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Fig. 2. XRD pattern of Fe0 nanoparticle synthesized by 
Ascorbic Acid 
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Table 1. Development of a central combined design to study the impacts of the variables involved on Pb removal 

efficiency from aqueous solutions 

Run 
order pH AAS – ZVIN dosage (g/L) Initial concentration 

of Pb (II) (mg/L) Time (min) Pb (II) removal 
efficiency (%)

1 2 0.50 5 5 63.40 
2 7 0.50 5 5 58.40 
3 2 2.00 5 5 56.40 
4 7 2.00 5 5 31.40 
5 2 0.50 25 5 23.66 
6 7 0.50 25 5 56.04 
7 2 2.00 25 5 59.56 
8 7 2.00 25 5 76.24 
9 2 0.50 5 60 65.00 

10 7 0.50 5 60 66.00 
11 2 2.00 5 60 82.40 
12 7 2.00 5 60 86.40 
13 2 0.50 25 60 26.20 
14 7 0.50 25 60 53.68 
15 2 2.00 25 60 78.28 
16 7 2.00 25 60 92.20 
17 2 1.00 10 20 51.40 
18 7 1.00 10 20 75.60 
19 5 0.50 10 20 72.30 
20 5 1.00 10 20 46.40 
21 5 1.00 10 20 46.40 
22 5 1.00 10 20 46.80 
23 5 1.00 10 20 26.85 
24 5 1.00 10 20 49.50 
25 5 1.00 10 20 46.40 
26 5 1.00 10 20 47.60 
27 5 1.00 10 20 46.40 
28 5 1.00 10 20 46.40 
29 5 1.00 10 20 46.00 
30 5 1.00 10 20 48.20 
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�|*�)- @
^˚x/tt=2θ4	P� ��� %&#� 0)&� 0�&* 	&, 	&5��n�&�$
23� &
C���� % ,	&P'.(Zhang et al. 2011; Alidokhti et al. 

2011) 

����[��QQ0� /�QQ� #7QQ� O�QQ� ��/2QQ��� 3�QQ6 	QQ�K �QQ� 
AAS – ZVIN 

��,�Y?- !�# ��(��3' 	��,"�	'�"�P�	,�&# v<&# ��	& : 
��5*	6 ='	� 0�U�	� �<2� �'	V�/%P� �<2� ��3'��9����&�� 

�� �<2� U*�'��l )� 
	[���[+' �,
	&[�� JI	&'�"�9)&�.��&,�
()' �	#���A�� v<&# ¥&#	@ 0�	b5&#� )&� .�	& : ��5*	&6 ~�&. 

W*�' U*�'��¥#	@ 	'�"�9	��@
9,
+�0)� ��,� ,
�+�	&#�
�� (�)� ]4	P� 0��� 0)� %#�.

,&�k	#� �&�$5�&	�/n&�^<,��&�,�[��,
$¥&#	@ )4	')&��� 
Y?- (�_5'
	���=251' ��,�	���5*	6 �,W1- ���	X' )+: 
���� ������ ��,
4	)�

y= +56.10+5.57x1 + 9.47x2 – 2.78x3 + 8.27x4- 3.22x1x2

6.57x1x3+1.32x1x4 + 8.62x2x3+6.83x2x4-3.96x3x4+
)Q(29.82x2

2 – 27.19x3
2 – 15.50x2

4

�<,�� ,
$'
L�	
$G	X,�' ()' �	&<� d&#�� 4�&'�" F,&
4	
'���� .(�)� H	��5'��	@�#�7�
4�	5��n=&F	- ��&@
9,
&+�

v<# ¥#	@ ()' �&��� 
�� 4	')&��� Y?&- !�&# d&#�� AAS - 

ZVIN ��W�	8 �	�"
U����h�	 ��4	P� '�)��.��v<&# �.�
4	&+ 
\I F��&/)2'&��) F/I\/]Q�,%#� '"&)�*,&�~�>� ,
�5P ��

/%�?��U
�	�" h�	���� 4	')��� Y?- !�# ��~�. W*�' �U*�' 
Table 2. Variance analysis  Pb removal efficiency in the central combined design 

F - value Mean square Sum of squares Degree of 
freedom 

Source of 
variations 

16.09614.198598.7014Regression 
38.18572.7115Residuals 

 81.24568.717Lack of fit

0.50 4.00 8
Experimental 

error
9171.4129Total 

zs/f=R2�yx/f=R2 (adj)

/%�? �����	2' � 0)� ���"�, ���
#�7� W���>pY?- 4	')��� �, !�#�U*�' W*�' ~�. ��
Table 3. Estimated regression coefficients and p values for Pb removal in the central combined design 

P - value Mean square Degree of 
freedomSum of squares Source of variations 

<0.0017*554.59 1554.59pH (X1)
<0.0001*1434.52 11434.52 AAS – ZNIN dosage (X2)
ns0.0917 123.99 1123.99 Initial concentration of Pb (II) (X3)
<0.0001*1223.08 11223.08 Time (X4)
ns0.0535 167.63 1167.63 X1X2

0.0006*709.17 1709.17 X1X3
ns0.4011 28.52 128.52 X1X4
<0.0001 1188.53 11188.53 X2X3

0.0005*754.76 1754.76 X2X4

0.0201*258.33 1258.33 X3X4

0.0028*488.19 1488.19 (X1)2

0.0012*609.65 1609.65 (X2)2

ns0.0590 159.44 1159.44 (X3)3

0.0238*241.54 1241.54 (X4)2

38.18 15572.71 Residuals 

29 9171.41 Total 

:*�+X'v<# �� ���]� %ns�+X' 
)V :���
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��)2' F(�)� )H�/H=F(%&#� .�&�5� $
�&[ 4	&P� &'�)&�� �&* 
���	X' ���� 
�� /0)� �K��� &+X'���� %&#� �&'�)&���� &1,
�	���

_�

G�� ����v<# ¥#	@ ���	X' #�7�
4�4	P� )�� .�	&2'��R2�
R2(adj) �&, ���&&
W�&,��, \J/I���/I�&&, %&&#� )&'" �&&* �L�	&&
, 

G�)8 �D	, ()' �&��� 
�� ��9
&@ �&+
, 	&��d���&� 9�	&'�" 
%#� .���, ��+�� ()' A���&, 0)&� ��	&���� �,�&� ���&, A����&@ 

G	VO.� �5��� )�	,/
�D %#� �*)adj(R2�R2����� $���D	&, 
��)2' )+�	, .���:��)2' R2�, ^�^��U� �&� )&�	,/G�)&8 ()&' 

A���, �56	� ���
F�� G��

_� ¥#	@ �,4��+V �X,	� ���	&��
_5'
251'&=5P
,&�%#�(Prectha & Viruthagiri 2007)V .&0�O ,&�

4" ��,�X�

$��&>�/W���	&�"
U��� &�h�	 ��&,�&#��,�*
b&
%
�	'"�()' 0�	b5#� )�(�)�)J(.

�����e� �
l0� �6%b%� m;� n��� 

�, ��R+' ��� , �&>��
v#
`5&1 	&���	&, )&+: ������&�����/
	���9#)+��/�,��0M������ ��)&X,���&# )&X,��&5 ,�$A�� 

%#� .=�� 	��J/N��	����������)&X,���&# )&X,�Y?&- 
!�# ��(��3' 	��,"�	,����� _5'
	�� ��4	P� '�)�� .�S�AAS 

- ZVIN �pH �,4	')��� Y?- !�# ��(��3' 	��,"���=�&� 
J0)'" %#�.	,���� �,=�� J'�4��&� 0)�	&P' ��&* �&* �|*�)&- 

4	')��� Y?- !�# )\J/\�)F�� (��%&R�� H
�&7 ���
�&5 ��
AAS – ZVIN �pH �,��,�'�)�	, .d,��� 251'
��,
$%&R�� 

��	� $&�" 6���b&F
5�U5+&# 0)&� �pH �&, Y?&- !�&# 0)�	&P' 
'���� .	&, �U&6��9%&R��AAS – ZVIN  �pH 4	')&��� Y?&- 

!�# ��(��3' 	&��&,"��U&6��9&'��)&,	 .�����	&2' �D	&, pH 
�	[�� ��D )
1*��)
� $�" (	X6�
� ��Y��.� �5&1� G�����	&� ��

9�	&&* (	&&25�� 4��&&5��� �����	&&* Y?&&- �S�&&' !�&&# %&&#� 
(O’Carroll et al. 2013) .�V
0��U �4��	&��� ,&
4	)&���* �&* ��

pH�	� ��D	&, 0��&7 =
&1*��)
� /v<&# ����� �	&, �&b+' 0��&, �
�V	, !?� 4�
�	* 	��'��&� (Alizadeh et al. 2010) .��Y�&. 

���L�����	2' `*pH/%R�� 4����@ �	�� 0��, �*�[+' �,%&,	8� 
$
, H+�!�# ���, 0	L�	� �	� (	X6 G�����	� $�" �&' ��&� ���

�)'"�	* Y?- !�# �')�	* .$
+m�� �����	2' `*pH/%'	a> 
��D �V	j' $
, G�����	� �(�&�3' 	&� �&, ��&. =&,	8 �&R-O' ��

9�	* �'),	� ��[+' �,9�	* 4	')��� Y?- !�# ��d
&3' �	&� 
�," �'��� (Uzum et al. 2009).9��U6� %R�� AAS – ZVIN 

�V	, 9��U6� =3' �	� (	X6 �9+*�� ��?@ /�3<# !?� �4	&�'� 
���&&��, �5&&P
, $
&&, !�&&# �G�����	&&� �9��U&&6� 9+&&*�� �	&&� 

4�
#�)
1*� �	
-� �'4" �@ �� �l ��� 4	�' �	� ��k�5#� ���, 
4�&&� !�&&# ����&&[
5� 4	')&&��� Y?&&- !�&&# 9��U&&6� �&&' )&&,	�

(Ramazanpour Esfahani et al. 2014).
�&&S� %&&R�� ���&&
�!�&&# W&&1- �&&,'
&&��
�&&7 ���
�&&5 �%&&R�� 

AAS – ZVIN  W1- �,
�7 ���
�5��Y?&- !�&# ��=�&� N
0)&&&'" %&&&#� .	&&&5��n4	&&&P� ��� ��,�	&&&* �/I	&&&� �/I
�&&&7 ��

AAS – ZVIN W�# Y?- !�# ��%R�� 	��	@
�$��)�	�HI
'
��&7&
����
5&�#&!�('���� �	,�U6��9%R�� !�# '&
4�U 
-&Y?*&9�	 '�&�),	.�X�	<' �� (	# �� ��HIIJ ��� ��=�D� 

Fig. 3. 2-D (A) and 3-D (B) diagrams of Pb removal at different AAS-ZVIN (g/L) concentrations and pH levels 

<=>�������� ���)X, )A(��#�)X, )B(Y?- !�# 	,�
S;� %R�� �	� AAS - ZVIN)
�7 ���5
� (�pH 

(A) 
Pb removal (%) 
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Fig. 4. 2-D (A) and 3-D (B) diagrams of Pb removal at different AAS-ZVIN (g/L) and Pb (mg/L) concentrations 

<=> 4������� ���)X, )A(��#�)X, )B(Y?- !�# 	,�
S;� %R�� �	� AAS – ZVIN)
�7 ���5
� (�%R�� �	� !�# )��
' 
�7 ���5
�(

Fig. 5. 2-D (A) and 3-D (B) diagrams of Pb removal at different AAS-ZVIN concentrations (g/L) and times (min) 

<=> @������� ���)X, )A(��#�)X, )B(Y?- !�# 	,�
S;� %R�� �	� AAS – ZVIN )
�7 ���5
� (�4	'� )�2
8�(

$�� �'� ��)X� =3' �	� ��)3' !�	� 	&� 5&1��� %&#� 0)&� ��&* ��
%R�� �	� D	, �	�&�� �&' )��&� ���5�
�&[ )&F�� Y?&- �&F	+V 
9�	* '��),	 (Zhang 2003) .$�� 5�&n�	 ,&	�&�56	 �	� ��i�	&j'� 

�� 4��	��� � ��	 bF� '&��� -&Y?!�&# d&#�� ��	&� G��� $&�" 
�b&&F 6��
&&5�	@&&���) 0)&&� 	&&, &&�@��*���&&
^&&#�
)%&&2,	<' ���� 

(Ramazanpour Esfahani et al. 2014) . �,	&F��&
U�&, 	&5��n
 ,	P'������' Y?- !�# ��(��3' 	��,"�%#� �%&6	 �&* 	&, 

	5��n��23� $
C%2,	<' ���� (Saberi 2012).d,��� ,
$4	&'� �
%R�� AAS–ZVIN �,)F�� 4	')��� Y?- !�# ��(��3' 	&��

,"���=�� �0)'" %#�.	,�&��� �&, =�&� �	&, �U&6��9%&R�� 
AAS–ZVIN �/4	'� '
4�U Y?- !�# �U6��9'��)&,	 .�|*�)&- 

4	')&&&&��� Y?&&&&- !�&&&&# ��%&&&&R�� H
�&&&&7 ���
�&&&&5 ��
AAS–ZVIN �.�HI	�QI8�
�2)� =F	- ����U6��94	&'� 

)X,��HI8�
�&2 S;&�
���)&+:���4	')&��� Y?&- !�&# �)� %&� .
9��U6� 4	'� �V	, 9�	* ��D Y��.� G��� !�	� ���$�� %& � 
�V	, 9�	* %'�	2' ��D ��	� Y��.� G��� !�	&� ���&, (	&25�� 

�' ���7 .`�$
+: 	,%�?7 4	'� �	[�� 0�b- ��7���&� ��~�<&# 
$�" 9
, ��/0)� ���[
5� v<# �<2' !�	&� 9��U&6� �&[+' ��&, 

9��U6� ����	* Y?- !�# �'���7(Ruangchainikom 2006) . 

4� D
0� 3�
9 
�&G�����	 �"&$�5
6���bF �,=
�� $5��� ���� �Z3+' �,��6 ��
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Pb removal (%) 
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Pb removal (%) 
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