-18000 Zinc 120-1400 
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Table 2. Concentration limits for some heavy metals (Hashim et al., 2011) 

 
Heavy 
metal Speciation and chemistry  Concentration limits  References  

Lead  

  

Pb occurs in 0 and +2 oxidation 
states. Pb(II) is the more common 
and reactive form of Pb. Low 
solubility compounds are formed 
by complexation with inorganic 
(Cl-,CO3

2- ,SO4
2- ,PO4

3- and 
organic ligands (humic and fulvic 
acids, EDTA, amino acids). The 
primary processes influencing the 
fate of Pb in soil include 
adsorption, ion exchange, 
precipitation and complexation 
with sorbed organic matter  

Surface agricultural 
soil: 7-20 ppm  
Soil levels: up to 
300 ppm  
USEPA, Maximum  
Contaminant Level  
(MCL) in drinking 
water: 0.015 ppm   

(Bodek et al., 
1988; Evanko  
and Dzombak, 
1997; Hammer   
and Hammer, 
2004; Smith  
et al., 1995; 
WHO, 2000)   

Chr
omi
um   

Cr occurs in 0, +6 and +3 
oxidation states. Cr (VI) is the 
dominant and toxic form of Cr at 
shallow aquifers. Major Cr(VI) 
species include chromate (CrO4

2-) 
Þ and dichromate Cr2O7

2- 
(especially Ba2+,Pb2+ and Ag+). Cr 
(III) is the dominant form of Cr at 
low pH (<4). Cr (VI) can be 
reduced to Cr (III) by soil organic 
matter, S2- and Fe2+ ions under 
anaerobic conditions. The 
leachability of Cr (VI) increases as 
soil pH increases   

Normal 
groundwater 
concentration:  
< 0.001 ppm  
Lethal dose : 1-2g  
MCL of USEPA in 
drinking water: 0.1 
ppm   

(Lenntech, 2004; 
Smith et al., 
1995)   

Zinc   

Zn occurs in 0 and +2 oxidation 
states. It forms complexes with a 
anions, amino acids and organic 
acids. At high pH, Zn is bio-
available. Zn hydrolyzes at pH 7.0-
7.5, forming Zn(OH)2. It readily 
precipitates under reducing 
conditions and may co-precipitate 
with hydrous oxides of Fe or 
manganese   

(Evanko and 
Dzombak,  
1997; 
Lenntech, 
2004;  
Smith et al., 
1995)   

Cadmium   

Cd occurs in 0 and +2 oxidation 
states. Hydroxide (Cd(OH)2) and 
carbonate (CdCO3) dominate at 
high pH whereas Cd2+ and aqueous 
sulphate species dominate at lower 
pH (<8). It precipitates in the 
presence of phosphate, arsenate, 
chromate, sulphide, etc. Shows 
mobility at pH range 4.5-5.5   

Natural 
concentration of Zn 
in soils: 30-150 
ppm  
Concentration in 
plant: 10-150 ppm  
Plant toxicity: 400 
ppm  
WHO limit in 
water: 5 ppm  
Soil natural conc: 
>1 ppm  
Plant conc: 0.005-
0.02 ppm  
Plant toxicity level: 
5-30 ppm  
USEPA MCL in 
water: 0.005 ppm 
WHO: 0.01 ppm  

 

 

(Matthews and 
Davis, 1984;  
Smith et al., 1995)  
 

 



2014/Vol.XIX(1) 164 

Arsenic   

As occurs in -3, 0, +3, +5 
oxidation states. In aerobic 
environments, As (V) is 
dominant, usually in the form of 
arsenate (AsO4)3-. It behaves as 
chelate and can co-precipitate 
with or adsorb into Fe 
oxyhydroxides under acidic 
conditions. Under reducing 
conditions, As(III) dominates, 
existing as arsenite (AsO3)3- 
which is water soluble and can 
be adsorbed/co-precipitated with 
metal sulphides   

MCL in drinking 
water- 
USEPA: 0.01 
ppm   

(Bodek et al., 1988;  
Smith et al., 1995)   

Iron   

Fe occurs in 0, +2, +3 and +6 
oxidation states. Organometallic 
compounds contain oxidation 
states of +1, 0, -1 and -2. Fe (IV) 
is a common intermediate in 
many biochemical oxidation 
reactions. Many mixed valence 
compounds contain both Fe (II) 
and Fe (III) centers, e.g. 
magnetite and Prussian blue   

Tolerable upper 
intake level (UL) -
Dietary Reference 
Intake (DRI):  
For adults: 45 mg 
per day  
For minors: 40 mg 
per day   

(Holleman et al., 
1985;  
Medscape)   

Mercury   

Hg occurs in 0, +1 and +2 
oxidation states. It may occur in 
alkylated form (methyl/ethyl 
mercury) depending upon the Eh 
and pH of the system. Hg2+ and 
Hg2

2+ are more stable under 
oxidizing conditions. Sorption to 
soils, sediments and humic 
materials is pH-dependent and 
increases with pH  

Groundwater 
natural conc:  
<0.0002 ppm 
USEPA regulatory 
limit in drinking 
water: 0.002 ppm   

(Bodek et al., 
1988;  
Smith et al., 
1995)   

Copper   

Cu occurs in 0, +1 and +2 
oxidation states. The cupric ion 
(Cu2+) is the most toxic species 
of Cu e.g. Cu(OH)+ and 
Cu2(OH)2+. In aerobic alkaline 
systems, CuCO3 is the dominant 
soluble species. In anaerobic 
environments CuS(s) will form 
in presence of sulphur. Cu forms 
strong solution complexes with 
humic acids   

Soil natural conc: 2-
100 ppm  
Normal range in 
plants: 5-30 ppm 
Plant toxicity level: 
30-100 ppm 
USEPA MCL in 
water: 1.3 ppm   

(Dzombak and 
Morel,  
1990; LaGrega et 
al., 1994)   
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2. Main applications of fly ash and slags in construction industry 
 
2.1. Fly ash main applications 
Fly ash can be used either as a raw material in the production of the 

cement clinker, interground with the clinker, or blended with the finished 
cement. Fly ash can be utilized as a major component of blended cements 
(Korpa et al., 2012; Naik et al., 1995a; Naik et al., 1995b). It can be used as a 
replacement of sand up to 100% in manufacturing Controlled Low Strength 
Materials (CLSM), suitable for foundation support and backfilling of 
excavations, bridge abutments, buildings, retaining walls, utility trenches, etc.; 
for filling abandoned tunnels, sewers, and other underground facilities; and as 
embankments, grouts, etc (Naik et al., 1990; Naik and Singh 1997). Fly ash 
can be used in manufacturing of lightweight aggregates using sintered (fired) 
and unfired (cold bonded) processing methods reported that high volumes of 
Class C and Class F fly ashes can be used to produce high-quality concrete 
pavements with excellent performance (Courts 1991; Hay and Dumsten 1991; 
Ramme et al., 1995). Fly ash with and without silica fume can be used in 
manufacture of high-performance concrete (Korpa and Trettin 2004). High-
performance concrete mixtures containing up to 30–40% fly ash can be 
proportioned to attain both high-strength and high-durability related 
properties. Naik et al., (1995 a, b) have substantiated that concrete containing 
large amounts (more than 50%) of either class C or class F fly ash can be 
proportioned to meet strength and durability requirements for structural 
applications (Naik et al., 1995a; Naik et al., 1995b).  

 
2.2. Slags main applications 
 
2.2.1. GGBFS applications 
Blast furnace slag has been used as a secondary cementing material for 

more than 100 years and there is a broad knowledge regarding its application. 
Most commonly it is used for the production of blended cements and slag 
cements. Currently, there is high interest in the application of this alternative 
material because the production of Portland cement clinker contributes about 
5% to the global man-made CO2 emissions. Despite the fact that the amount 
of available slag is limited, there is an increasing demand for slag cement to 
reduce the CO2 emissions due to the production of cement and concrete 
(Lukasik et al., 2007). Recent reviews of the properties of blast furnace slag 
and its utilization for the production of blended cement were given by Taylor, 
Moranville - Regourd, Lang, and Glasser (Taylor 1997; Moranville-Regourd 
1998; Lang 2002). Since BF slag contains little iron (Fe < 2%), recovery of 
metals from BF slag is not important. 
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2.2.2. Steel slag applications 
The application of steel slags is closely related with their technical 

properties. Basically, the application can be divided into two parts. One is the 
direct application of steel slag in the iron and steel making process; the other 
includes recovery of metals from steel slag and then the application of the 
remaining steel slag outside the iron and steel making process. Recovery of 
metals and steel slag processing is needed prior to its application in the 
construction sector. Processing of steel slags for steel recovery is very 
important as it results in an angular, generally well-graded, material that is 
relatively free of metallics, and the recovered steel (2 to 4% of raw steel 
production) is a valuable scrap. Processed steel slag can be used in various 
applications, such as cement production, granular material in road base or 
sub-base courses and as aggregate in various concrete and asphalt mixes or 
pavement surfaces, (Tsakiridis et al., 2008; Shi 2004; Shen et al., 2009; Suer 
et al., 2009; Motz and Geisler 2001; Ahmedzade and Sengoz, 2009; Xue et 
al., 2006; Huang et al., 2007). The use of steel slag as an aggregate substitute 
to natural aggregates is considered a standard practice in many countries. The 
use of steel slag to replace natural aggregate in concrete is initially based on 
consideration of availability of natural resources and the good characteristics 
of steel slag. Steel slag possesses good physical properties which can be 
utilized in construction to enhance the characteristics of end products. Since it 
was discovered that the residue from the manufacture of steel could be 
crushed and processed into a product that looked like crushed rock, other 
testing was performed to determine the usefulness of this “waste” product. It 
was discovered that the highly angular, rough textured, vesicular, pitted 
surfaces provide the particle interlock, and if properly compacted, the high 
stability required for good serviceable pavements. Steel slags have superior 
skid and wear resistance compared to natural aggregates (Asi 2007). The 
principal problem associated with steel slag is volume expansion due to the 
hydration of free lime or magnesia that are common the components of steel 
slags. The calcium and magnesium oxides are not completely combined in 
steel slags, and there is general agreement in the literature that the hydration 
of unslaked lime (free CaO) and magnesium oxide (MgO) in contact with 
moisture is largely responsible for the expansive nature of most steel slags. 
The unslaked lime hydrates rapidly and can cause large volume changes in a 
few weeks. Magnesium oxide hydrates more slowly and contributes to the 
long-term expansion that may take several years to develop in the field, even 
when old steel slag dumps are being used. High levels of free lime or 
magnesia can adversely affect the performance of the materials made up of 
slag. Historically, the method of dealing with the free lime and magnesia has 
been to age the slag or accelerate the hydration reaction with water or washing 
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(Kneller et al., 1994). It is critical that these steel slags be checked for 
potential expansion, since even aging for long periods in large dumps does not 
guarantee the elimination of expansive behaviour (particularly if unprocessed 
so large lumps are involved). 

 
 
3. Case-studies presentation/Own research results 
 
3.1. Silicious fly ash bricks 
Real-size bricks were produced from fly ash using a special set of mold 

and piston (figure 2). Pressed bricks were made using suitable siliceous (class 
F) fly ash as main constituent (at least 75% by mass), property modifying 
components and aerating agents. The fly ash was firstly sieved to a fineness 
which is close to the fineness of a Portland cement of strength class 42.5 N. 
The bricks were made by varying the proportions of fly ash, property 
modifying components, aerating agent and water. Two types of bricks; 
monolithic (without holes) and perforated bricks (with holes) were produced 
(figure 3). The molds were placed on a hydraulic pressing machine that 
applies the specified compaction pressure to shape the material into brick. 
After trying various water to binder ratios (blends of fly ash with the property 
modifying components), the most suitable water to binder ratio in terms of 
moldability, compaction and strength was chosen. The effect of compaction 
pressure on the fly ash compacts was previously studied by using various 
pressures at the optimum binder to water ratios. A fixed compaction pressure 
of 30 MPa was employed for the subsequent tests. Various combinations of 
fly ash and property modifying agents were tried and the most suitable 
specimens of this stage in terms of strength were further optimized by fine 
tuning their recipe. As suitable curing program in terms of strength gain rate, 
end strength, dimensions, appearance and production speed was found the 
initial curing for 24 hours in climate room (95% humidity and 25ºC) followed 
by water curing for up to six days at 20±1ºC. The brick specimens were 
subsequently visually inspected. Three specimens of fly ash bricks were tested 
for compressive strength after 7 days. The best bricks in terms of strength 
were further tested for their main properties including nominal value 
deviations, dry gross density, compressive strength, water absorption, initial 
suction rate and active soluble salts as required by the European standard for 
clay bricks (EN 771-1). For comparison, some regular commercial clay bricks 
were also tested. The properties of the fly ash bricks produced were tested 
based on the European standard for regular clay bricks. 
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Fig. 1: Drawing of the special set of mold and piston employed for perforated brick 

production. 
 

 
 

Fig. 2: Picture of a monolithic fly ash brick. 
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The compressive strengths of three specimens were tested in accordance 

with EN 772-1. For each tested specimen, the failure load was noted and 
recorded to estimate the uniaxial compressive strength.  
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Fig.3. Compressive strengths of the four bricks types 

. 
 
In terms of compressive strength, the solid fly ash brick could develop 

compressive strength of more than 23 MPa (figure 4) after 7 days of curing, 
which exceeds that for clay or shale bricks (the average compressive strength 
of the clay brick tested was 20 MPa). The 7 days compressive strength of 
perforated fly ash brick is 3.6 MPa compared with 1.5 MPa which is the value 
recorded for the perforated regular clay brick (figure 4). The brick dimensions 
were measured with a caliber to establish compliance with the standard (EN 
772-16). The recorded nominal value deviations along with the visual 
inspection of fly ash bricks indicate that fly ash bricks have more stable 
dimensions and are less prone to deformations than kilned clay bricks. They 
do not show any major shrinkage or expansion change apart from that related 
to that gained after the compaction pressure is released. The water absorption 
of both types of fly ash bricks was in all cases < 25%. Therefore the fly ash 
bricks meet the standard limit of water absorption for building clay bricks (< 
25% after 90 minutes). The freezing and thawing resistance of both types of 
fly ash bricks was tested. For comparison, the regular commercial bricks were 
also tested. The tests were conducted according to ASTM standard C 67. This 
standard prescribes freezing and thawing cycles whereby each cycle consists 
of a 20 hours freezing at a temperature of –9ºC or lower and a 4 hours of 
thawing at 24±5.5ºC. Both types of fly ash bricks endured the 50 freezing and 
thawing cycles without significant damage. The strength of the bricks that 
successfully passed the 50 cycles was higher than 75% of the initial strength. 
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Further research is in progress to fully characterise the silicious fly ash bricks 
especially their durability aspects.  

 
3.2. Clinker-free cements based on Granulated Blast Furnace Slag, 

(GBFS) 
 
Five different granulated blast furnace slags (gbfs) were initially obtained 

for this research work, out of which only three gbfs products were selected 
and further employed for the development of the binders (clinker free 
cements). The selection was carried out based on theoretically assumed 
quality criteria by considering the gbfs chemical composition and degree of 
granulation. For simplicity the ggbfs will be referred to as “slag” hereafter. 
For commercial reasons the slag samples are labelled and will be referred to 
with their symbols without giving the plant names, as slag A, slag B, slag C, 
slag D, slag E. The results of the chemical composition of the slag samples 
assessed using the X-ray fluorescence method, are listed in table 3. In addition 
the requirements for ground granulated blast furnace slag (ggbfs) to be used as 
concrete addition and ggbfs to be used for the production of supersulphated 
cement are given. The SiO2 content of the slags varies only slightly, the Slag 
A and Slag B are characterized by the highest CaO content (ca. 43%) and slag 
D by the lowest CaO content (ca. 29%). The later slag contains also the 
highest Al2O3 content that based on theoretical considerations is one of the 
various prerequisites for a positive response to sulphatic activation. The SO3 
content given in table 3 comprises the different forms of sulphur like sulphate 
and sulphide. From the difference between the sulphate and sulphide content 
calculated as SO3, the sulphate content can be calculated which is maximally 
0.3% SO3. All employed slags fulfil the requirements (among them also the 
reactivity) to be used as concrete additive (EN 15167-1) and for the 
production of supersulphated cement (EN 15743). There is almost no 
difference between the own assessed chemical compositions and those 
provided by slag producers (slag plants), which shows that there is no 
considerable quality variation of the produced slag. Various activators were 
tested with all selected slags. We report here only the results and procedure of 
the binder development with the slag A. The setting time and compressive 
strength of respectively fresh and hardened pastes were assessed. The setting 
time of the binder depends on the mixing water quantity. In general, the 
setting time increases with the increase of the mixing water quantity. 
Therefore, initially the quantity of the mixing water and accordingly the water 
to binder ratio was kept constant at 0.38 (w/b = 0.38) for all pastes. As setting 
time reference was chosen the setting time of the paste prepared with Portland 
cement type CEM I 52.5 and having a water to cement (binder) ratio of 0.38 
(w/c = 0.38). Its setting time was measured and resulted to be 270 minutes. 
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The results of setting time and compressive strength are listed in table 4. The 
setting time range for the binder to be used as cement should be in the range 
of 40 – 500 minutes in order to have any practical application interest, 
whereas the 2 days compressive strength should be at least 10 N/mm2. Based 
on the results listed in table 4, the best activators (those giving pastes with 
properties of practical application interest) were chosen for further trials with 
slag A. The best activators were further employed at various contents with the 
purpose of assessing their influence on setting time and compressive strength 
properties of the resulting pastes. 

 
Table 3. Chemical composition of the employed granulated blast furnace 

slags (gbfs) as well as the requirements of the standard (EN 15167-1) and 
standard (EN 15743) 

Item Unit Slag A  Slag 
B  

Slag 
C  Slag D  Slag E  EN 15167-1 

SiO2 "S" 34.9 36.2 31.4 33.6 33.0  
CaO "C" 42.5 43.0 38.8 29.1 40.0  
MgO "M" 6.1 6.4 11.5 15.8 6.2 ≤ 18.0 
Al2O3  7.1 6.0 8.4 12.1 11.0  
SO3 * 2.0 2.0 4.1 3.2 3.0 ≤ 2.5 
TiO2  0.47 0.17 1.8 2.2 1.0  
MnO  0.3 0.19 0.4 0.6 0.2  
K2O 0.53 0.68 0.5 0.5 0.4  
Na2O  0.51 0.56 0.5 0.4 0.3  
Fe2O3 0.52 0.15 0.4 0.2 0.3  
Sulphide  0.75 0.79 1.52 1.21 1.08 ≤ 2.0 
Others 5.0 4.0 0.0 2.0 3.0  
Sum 95.0 96.0 100.0 98.0 97.0  
Loss on 
ignition 
(LOI)  

0.45 0.41 2.5 0.5 1.2 ≤ 3.0 

C + M + S 

[m.%] 

84.0 86.0 82.0 79.0 79.0 ≥ 66.7 
(C + M )/S [-] 1.4 1.4 1.6 1.3 1.4 > 1.0 
- Total sulphur content given as SO3 

 
In table 5 are listed the results of pastes prepared with the best activators 

of table 4 that were employed with various contents along with the effects of 
this variation on setting times and compressive strengths. The water to binder 
ratio was also varied in order to understand the influence of the water quantity 
on the properties of interest. The paste with 3.1% A10 was double prepared 
and tested in order to see the repeatability of the results. The difference in 
terms of setting time (20 minutes) was relatively small and within known 
limits as with common cements pastes. There is however a remarkable 
influence of the activator content on the setting time and compressive 
strength. This shows on one hand that relatively small variations of the 
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activator content brings about considerable alteration of the binder properties 
and on the other hand it shows that the optimization of the binder properties 
can be carried by only small variations of the activator content. With slag A 
and the activator A10, at its optimal content, pastes for the 90 and 180 days 
compressive strengths were produced (table 3). With the purpose of 
comparing the setting time of the paste prepared with activator A10 and of the 
paste prepared with Portland cement (reference paste) according to EN 197-1, 
another series of pastes were prepared by varying the water to binder ratio 
until the standard consistence is achieved. In table 6 are listed the results of 
the slag series and of the reference paste. For comparison purpose in table 6 
are shown also the needle penetration depth and setting time (175 minutes) of 
a reference paste prepared with Portland cement type CEM I 52.5 R at 
standard consistence. In the same table are listed also the results showing the 
influence of varying the water content of the pastes prepared with activator 
A10. For the same needle penetration depth (standard consistence) the required 
water to binder ratio of the paste with A10 was only 0.246 (w/b = 0.246). The 
setting time of this paste was 117 minutes. Based on this result and on the 2, 7 
and 28 days strength results (pastes with activator A10 in table 5) it can be 
stated that this combination of slag A – activator A10 – water behaves very 
similarly to a paste prepared with Portland cement. 

 
Table 4. Pastes with slag A and various activators showing properties of 
practical application interest (w/b = 0.38); a "x" means the paste shows 

properties of practical application range. 
Dosage Activator showing practical 

application interest 

Activator  
[m.% vs. s*] 

Setting time  
(between 80 - 
500 minutes)  

2-days-
compressive 
strength  
(>10 N/mm2) 

Chosen for 
further trials 

A1 7.74  x 
A1 3.87   x  
A4 5.42  x x x 
A7 7.56  x x x 
A8 6  x x x 
A10 4.42  x x x 
S1 6   x  
A2 8     
A2 12  x   
A3 6   x  
A3 3   x  
S5 6   x  
A11 3.96   x  

* s means slag 
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Table 5. Test results for pastes prepared with best activators and slag A 

 
Compressive strength Dosage w/s* Setting 

time 2 7 28 90 180 Activator 
[m.% vs. s*] [-] [min] [N/mm2] 

A3 10.0 0.38 110 42.5 55.0    
A3 8.5 0.38 255 36.0 51.0    
A3 8.0 0.38 341 35.0 45.0    

 
A4 3.5 0.36 110 15.5 23.5    
A4 2.8 0.35 130 12.0 27.0    

 
A7 3.0 0.36 2036 12.5 31.5    
A7 6.0 0.36 170 40.5 64.5    
A7 5.8 0.37 241 34.5 58.5    
A7 5.0 0.36 907 33.0 60.5    
A7 5.7 0.37 130 34.0 64.5    

 
A8 3.0 0.36 410 23.5 37.5    
A8 4.5 0.35 190 38.0 54.0    
A8 4.3 0.37 231 32.5 44.0    
A8 4.2 0.36 690 13.0 29.5    
A8 4.4 0.36 230 36.0 49.7 58.5   

 
A9 6.3 0.36 120 54.0 61.5    
A9 5.7 0.345 130 56.0 59.5    
A9 5.0 0.33 150 48.5 55.5    
A9 3.6 0.32 300 39.0 53.5    
A9 3.8 0.32 300 40.5 44.0    

         
 

A10 3.5 0.35 270 28.0 37.0    
A10 3.0 0.34 310 27.0 38.5    
A10 3.2 0.33 255 31.5 43.0    
A10 3.1 0.32 270 33.0 48.0 49.5 68.0 73.5a 70.5w 

* s – means slag, a - the specimen was cured in air (> 90 % r.h. and 20 °C),  
w - the specimen was cured in water (20 °C ) 
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Table 6. Setting time for the paste prepared with slag A – A10 as well as 

the same property of the reference paste with Portland cement type CEM I 
52.5 R with a w/c ratio of 0.306; the setting time of the paste showing a 

penetration depth of 7 - 8 mm corresponds to the standard consistence of (6 ± 
2 mm) according to EN 196-3 

 

Activator  
Dosage 
[m.% vs. s*] w/s* 

 
w/b** 
 

Penetration 
depth 
[mm] 

Setting time  
[min] 

0.235 0.228 Not applicable Instantly 
0.285 0.276 176 
0.265 0.257 151 
0.255 0.247 

0 
132 

A10 3.1 

0.246 0.239 7 117 
For comparison the reference paste  
CEM I 52.5 R 0.306 - 8 175 

* s - means slag** b - means binder (slag + activator) 
 
3.3. Concrete with steel slag aggregates (SSA) 
Steel slag aggregates (SSA) were produced from samples of water cooled 

steel slag. The samples were allowed to stand in stockpiles for 6 months and 
exposed to weather so that the hydration process between lime and magnesia 
with water takes place. The aged samples were crushed and screened to 
produce the specified graded sizes. The average expansion of all fractions that 
was tested based on the standard ASTM 4792 was 0.017% at 7 days which is 
much lower than the limit value. In table 7 is summarized the leachate results 
of SSA along with TCLP regulatory limits. It is very clear from the results 
presented in table 7 that the average values of metals under consideration do 
not violate the limits set in TCLP regulation levels. 

 
Table 7. Summary of leacheate results of SSA 

Heavy metals 
(TCLP Extract) 

Method Result obtained 
(mg/litre) 

TCLP limits 
(mg/litre) 

Barium (Ba) USEPA 1311/6010 C 0.905 100 
Cadmium (Cd) USEPA 1311/6010 C <0.005 1.0 
Chromium (Cr) USEPA 1311/6010 C <0.005 5.0 
Lead (Pb) USEPA 1311/6010 C <0.005 5.0 
Manganese (Mn) USEPA 1311/6010 C 0.038 n.r 
Nickel (Ni) USEPA 1311/6010 C <0.005 n.r 
Silver (Ag) USEPA 1311/6010 C <0.005 5.0 
Zinc (Zn) USEPA 1311/6010 C <0.005 n.r 
Arsenic (As) USEPA 1311/Hydride/6010 C <0.002 µg/litre 5.0 
Mercury (Hg) USEPA 1311/Hydride/6010 C <0.01 µg/litre 0.2 

n.r – not required 
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Therefore, the use of SSA is safe and should not induce any 

contamination even in areas where ground water table is shallow. Some of the 
physico-mechanical properties of the SSA aggregates (the results represent 
average values of all fractions) that were assessed based on relevant 
international standards are shown in table 8. 

 
Table 8. Some physico-mechanical properties of SSA (average values of 

all fractions) 
Property of SSA Measured value Standard value 
   
Flackiness index 6% <30% 
Elongation index  24% <35% 
Aggregate crushing value 18% n.r 
Aggregate impact value 13% <32% 
Los Angeles abrasion value 17% <40% 
10% fines value  180 kN >150 kN 
Clay lumps and friable particles 0.1% <2% 
Percentage of material finer than 75 micron 1.0% <2% 
Apparent particle density (specific gravity) 3340 (kg/m3) >2800 
Bulk density (compacted) 1640 (kg/m3) >1600 
Shell content nil <3% 
Water absorption 1.4% <1.5% 

 
For producing the concrete mix with SSA, part of the largest size (10-

20mm) of natural aggregate was replaced with SSA and mixed with gabbro 
(5-10mm) in order to compensate for the larger specific gravity of the SSA. 
The mix design of reference concrete and of the concrete mix that contains 
SSA is shown in table 9.  

 
Table 9. Mix design for reference concrete and concrete  

that contains SSA 
Raw material Ref. concrete 

mix 
Concrete mix with 
SSA 

 kg/m3 
Cement (OPC) 400.0 400.0 
Water 156.0 156.0 
Natural aggregate (10-20mm) 
SSA                       (10-20mm) 

719.6 
- 

- 
412.4 

Natural aggregate (5-10mm) 
SSA                       (5-10mm) 

480.4 
- 

- 
274.3 

Gabbro (5-10mm) - 599.5 
Washed sand 762.3 762.3 
Superplasticizer 5.3 6.57 
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A higher amount of superplasticizer was required for the concrete with 

SSA in order to achieve the same slump for both concrete mixes. The results 
show that replacing about 50 to 75% of steel slag aggregates by volume for 
natural aggregates will not do any harm to concrete and also it will not have 
any adverse effects on the strength (table 10). The cement-aggregate interface 
seemed to be very dense without cracks or other discontinuities. As opposed 
to the microscopic pores of porous natural aggregates the macroscopic 
cavities of SSA improve the properties of concrete. 

 
Table 10. Properties of reference concrete and of concrete that contains 

SSA 
Property of concrete Ref. concrete mix Concrete mix with 

SSA 
Slump (mm) 180 180 
Temperature (�C) 22.7 22.7 
Unit weight (kg/m3) 2507 2507 
Air content (%) 5.0 5.0 
Compressive strength (MPa) 
7 days  
28 days 
56 days 

 
50.3 
58.8 
63.0 

 
47.3 
55.0 
60.4 

Average density (kg/m3) 2470 2515 
 
 
4. CONCLUSIONS 
 
The paper takes a critical look into the environmental implications of 

waste produced by power and ferrous metallurgical industries. A careful 
literature survey has been carried and the most advanced ways and 
methodologies of some industrial waste by-products utilization in building 
sector are briefly summarized. A few innovative ways to turn the industrial 
waste into high value-added building products, derived by own research, are 
highlighted. The specific innovations pertain to the production of silicious fly 
ash bricks, development of clinker free cements based on granulated blast 
furnace slag (GBFS) and production of concrete with water cooled steel slag 
aggregates. The developed products have properties that are practically 
similar to traditional ones. These methodologies and ways of waste recycling 
are on the cutting edges of energy recovery, sustainable development and 
environmental protection. Gainful utilization of the metallurgical wastes, 
reduction in CO2 gas, environmental, cost and energy savings are the salient 
features of these methodologies. The incorporation of waste materials into 
high valuable building products rather than their disposal appears to be the 
economical solution that contributes to the protection of the environment. The 
heavy metals contained in the waste by-products can be chemically bonded to 
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be structural part of the building material. Hence the building materials that 
contain the waste by-products represent significantly lower leaching abilities 
and there is no significant influence of hazardous elements on the surrounding 
waters and soil due to leaching. 
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	2. RESULTS AND DISCUSSIONS 
	Passive diffusive sampling, the experimental method in the present investigation used, relies on the diffusion of analytes through a diffusive surface onto an adsorbent. After sampling, the analytes are chemically desorbed by solvent extraction or thermally desorbed and analysed. Passive sampling is used as a screening method rather than a regulatory method, for which continuous monitors are needed.  Trends and behaviours in the datasets for each primary component and period of record were examined with ‘monthly average concentration’ behaviour. These represented plots of average concentrations for each month available. These patterns aid in understanding average seasonal behavior in environmental data. The targets for NO2 are defined by the two limit values for the protection of human health: i) the long term limit value, corresponding to the annual mean limit value of 40 μg/m3  and, ii) the short term limit value, corresponding to the hourly mean limit value of 200 μg/m3. 
	The annual mean limit value for NO2 for the protection of human health is 40 μg/m3 and had to be met in 2010. NO2 annual mean exceedance are mostly attributed to local traffic, domestic heating, local industry and power generation, industrial emissions etc. (table 1).  
	 
	 Table 1. Annual limit value for the protection of human health (NO2)
	Threshold
	Frequency
	Value (µg/m3)
	Upper Assessment Threshold
	not to be exceeded more than 18 times a year
	32
	Lower Assessment Threshold
	not to be exceeded more than 18 times a year
	26
	 
	The experimental data shown in figure 1 report that in almost half of urban areas such as Gjirokastra-city center; Saranda-district; Peshkopi-city center, there are increased concentration values from January 2008 to January 2012. In July 2008, the NO2 levels were under the Lower Assessment Threshold (LAT), varying from 4.5 µg/m3  to 26 µg/m3. High values of NO2, over the UAT value were measured in Tirana-Directory of Public Health, Tirana-21 Dhjetori sites. 
	 
	   
	Fig 1.  Concentration trends for nitrogen dioxide concentration in main sites, during January 2008, January 2012 and June 2012 (µg/m3). 
	 
	The variation of SO2 values show it’s oxidation process to sulfate and the oxidation rate determines its lifetime in the atmosphere, which in turn forms sulfate SO42–. Atmospheric oxidation of SO2 occurs by heterogeneous and homogeneous paths and the oxidation rate is increased with increasing relative humidity through both paths involving OH production. A large fraction of SO2 should react with water vapor and be converted to SO3 through heterogeneous reaction, and then is oxidized either by reaction with O3 and H2O2 or by reaction with catalytic metals. The proportion of each of the above sulfate species in the atmosphere depends upon meteorological conditions and local concentrations of ammonia. If ammonia is scarce, sulfate will remain in more acidic forms such as ammonium bisulfate or sulfuric acid. Sulfate can primarily be found in fine particle.  
	SO2 concentrations decreased from January 2008 to January 2012 in main urban centres (figure 2). In Fier sites, SO2 concentrations are constantly high during most periods due to oil rafinery factories spread in sub-urban, and rural areas for this city. LAT and UAT are not passed for this primary pollutant (table 2).  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Fig 2.  Concentration trends for sulfur dioxide concentration in main sites, during January 2008, January 2012 and June 2012 (µg/m3). 
	 
	 
	Table 2. Annual limit value for the protection of human health (SO2)
	Threshold
	Frequency
	Value (µg/m3)
	Upper Assessment Threshold
	Not to be exceeded more than 3 times a year
	75
	Lower Assessment Threshold
	Not to be exceeded more than 3 times a year
	50
	 
	The most severe pollution events occur when a combination of light winds and suppressed vertical mixing prevents the dispersion of pollutants from an urban center. The process of ozone formation typically requires several hours and occurs only at times of bright sunlight and warm temperatures. During June the average minimum-maximum temperature is 160C-280C while during January it is 20C-120C. For this reason, peak ozone values typically are found downwind of major cities rather than in the urban center (figure 3). During severe events with light winds, high ozone concentrations are more likely to occur closer to the city center.  There are neither LAT nor UAT defined for this pollutant. In addition, the observed values can hardly be compared to any target value or long term objective (based on hourly values, 8 hour values or AOT). 
	 
	 
	 
	 
	 
	 
	  
	 
	Fig. 3.  Concentration trends for Ozone concentration in main sites, during January 2008 and June 2012 (µg/m3). 
	 
	Concentrations of benzene were highest at traffic stations, as gasoline is still one of the most important sources of benzene. Concentrations measured at traffic stations decreased steadily from January 2008 to January 2012 (figure 4). Benzene concentrations at urban and rural stations show lower decrease during the same period.  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Fig. 4.  Concentration trends for benzene concentration in main sites, during January 2008, January 2012 and June 2012 (µg/m3). 
	 
	There are several processes that have impact on the removal process of benzene in ambient air, like the photochemical degradation of benzene which also contributes to ozone formation, and the chemical reactivity of benzene is relatively low. An atmospheric lifetime of several days is sufficient for benzene to be transported over long distances. 
	In June 2008, levels of benzene were low due to high photochemical degradation and only 12 % of concentration values exceeded LAT and UAT (table 3). In January 2008 and January 2012 respectively 85.7% and 78.6% of concentration values exceeded LAT while 21.4% and 50% exceeded UAT limit.   
	 
	Table 3. Annual limit value for the protection of human health (C6H6)
	Threshold
	Frequency
	Value (µg/m3)
	Upper Assessment Threshold
	Annual average
	3.5 
	Lower Assessment Threshold
	Annual average
	2  
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