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(Shams 2010)A�� . 	����51��
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Y�Z' 	���* �������"��U6� �, ���%&#� 9(Maccarthy 2001) .
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<�&' 0�	b5#��)��&�.(Chen et al. 

2004; Huang et al. 2003; Sun et al. 2006; Xiong et al. 
2008) 

) �bF $�" G�����	�nZVI�� (�n�����&, 0�	b5#� ���' 0�	' $�
bZ�
	��� ��� !" � �	��'��
+��, ��	� G��� .%#� ��
%�1� =

' D	, `[- �, v<#�9+&*�� G)&� �, )+���� ?&@�� �&* /)+&�	, �&�$
' `���6 �� 4	�'��D" 	&, k	&�� 	&� )+*�0)&+ �U&6� 	&��9��� � �&56	
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1 Scaning Electron Microscope (SEM) 
2 X-ray Diffraction (XRD) 
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Fig. 1. SEM imagpe showing the spread of Fe0 nano-
particles on the surface of sand-sized (average diameter 

= 0.2 mm) Quartz grains 
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Fig. 2. X-ray scatter pattern for Fe0 nano-particles on the 
surface of sand-sized (average diameter= 0.2 mm) 

Quartz grains 
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a) Humic acid concentration: 0.00 mg/L 
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b) Humic acid concentration: 0.25 mg/L 
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c) Humic acid concentration: 0.75 mg/L 
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Fig. 4. Effects of pH andFe0 nano-particle concentration 
on nitrate removal efficiency in the presence of different 

Humic acid concentrations (a, b, c) from water 
containing 30 mg/L of nitrate 
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Table 1. Results of variance analysis of acidity and 

Humic acid effects on the nitrate removal from water 
using Fe0 nano-particles 

Variable n Mean of squares
Humic Acid (a) 2 27.125**
nZVI 2 6.478**
pH (b) 2 2.142**
a*b 4 2.406**
b*c 4 1.649**
a*c 4 4.369**
a*b*c 8 5.878**
Error 54 0.097
Variable coefficient 19.49
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�6	, ��@ 	,
/9+*�� %6�PpH 3'
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Fig. 5. Humic acid & pH interaction effect on nitrate 
removal form water containing 30 mg/L of nitrate 
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Fig. 6. Humic acid & Fe0 nano-particles interaction effect 
on nitrate removal form water containing 30 mg/L nitrate 
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Fig. 7. Fe0 nano-particles ×pH intercation effect on 
nitrate removal form water containing 30 mg/L nitrate 
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Fig. 8. Fe0 nano-particles × Humic acid × pH interaction 
effect on nitrate removal form water containing 30 mg/L 
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