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Abstract  
Some of the nanoparticles such as zinc oxide have a significant antibacterial activity 
that can be used in removal of pathogenic organisms in certain water resources 
application. This study was specifically undertaken to investigate the use of cement 
matrix modified with Zinc oxide nanoparticles to prevent the growth of Pseudomonas 
aeruginosa and Bacillus cereus. The results showed that ZnO nanoparticles with the size 
lower than 20 nm were dispersed well in the cement matrix. Results also showed that 
inhibitory effect against gram-negative bacterium of Pseudomonas aeruginosa was 
higher than gram-positive bacterium of Bacillus cereus. Also, confinement of ZnO 
nanoparticles by cement materials reduced the photocatalytic activity slightly. Based on 
the preparation of antibacterial formulation of cement matrix containing ZnO 
nanoparticles, concrete surfaces with ZnO nanoparticles can be used in a wide range of 
aquatic environments for prevention of pathogenic bacterial growth. 
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Fig. 1. Schematic diagram of oxidation reactions - 
reduction mechanism of photocatalytic nanomaterials 
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����, �E�n�?�

'U
 nnnn� ���%� �)NaOH % (E�nnnn�?� �%� -�	nnnn5�$q�nnnn�� 
(Zn(NO3)2. 6H2O) . , ��Y� 

f�� ,L��	� 	2
 /
 �� E��?� %� <
� $6nW�] E�[?� ��
  nn�� �nn�]	� �� .��nn, 6nnW�] E�nn�?� %� <nn
� �
����nn, R@nn��% ��

�� ��N@� -���n�� D�/
G�� 
� � , ()*���  n� �%� �%�� H n,
 a=� �� �	'�y % �/
G�� 
� ��  @5�	� ��	!�Y$� %()* >	n4	� 

��, .�
�Y$ �� �n� ��nN@� �n&�� �
����n, 
� o%	n* ��5*�n� �� �
�%� ���%� �'Zn(OH)2()* -����� DD6n�! �n�]	� �� H n,
��	! H��� �%�� o��n* �nY$� �
����, ��5*�� �� 
� ��  @5�	� ��n, 

 �nn��� -����$�nn$ D�
�nnY$ E�nn[?� % ( $�nn, �@�n���)�%�(ZnO) 
.��, 6W�] 
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<=<=�R*� 	6�� x�+( Y'��2�~

�� ��N@� 5*�� -��W�[* % ��� D��$ ��i)� % ���	�n���n�� ��
 fn/
� ��n,� O�	n3 G���$� DH , G5@� �%� ���� -����$�$ �%� 	n�

 -��W �� H�25n�� �� R
�n��� <
� "�#$� ��	� .��	� XRD E n�
Philips X’Pert Pro ��	,  ����Philips �� �'G���$� . , H��\5��

 �
%�� H�% ?�pK���K
�G�� �� �&�� 	n��	� "�� RKp/K��	n�2θ

"�#$� ,.

<=I=/&,�� /2�+#R�� �5R��+R'� /��+,�

�nn� ��nnN@�  �nn��� -����$�nn$ ��nn��� �nn��	� �� H nn, G5@nn� �%�
 �$%	5/�� }�/�%	/��)�%��E �EM3200 . , H��\5�� 

<=[=E��-'74� M��}52�2 E�"�5
, O�5#� 
A�-2� 	U��P� 

���� +��5� H�� $� ����?� ��	� :��� 	� �'H��� �'O�	n3 ����n�$ �
�� f/
� ��,�������  , H��\5�� �	, 

)I(
θβ

λ
=τ

cos
k

������ <
� �� �S 
τ���� +��5� H�� $� Ln�] 	n� 	5��$�n$ DK��n�� 6/n, L
	n1 Dλ

E�4 o�� 
�n����� H n@@� � �n�	3 �An)�)�) fn/
kα	n��	� fn�
IJ�/K(.��� Dβ) �@�n)�� ��n\��� zn[$ �� (n�3 ��@Y3FWHM D

L�]	�  , 6
 �� E�4  ]�% �� �� �&�� D(θLn�]	� O�	3 �
%��
�&�� .��� 

<=_=/�+D� 1��'� 

�nn� ��nnN@� "�nn#$��nn���R
�� �nn'nn����� �nn��5�%�nnB� H��J/JpW- 
E% n& �� ����n� -��� �
����, G���$� . , H��\5��I�n�$ R
H��� 

��� H ,.

<=`=M��}52�!2 E��!. /2��'!� 	!*�( ��5� 15'�c5�+� 	'3G

E�� -'74� 

�� ��N@� <n2�' �4��i� ��#
� �n� �� -����$�n$ Ln��@� �� n@��	3
 D����� +�?��$����� �%�] �$���N�Z �'��$�$ z�5i� �-�� 

1 Xray Diffraction (XRD) 
2 Scanning Electron Microscop (SEM) 

��-9�=��$��G,�����
����� �	[��R'%_3 <
� �� 
Table 2. Chemical characteristics of cement 

used in this study 
%Compound

23.1 SiO2
4.2Al2O3

0.42Fe2O3
65.2CaO
2.5MgO
2SO3

0.25Na2O
1.5LOl

0.35K2O

��Y� 
� �� �%� ����,�� %  - �PK	�5n�� �@2� �� �B�!��Un'
 
�	n3 (�$���	5�� �� H��\5�� �� f�� . , H�� f$�n�	� �n� ���IJK 

�� G�	'���� - �PKH��� ��	n! -�nW ����n� o��n�� �n?� �nB�!�
 H n@��	3 E�n�?� +�n?� �� w.��n� �%� �n��� -��� �$�n$ �n�  $ n,

 . $�,f3�����]	� <
	�H n, H n@��	3 �%� �n��� -��� �$�$ w��

 H�%G�� ��	[� ����� �� D
� +�?� ��. $ , 

<=l=/2��'� 	*�( ��5� 

<
� ��R'%_3 ����Yj -%�n\5� �@
G2
�n&  W�� �� `.5*� X	4
 ���� -����$�$ . , H��\5�� �%��$���� �'�$���� ����� H��\5n�� 

������ - � ���n�R
D�nn?$ �n��n!nL�� ��	n�  $ n, a=n� �n�
+�?� �� :��� �� A=B� �% ] �� �� ����	�3 q/Q�5$�� An�	� 	n5�

 E% &)  ,��p(.

��-9�=���$ �'�X	4 `.5*� �$���� �'���$���
Table 2. Concrete specimen mix design proportions 

<=l=8=	25�A� T�#B� 
5P2 /2��'� E�" 

�n� ��nnN@� ̀ .5nn*� �� ��n@��4� -����$�nn$ <n2�' Rnni3 % Ln��@�
 ����$�����) H , �� fn3 D�$���n� �$���� +�?� �� (H , H @��	3

 ���� -����$�$ ����$����� ��Y� �T$� c��=� �%� n3R���n�� 	n�
 �%�� ��	n[� ����� �� �B�!� (
 �4 -����$�$ �%�] E��?� D ,

 "�&`��i� <�%  n, ���1� �n� -��nW �n� �5n����. n, `�n�i�

No. Design 
Concrete 

(g)
)g(ZnO 

H2O
)g(

1 Control 600 0 180
2 Z – 0.1 599.4 0.6 180
3 Z – 0.5 597 3 180
4 Z – 1 594 6 180
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+��� �/�$�/� `.5*� f�� ̀ �n�i� <n� �n� �n� % �nB�!� %� - n�
) U� �7	�J±I�K . , "�#$� (�B�!� �� �%� 

f3 ���zn!�5� �/�$�/� `.5*� 6�7 ��]	� <
  n, �n4 �� %
PK "�& >�	4� �� �$���� H	��* ��$�8`��i� <�An�& �%� %  n, �

`.5n*� 6n�7 �nB�!� �� �4 �� w�� #� �n� n�% ��� ̀ �n�i� <n� �� %
) +��5� �7	�IK±p�J �� f�� . , "�#$� (�B�!� �� �%� - �
H	��* �B�!� (
 �%�� �$���� ��'L��! �n' % �n�Y� R�n3 �� �n� �


H���� H ,  $���D!L�� ��	� $ , �� %- �p���n�� �%�� �7�n�
 . $ , �5,�� H�2$ ���4� 

�$���� �%�� �� o%	* �� f3 �$���� ��'L��! �'D��- n�p�
�� �%��
�	
6�7 �%� , � $%����N@� �n5$� ��nW�* �n��	�

 E�
	5������� H��\5�� 5�	� ��	! @.

<=n=O'P�F&4 �"/*�*+#4�, E

�� ��N@�  �n��� -����$�n$ �%�n] �$���n� �n
�3 ���� -�	8� ���	� 
	� �%��U��$����%	/� �n�F� "	n� ��' :�h	n� :���n��� "	n� %
�nn\@����nn@
�%	h� :�$��%��nn� ��	nn� �nn@
	��$ �nn)� +�nn?� �� D

� n5�� D�n)� +�n?� <n
� �n�Y� ��	n� . , H��\5��IP���n3 �� "	n�
 �	n� ��	n, �*�� ��	� �@
	��$~<n��� �%�� �n5i
�  n, �n� %

	=B� 
� �� H��\5��D<n��� f�n� . n, H $�n�� 	5�� (
 �� �� U#]
�� - �IK!�H��� ��	n! �n��4�@{� �G�' �%� 	� �B�  n, ���n3 �n�

 ��	� �@
	��$����4 �� 6��� .��, 6] 	=B� 
� +�?� 
��]	� <
� �� f3����N@� <n��� D�n)� +�n?� ��	n� 6
	5n��

�� +�?� �%�] - n�pK�� �nB�!� �n���IpI % :��n��� �n&��
 ��nn)�J/I. nn, %.��nn�� ��nn��Y$�� �nn
IKnn��+�nn?� �� �nn�
H���� ��� H , ����$���� �$���� H�	�'���� ��	��D	
��B� �%�]

 �%� �nn��� -����$�nn$ �� ��%�nn\5�D nn, %.��nn�� ��/��nn� �%��.
�$��$ �'���� ��PK�%� D:����� �&��rpmIJK �n� %- n�p�

���/$� �7��  , $.
���nn$���� �nn' H�	nn�' �nn� �%� �nn��� -����$�nn$  nn!�� �$���nn� �
	5��nnnn��-����$�nnnn$ �� -%�nnnn\5� ��' nnnnW�� <�nnnn@T�' % �nnnn'

�nnn� -��nnnW �% nnn� ��	nnn� �nnn@
	��$ +�nnn?� �� ���nnn�$�����
 ��m] �n$���� �n' �	5��n� �n� H�	n�' % �$���n� ��n� ���n@7 E	n5@�
H��\5�� . , 

1 Merck 

<=u=�-'74� M��}52�2 15'72�h�5� 	'3GO'P� �� E� 

�� ��N@� �	/��7 ���	�� ,��[?� ���� -����$�$ �+��� �%�
 D�$���n� f
	���  �n��� -����$�n$ �� �$��n�$����� �n� �� �%�
-%�\5� �N�Z �� -%�n\5� 	
��nB� > n' <n
� cB?� ��	� . , ��Y�

 ��nn?$ �nn� �	5��nn� �nn)� +�nn?� �� H nn, ���nn�$����� -����$�nn$
 �$���� f
	��� �� H , <
G2
�& -����$�$ 	
��B� �� ��  , 
�i5$�
 -����$�n$ �	n/��7 ���	� 	� H%.7 ��� <
� �� . ,�� ���/
 �$����

 D�nn)� +�nn?� �� H nn, H nn@��	3nn����Gnn�� ���nn� ��nnW�* R'�nn�
 ���� -����$�$ �5����������� -�	8� �� �,�$ �%� � n,��[?� �

����� f
	��� +��� .�	� ���	� G�$ �� 

<=8w=15'��,5R2� O*�+� 

% ��Y� �� f3H���� ����$���� ��%G�� % �)� +�?� ��$���� ��'
��/��� �%�� �� ����3 -����$�$ % �%� ���� -����$�$ �%�] D�n'

 a�B�����	5�f�n� . n, "�n#$� ��' 	
� % 6
	5�� +
�	, �� G�$ �'
��/��� �� �	5��� % �)� +�?� �%�] ��'B(� U�$ E���� H , a�

 �
  @����IK�*J/IDE��� �� �� 	/�, 6*�� �� ��n�� �� ������/$�
PK �%� % :����� �&��rpm IJK ��- n�p���	n! �7�n� H���

  $ ,  ,� �
�Y$ �� %	5����.��	� ��	! ���
��� ���� �'����N@� 
 ���� -����$�$ +��� ����� ����  @
�	� "�#$�%��$Gn� ©n�b ��

����%UV-A 	/�n, ��  n, H��\5n�� ����n��/$�.�n� ��nN@� <�n���
 >C]  W��	5����+��� �'�$���� �'�%�n] �$���� �-����$�n$ 

 ,� �� �	����& <�@T�' % �%� ����	5������ �' D�n)� +�?�
 �������� p , H��\5�� 

)p(100
C

TC
*

−
=	5��� >C]  W����'

�� �� �SCE	5@� DT����� .��� 

<=88=
A�-2� :/*�*+#4�, -�� E+' 
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�nn�	/�� �nn)� ���nn$ 
Cnn& :�nn�� )OD600 ��	nn� . nn, H��\5nn�� (

H�� $� �+�?� -�% � ��G�� �	� �n� ���n@7  n,� ��Gn�� �� ���n���
 H�25nn�� �� D�
�nn
	5��� E��nn�	5��5�%	5M�nn�� ��E�nn4 o�nn� qKK 

. , H��\5�� 	5��$�$<
� �� ��N@�I���� 	5�� �n)� ����$����� ��
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f�� . , ���\
	5$�� �� �	5���I���� 	n5�� <���n�	��� -�\n�� ��
 ����$�����  n,H%�� 	5��5�%	5/�n�� H�25n�� +n��� E�n4 o�n� 

qKK 	5��$�nn$D
Cnn&�nn$��$ �nn' �nnh�	!nn, <���nn�	��� -�\nn�� �� . 
�� ���@7 . , H��\5�� H�25�� ��	� 	\W ��	�  '�, 

� "�bn�� �n��� 	<
� ��R'%_n3 �n?� ��	n���� nW��nR'�n�  
�	5��nnn� O%� 	nnn� H%.nnn7 D�5nnn����������� >Cnnn] ��  nnn�� �nnn'

�	5��� ����$����� D�	5��5�%	5/��� �n� �n/�$ -�\�� 	��� �� �'
J�n@
	��$ +�?� �%� 	� �)� f�� %  , ��Y� D�!� 	��	� ��n��

 �	5��nn� O���nn, ��  nn�� �Cnn� .�nn�	� "�nn#$� �� nn�� ��nn��?� % �nn'
�	5��� D�n!� E�
	n� fn/7 �n� �&�� �� ����$����� �� H $� ��'

����?� R'��  W�� .��� c�=@� ���! O%� �� DO%� <
� �� H , 

I=�P, � �*�#2 
I=8=Y#@�M��} 52�2 E��-'74� 

��	��G���n$� �� H��\5n�� �n� �n5�	� -��nW ��'XRD %SEM 	n�
 �%�-��� �$�$ ���  �n��� -��� �$�n$ Ln��@� G5@n� 	2$�n�� H n, � 

.��� �%� 
���' ��4 6/, �� ��pH '�)�����,D �n��� -����$�$ �%�

 �����3(� n@�� ��'�	2$�n�� �n� �n�� ��5*�n� Ln��@� 6�/n)�
 -����$�$ �������� <�@T�' .��	��(n�� �� �5�	� -��W ��'

"	$ ��G�� X’pert ��)$ H @'� Ln��@� ��n�=$�3(n� �n� ��n&�� ��n'
 �� ��&�� A&	� ��'�2��"	$ �G��.��� �

Fig. 2. XRD diffractogram for ZnO nanoparticles. Note: 
size of nanoparticles was < 20 nm 

QR��=�����$ O�	3 ��,� �
f/�$�$ ���� %�.�+��� -��� H�� $�

 �� 	5�� O%� <
���	5��$�$ 

Fig. 3. Monomodal and spherical shape of the ZnO 
nanoparticles  observed in scanning electron microscope 
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R�Q�=�[�
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����%� �� D�%�  ���� -����$�$ .�-��W�*��@/
 % �%	� 

	�����n$%	5/�� }�/n�%	/�� �� H��\5n�� �n� �n5�	� -��nW ��n'
 �)�%�SEM  ���� -����$�$ G5@� 	2$��� �n� �%	n� 6/n, �� �%�

 �� 	5�� �����pK6/,) ��� 	5��$�$P(.
 ���� -����$�$ ����� ��5*�� +��5� H�� $� <���� :�n�� 	� �%�

, �=���n5$ % �	n3 G���$� �
�nO�	�,�nf/
� �n��] Gn�$n�� �G5@n�
 �% ] <
���� H�� $� �� ������$�$��/~�.��� 

���' ��n4 �n� n3R� �n��� -����$�n$ D n, ��n�� Gn�$ 	n� �%�
�� ��N@� 6!� n] �� ���$ ����� ���� ������ �	n$��<n
� �n�  n$���

 	n' ��	$�  $�� �� �&�� �� ��	$� 6!� ] H���$�n$ �in)� n����n, .
c��=� R'%_n3 ��n'  �n��� -����$�n$ ��	n� �n5�	� -��nW D�%�

 "�b ��	nn$� ��Gnn�� ��	nn� 	nn��	� ��	nn$�  nn$�� �� �%	nn5/�� �Cnn�P/P
�%	5/�� ��% ���5�	� 	N$ H , ���.(Dutta, 2016) 
�� 5$:��� 	� �#�-b���� P��J����?� �� "� !� E�n4 o�n� 
���� $�����	� ��� �$�$ ����� ���� ������ ��Z� , ��	[� -

)P(E= hv 

)�(Ci=vλi

)J(E= h(C/λ)

�� �� �S 
E"�b ��	nn$���	nn� �%	nn5/�� �nn25i�2$�	� Lnn�] 	nn�DE%� V

f$��	� D�n�$�8 	n� Gn�	' L�] 	�h) (n$.3 �n��8P�eIK*qP/q
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(��$�8 �� E%� DC) ��$ �7	�~��*��/��� D�n�$�8 	n� 	5� «n*(D
 E�4 o�� L�] 	�.��� 	5� �C� �)��� f$��	� ��G������ $��n�
�� ��N@� �� �%	5/�� �25i�2$�	�  �n��� -����$�n$ �%� :�n�� 	n�

-b���� ����	��	�nmPrr =λ�� . �� ��� 
�n� ��n�$ �%� �n��� -��� �$�n$ � , E��� ��	� b�� �
�5$ :��� 	�

 �� �)���E�4 o�� �% ] ��Prr 	5��$�$��� <
� ��E�4 o�� 	n�
:��� E% &�H�% ?� ��E�4 o�� UV-A ��	n! n���� �n� �	n��

 �nnn)��� ��nnn'��	3 H%	nnn�nnn���	nnn1�nnnB�4  nnn@� �nnn����nnn, 
(Soltz et al., 2008) <
� �� 6��� <��' �� . R'%_n3 <n
� �� E�n4 

o�� 	/�, H�25�� �� . , H��\5�� ������/$� 

9��- �=����<E�4 o�� %�	$��R��� �'�z�5i� 
(Soltz et al., 2008) 

Table 3. Determination of different radiation wavelength 
and energy (Soltz et al., 2008) 

No. Radiation 
(Em)

λ
)nm(

Energy
)ev(

1 UV- C 100-280 4.43-12.4 
2 UV- B 280-315 3.94-4.43 
3 UV- A 315-380 3.3-3.94
4 (Visible light) 380-780 1.6-3.3

I=<=E��. /2��'� 	25�A� FB��M��}52�2 E��-'74� 

<n
� �� R'%_n3 6/nn, ��n��� % 6/n, c��n=� �$���n� �n$���� ���
H��\5�� ,.

Fig. 4. Photo view of concrete specimen used in this 
study 
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 -�� ��3�+#4�,E�"
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�Gn��  n'� �� nB�  �n��� -����$�n$ 
% ���n$ �n����� R
�G�� L�� D�)� +�?� �� (H @@� ����) �%�

 -����$�$ �� �5����������� ������ H���� R
�G�� �� �3 ������, 
�� ��4��	5��n� �� �	5n)��  nW�� D�n�� ���! �� �� ��n&�� ��n'

 �� H nn
 3 <nn
� �n�7 �nn�  nn@
��$ �n
G#� % Lnn
	i� �� �nn)� +�n?�
�n��n�� ���nR
�GR@��% 'n����� �n��� n3 �� % ��n� �� �nn���n 

���E�/
 ) ���� ��'OH .��$�� 	5)�� ( 
���' ��4 6/n, �� �n�J%qH '�n)� n�����n�$����� ��n,

��$�$ ���� -�� �� ���$ �)� +�?� �� �%��$���� �'�$���n� �
]n$ �%�n ���� -����$� 5$� ��W�* �� �%�nn�
	5���nE��	nn5)��

*	�n�����% ��� B�n�� �	5)�� 	
��	5����'n+�?� �� ��&�� �� 

Fig. 5. Growth inhibition of Pseudomonas aeruginosa in 
culture medium by cement based materials containing 

ZnO nanoparticles and suspension of free ZnO 
nanoparticles 

QR�m= ,� ��Y� 	5����:�$��%��� ���@
�%	h� ���)� +�?� 
�� �%��� ���� �3
���$���%�]��$�$ -��� %���$����� ���� �$�$-��� 

���� %��

Fig. 6. Growth inhibition of Bacillus cereus in culture 
medium by cement based materials containing ZnO 

nanoparticles and suspension of free ZnO nanoparticles 
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L
	i� �� �)��� @S%L��	� <
� �� �n� +�n?� -�% � ��G�� ��
 �	5)�� ��G���� �5��S ��,.-����$�n$ ��nm]  nW�� R
�Gn�� �n�

 �nn��� �nn� X�=nn� D���� ���nn�$����� % ����nn� +�nn?� �� �%�
 �� �5nnn����������� ��nnnW�*�nnnY$� �Gnnn��R
��nnnW�* % �nnn5��


 �� ����� �����Y$� ��L��	� 	5)������ H 
 3 <
� �� ��,������
�� X�1% �� @)� -� ! R
�G�� ��	5������ -����$�n$ +n��� �'

6/, ��' J%q.�	� H '�)� G�$ ��6/, �'�r%�>Cn]  nW��
5���n�	�n���@
�%	h� :�$��%�� %� :������n:�h	 �n���� +�� 

Fig. 7. Comparison of Pseudomonas strain percent 
removal by free nanoparticles in culture medium and 

loaded in cement matrix  
QR��=�	5��� >C]  W�� ��
�B� :�$��%��� -��� �$�$ ��m] ��

����� f
	��� �� % �)� +�?� �� ���� 

Fig. 8. Comparison of Bacillus strain percent removal by 
free nanoparticles in culture medium and loaded in 

cement matrix 
QR�~=�B�
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� R'%_nn3 
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Fig. 9. Comparison of bacterial percent removal for 
Bacillus and Pseudomonas by cement matrix containing 

ZnO nanoparticles 
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Fig. 10. Comparison of bacterial percent removal for 
Bacillus and Pseudomonas by free suspension of ZnO 

nanoparticles 
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 nn,� �� �	���nn�& L�nn� H���nn
� <nn
� Lnn
	i� %�nnY$� nn�� $�nn,
(Madigan et al., 1997) �� �&�� �� �5��� .3H �T� ��5*�n� ���n� 	n�

 H���
�	5�����n� ��n�$ �\@� "	� ��' 	5��n��% �n�F� "	n� ��n'
 <
� 	5)�� ��%�B�	5������ �'5$��(����� �'���,�� ��Yy� ����

 <
� >C] ��	5���� ,� �� �	����& �
 % �'���n' ���U5n�� ��n'
 (�� �� 
.1�� % 
� U5��� 6F� ���R,�3 �n' �$���n� �n
�3 �

 ���� -����$�$ �%�] �%��� $���. ,��  �\� 
R'%_3 �*	� �� �'����N@� �� n@��	3 	n5Y� -����$�n$ ��`�n�i� 

D����� � n5�� ����$�n$-�n� 
�`�n�i� n,H %f�n� �n� `�n�i�D
����� ���1� ��� H , (Husken et al., 2009).

<�@T�'R'%_3 ��' �n� ��n)$ �5�	� -��W �$�n��  n@'� �n� 
-����$�$ ��n�� ��n��H n@��	3 �n�  $�n,DH�� n$� �n*��� �n'��nY$� 

�� L��	� |�G� 	���H�� $� ���%� ����, �n*	� �� �n�� "�b </�n� .
O%� �'H��\5�� -����$�$ 	5Y� Ri3 ��	� �/�$�/� ���n, �� �n/
 .

 <nn
� <
	�	8lnn�O%� �nn' �nn�� (�$�nn��	5�� o��nn�� �� H��\5nn�� 
(Bagheri et al., 2013) ����$����� �� (�$���	5�� o���� ��#
� .

 D�	5��$�$ c��� -����,%� 	8l���>C]�*��� �'<n
� �� .���
��?� �� (�$���	5�� �� �$��� DO%� E��7� E��D��n, 
�n�] �n' �


 ��#
� E��?� �%�� %	/�� :��B� ����.��, 
��f��3 �'<
� D(�$���	5�� o���� �5)�	� % ��� �
�n�] �n' 

���=B$ �� �� ��)� R
�G�� �� 	#@� � ��	� <
� %  @�	� �n� ��n, .
U' �� % � , �	* L&�� � ��	� �� 6W�] ��, � n, � n& -���

 �� H , H	��������Y$ -��� �$�$ 	5Y� � , Ri3 k7�� �
����n, 
(Sauter et al., 2008).
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