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Abstract  
In order to ensure drinking water meets the standards, utilization of novel treatment technology 
with low cost and minimum effects on environment is inevitable. Zero-valent-iron in micro and 
nano scale is extensively used to remove wide range of contaminants from water. Besides the 
ZVI, granular activated carbon is used in household water purification systems as a low-price, 
porous medium that adsorbs different contaminants (e.g. organic species and chlorine) and 
modifies the odor and turbidity of water. The aim of this study is investigation of the efficiency 
of ZVI and GAC in the treatment of tap water. In this study, the efficiency of zero-valent-iron in 
scales of nano (NZVI, d50=50 nm) and micro (MZVI, d50=50 µm) and granular activated 
carbon (GAC, d50=1 mm) in purification of tap water is evaluated. For this purpose, five 
experimental columns (length=50 cm and inner diameter=2 cm) filled by nano and micro ZVI, 
and GAC in different mass percentages are prepared, whereas continuous tap water flow of 
Tehran at the rate of 4.4 ml/min during 28 days (totally 177 liters) is injected through each 
reactive column. Temporal variations of calcium, magnesium, sodium, potassium, nitrate, and 
total iron, as well electrical conductivity, pH in the influent waters to and effluent waters from 
the five reactive columns are sampled and analyzed three times over experimental time at the 
end of 1st, 7th, and 28th day (totally 18 samples). Simultaneously with the water sampling, the 
variations of pore water pressure along the columns are measured through pressure gauges. The 
results indicated that the reactive column containing NZVI (individually or combined with 
GAC) are proficient in reduction of ions concentration from the influent water in comparison to 
those containing MZVI and GAC. Decreasing the permeability of reactive materials, reduction 
of reactivity over time, release of iron into effluent water, and increase of water alkalinity are 
challenges accompanied by the columns containing NZVI. Results of this study reveal that 
combinational use of GAC and MZVI in household purification system provides a potentially 
promising reactive medium with acceptable pollutant removal efficacy and life-time, as well 
less side effects. 
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Fig. 1. Laboratory experimental setup used in this study 
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Table 1. Weights of reactive materials used in the five experimental columns in gram (the numbers in brackets 

indicate the mass percentage of each of the reactive materials in corresponding column) 
Total 

weight (g)GAC (%) NZVI (%) MZVI (%) Sand (%)Column 
number

370xx90 (24%)280 (76%)1

22545 (20%)x60 (27%)120 (53%)2

17535 (20%)45 (26%)x95 (54%)3

240x60 (25%)x180 (75%)4

8080 (100%)xxx5

Fig. 2. TEM (a) and XRD (b) Images of Nanofer STAR particles manufactured by Czech 
(www.nanoiron.cz/en/nanofer-star) 
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 ��A" <. � ; �)ev(D	��;� � �% ;� [H 
Table 2. Variation of water quality parameters in inlet and outlet flow of experimental columns  

during three sampling times steps (1st, 7th, and 28th day after experimental time) 
Water quality parameter (Unit)

Water sample Ca2+

(mg/L)
Mg2+

(mg/L) 
Na+

(mg/L) 
Total Fe 
(mg/L) 

K+

(mg/L) 
pH 
(-) 

EC 
(µs/cm) 

NO3
-

(mg/L) 
∆P*

(kPa) 
First Sampling (end of 1st day)
73.2 11.34 34.5 0.10 35.8 8.01 403.00 3.76 - Inflow
51.60 9.70 33.50 0.11 18.40 8.13 330.00 3.61 5.56 Outflow of C1 
39.30 10.70 31.60 0.13 24.30 8.05 367.00 3.70 5.49 Outflow of C2 
1.51 0.48 30.80 0.13 18.90 8.82 310.00 3.55 5.64 Outflow of C3 
38.70 7.50 29.70 0.22 8.85 9.23 268.00 3.10 6.03 Outflow of C4 
70.90 10.80 31.50 0.11 13.04 8.08 385.00 3.67 5.40 Outflow of C5 
Second Sampling (end of 7th day)
75.60 12.80 30.70 0.11 1.50 7.95 402.00 4.34 - Inflow
57.37 11.31 30.01 0.11 0.93 8.05 337.18 4.20 5.82 Outflow of C1 
46.30 12.20 28.69 0.13 1.11 7.86 371.47 4.28 5.66 Outflow of C2 
12.15 2.78 28.13 0.13 0.93 8.91 324.06 4.13 6.19 Outflow of C3 
43.64 9.36 27.37 0.21 0.61 9.13 291.55 3.66 6.11 Outflow of C4 
73.53 12.32 28.62 0.12 0.74 8.00 387.45 4.25 5.45 Outflow of C5 
Third Sampling (end of 28th day)
80.20 13.40 31.70 0.11 1.80 8.10 381.00 3.67 - Inflow
62.63 11.98 31.05 0.12 1.18 8.19 325.23 3.56 6.13 Outflow of C1 
51.95 12.83 29.81 0.13 1.37 8.01 354.73 3.63 5.91 Outflow of C2 
19.03 3.87 29.29 0.14 1.17 8.99 313.94 3.51 6.66 Outflow of C3 
49.39 10.13 28.58 0.21 0.83 9.19 285.97 3.15 6.72 Outflow of C4 
78.21 12.95 29.75 0.12 0.97 8.15 368.48 3.60 5.56 Outflow of C5 
* ∆P represents the difference of pore water pressure between two sides of each column. 

�6� V"�>* WU( 
��#�=� H��������"��+�A�����I;�# ����%��$ �) I#��	) �  ���
��
���� 3E�"  �"��$ *	$ �( ���4���% ��&�� ;� �|�3�� �	����"�
�/+�3� <��0	#� <�	���H <��� <��3E�" <4+ *"�  �����*pH <EC 

�$ ��@J Y?�(�  	J�� :� ������� *. #�$ �) ��"e�% I)�) I#
 
�� .��� �=� ���L3�	���+ ���&� 
���	� �) p�/�V� �b�@3+�  )����

���� �"���;�	^� #�N�) <D ���) ���%PV ��"������H ��L/� (�
+�A�
���� �) ��J ��"��$ �( :������� ;� �� ��"�
�/��� 
��


���� ��)����$ �) �� �|��3�� ��#=� 
� ���� <�	) �  ���
�� :�
���� 
��� 
+ �" 
B)�G�M
���O� 4!�% �) <#�% ��"�l f
�>���

.��� I#% ���� 
�" �) � <�"�YZ�� ��0 �	���� ��"�����; �#��
��;� S�7��	D<� 
+ #% 
���+	
�� *J�| D"��+ ����( �� O'�� ��

:Z$ �) (*��+  *"� ���T) �b@3+�  )���	��) �  :� ;� ��"�

����� 
� 
�� 
���B� .���� ��" B)��D3�+�  �9��� 4���@�� NZVI  
��	C��%�H�����; �) ��&�� ]'� �#% I# ��"��#�����	�� �)  �
�7
��� <�#% .�GJ�	� *�J�| D"�+ ��0���� ��NZVI ��.��� ��@ 

�) ����C3  �� 
+�NZVI+Sand   GAC <��� *	���@�� 
�/+ �N�39 �) YZ� #N�)�3� <��0	�  ��
� ���� ��� �� � 
�� ,����0

l/ji<M/jM<v/em#��N�) ���%Z� ;� [��Hev;� ; �� ���% 
��;�	D#% I#"�@����� .��b�@3+�  I)���  ) ��"NZVI  GAC 

�V� D"�+ �)��) :�D" 2H ��" /�1�������� I#�% d��0�� 0

)Bhatnagar et al., 2013(.
������"  �"����_ D" 2H .�� �) eRMv  � ���YZ�	��

��:� ;� ���� ��B � �L/��
eQ��MQR ��/�� ����B �) S��� 
����
��b@3+�  )����GAC B��)�<(��b�� �(�) :�F ;� I#% #NZVI  



8��A +*�#
��� Z	8 ���N��B�� � 
��� +#... dx.doi.org/10.22093/wwj.2019.170877.2824 
51

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

Fig. 3. Percentage of variation (%PV) of water quality parameters effluent of five experimental columns 
(C1 to C5) during three sampling steps (1st, 7th, and 28th day after experiment commenced) 

ZJ��x) �����^� #N�)%PV���� ;� �$ �( :� �A�+ ��"������H ( ) 
��b73H ��"C1 ��C5
���� 
/��� 
� �� ( ���)�� 
 ��A" <. � ��"; �)ev��;� � �% ;� [HD	�"(

C5
C2

C1
C4

C3

0

20

40

60

80

100

1 7 28

2.8 2.7 1.4
5.6 4.7 4.3

14.5 11.7 10.6

33.9
26.9 24.4

95.8

78.3
71.1

Column 
Number

R
em

ov
al

pe
rc

en
ta

ge
of

M
g2+

Sampling interval (day)

C5
C1

C2
C4

C3

0

20

40

60

80

100

1 7 28

1.1 1.7 1.5

29.5 24.1 21.9

46.3
38.8 35.2

47.1 42.3 38.4

97.9
83.9

76.3

Column 
Number

R
em

ov
al

pe
rc

en
ta

ge
of

C
a2+

Sampling interval (day)

a)

C5
C1

C3
C2

C4

0

10

20

30

1 7 28

1.3 0.0 0.2

12.4 10.9 11.0

18.9

13.9 12.3

24.3

19.1
14.3

28.9

20.9

10.8

Column 
Number

R
em

ov
al

pe
rc

en
ta

ge
of

K
+

Sampling interval (day)

d)

C5
C1

C2
C3

C4

0

5

10

15

1 7 28

0.7 1.1 1.0

2.9 2.3 2.1

8.4
6.6 6.0

10.7
8.4 7.6

13.9

10.9 9.9

Column 
Number

R
em

ov
al

pe
rc

en
ta

ge
of

N
a+

Sampling interval (day)

c)

C5
C2

C1
C3

C4

0

10

20

30

40

1 7 28

2.5 2.6 1.3

8.9 7.6 6.9

18.1 16.1 14.6

23.1
19.4 17.6

33.5

17.5
14.5

Column 
NumberD

ec
re

as
in

g
pe

rc
en

ta
ge

of
E

C

Sampling interval (day)

f)

C5
C1

C2
C3

C4

0

10

20

30

40

50

1 7 28

2.3 2.0 1.8
3.9 3.3 3.0

1.5 1.3 1.2

18.4
14.9 13.1

47.6

32.4 29.8

Column 
Number

R
em

ov
al

pe
rc

en
ta

ge
of

N
O

3-

Sampling interval (day)

e)

C5
C1

C2
C3

C4

0

10

20

30

40

50

1 7 28

0.1 2.3 1.4

5.0 4.0 3.7

25.7
21.0 19.1

39.3

30.3
24.2

35.0
40.1

30.7

Column 
NumberIn

cr
ea

si
ng

pe
rc

en
ta

ge
of

Fe

Sampling interval (day)

h)

C5
C1

C2
C3

C4

0
5

10
15
20
25
30
35

1 7 28

0.1 0.2 0.0
1.6 1.8 2.10.6 0.9 1.5

13.1 10.8
5.4

33.5

7.6
5.3

Column 
Number

In
cr

ea
si

ng
pe

rc
en

ta
ge

of
pH

Sampling interval (day)

g)

b)



+��Hb +)
� ��) dx.doi.org/10.22093/wwj.2019.170877.2824 

52

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

Fig. 4. Maximum variation of pore water pressure along 
the five experimental columns 

ZJ�Ex���� *�J�� �) :� ��@J �����^� �P+�#� ����� )��� ��" 

+����,GAC/NZVI 
��") 
����#$ ���	��#�=� 
� \i/RS����(
����;�	D��" H�
��� ����)pH B � �� ������ 
f+��� (����+ ;��	� 

)���	; GAC/NZVI � YZ��� �)�� 
��� ��������� ��0mv#��N�) ����� 
(Kamarehie et al., 2018).

�=� �)	��������  ) 
�����C1  C4 �������� <C4  ������ 
����+�
NZVI+Sand ��&� )�!/�9 <)�����/+ ��N�39 YZ� �)�3� <� ��0	<�

#�	� <��D"�+  ����EC �%�).� YZ� #N�)	*	��; � �) ��"
ev 
� S� ������ ����� ,f/lv<f/ef<m/m<v/em Q/Mf#N�)
)��  
�/+ ������@�)�) �b@3_�  NZVI ���&� )�!/�9�)��) �) .

���H YZ� #N�) )��������  ) )�!/�9 <:� ;� �C1  C4 ;� #G�
 �%Z�ev�=� ; �	.#% ����� U�� 

�=� �)	��������  ) 
�����C2  C3 �������� <C3  ������ 
����+ �
GAC+NZVI+Sand ���&� )�!/�9 <)����/+ �N�39 YZ� �)�<�

3��0	#� <�	� <��D"�+  ����EC �%�)  
� YZ� #N�) ��� �� ,
����� ��������l/ji<M/jM<i/j<M/Ml<i/Mj)�����  �����@�)�) 

���� �"���O��NZVI ���&� )�!/�9�� YZ�� �) �	 *�	��;� ��"
 :�#���) ���� .C2  ��� 
+�MZVI+Sand GAC+ )��� )��!/�9 <
��&�����H YZ� �)�.�%�) �

�=� �)	�����  ) 
��C1  C2 ����� <C2  ��� 
�+�GAC+

MZVI+Sand ��&� )�!/�9 <)����/+ YZ� �)�#�� <�	����H  ���
�%�)  �"#N�)�
�� YZ� ��� �� ��� ������ ,e/lQ<R/i<l/Mf

)�� #N�) ���� .C1 4��% 
+MZVI+Sand )�� ���&� )�!/�9��)
3� ��N�39 YZ� ��0	� <��D"��+  �����EC �"#�N�) ����YZ��


� ������ ����� ,i/MR<R/l<i/Mf.�%�) #N�) 

�=� �)	�����  ) 
��C3  C4 ����� <C3  ��� 
�+�GAC+ 

NZVI+Sand ��&� )�!/�9 <)����/+ YZ� �)�3� <��0	����H  ���

�� YZ�� #�N�) 
+ �%�) ��� �� ��� ������ ,l/ji<M/jM<l/Me

)�� #N�) ����  C4 
+ ���NZVI+Sand )��� ���&� )��!/�9 <�
#� YZ� �)	� <��D"�+  ����EC �"#N�) 
+ �%�)��� YZ�


� ������� ����� ,m/m<v/em<Q/Mf)��� .�	����_�������������
 
���ZVI �)pH P3(� 	;�� ��
�B)����� 4�	����"����P�

 #3���) *"�Fe2+� *"� ���T ]'� �) (��0J� 0	D�J�	 ����)C3 
 C4; (	� ��	*	����% �"	���� �� 
�
�� 0�+�� ;� � ���!B� .��=���

�� �)  ]'���� 
7�����&�� ������ 4�#33+ (Fu et al., 2014) .
����C5  ��)�GAC YZ� �) (	���L/� �� �" �"�)�$��

��+�� �����&� :���% :��#���)����������3� .	*GAC �) I#��% I)�A�����
���� �"�C2  C3 YZ� �) U?�9	��)��� ��Z��t� �"	��+ ��t� ��
�%�)����� .�	�_GAC � �L/� D"�+ �)�� U?��1 :� ;� ����� �� 0

������b@" 2H )	
� .��� I#% d��0� �b 
����� ���39 ��$�0�

������"  ��@�#�)�) 
+GAC I)���� � #� ;����O'���
����
"����+ �#�#��� #	 ���	���� ��<#
��� �)���1� :Z��$������������� .

I)��� ;���O'���GAC �� ,����I ��� 
�+ )��% ��"�4���9 ��)
�+�� � �� �2����1 ]'�#���� � �ZB  �O'� :Z$ ��0��0�J�	D
�� #��	)Mazarji et al., 2017(.

��������"  ����b3��� D" 2��H������������ 0�GAC YZ��� �) ��
 	k � b3� ��0/J <�"�AB�� <*�" #�����/J <�n �# �	�  #�;� �����

 :� I)�) ��@���� (Bhatnagar et al., 2013).
3E�"�*�������"  [3�B � D" 2H .��� �)eRMf +����;�

��+�	� �_GAC <[�� <*"� ��0/J YZ� �) (]'� 6?N� � #�)
 �  03b3��� <����/J <����	 #��+����� :� ;� �"����;�	D��" 

H�
��� ��.�������� ��" �	
+ )�) ��@� ��@GAC ��+�	� �)�	; 
$ <�G� <��� <�� YZ� �)��)��+ <S �+ <I�=� <I��+��  ���B� �����

�n�B�" :� ;� ��) )��).(Rolence et al., 2014) . 
���+�	/+������ �) )��$�� �b�@3+�  )��� ��"��3�H �) 
����
 D"�+5� �L/�	I#3 ��"������ )����<���� ^� k���� ��� ���EC 

N���p��)�% YZ�� ��)��� 
� 
$�� �� .EC 4!�%)lxf����� <(
C3 ������@	�����+ *�	��/+ YZ������	���� ���/9 
��+ ���%�) �� ���"

�	*�@� 
���	]��)�%� *"� ��#=� 
F�" U5 � :�#%�� ��@<J�| �� �
� YZ���=� 
� 
$�� ��) I#% ��@	���� 
� ��"�C1 ���C2  C3 ���

C5
C2

C1
C3

C4

5

6

7

1 7 28

5.4 5.4 5.6
5.5

5.7
5.9

5.6
5.8

6.1
5.6

6.2

6.7

6.0 6.1

6.7

Column 
Number

M
ax

im
um

va
ri

at
io

n
of

po
re

w
at

er
pr

es
su

re
(k

pa
)

Sampling interval (day)



8��A +*�#
��� Z	8 ���N��B�� � 
��� +#... dx.doi.org/10.22093/wwj.2019.170877.2824 
53

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

C4��3E�"  (����"; � �) *�;�����	;� I)�A����� <*NZVI 
��� B)��� 4
�� ]'� �)�� ��@	���� 
� �� I2MZVIJ�| <��� �� YZ� ����
;	� )��.#3+ YZ� ��)��� 
� 
$�� ��EC� <	s��V���� 4���1 
��!� *


+ ���NZVI 
�B)��9��  ��#=� 4)�	; ��"; � �) �� D3+� �

� <��V� J�| �9���O'� ������" �)  I)�) ���) ;� �� )��(

�"; ���#����	J�|�#� 
� �� :Z$ �MZVI ��
�� #�� �����
�"; � ;� 
+������ ��;�	;� [H) Dj(; ���0�� YZ� ������	 

<#3�%�) � 
+	
/��� *<;� I)�A���NZVI �
��$�MZVI � �)�����
A`��b��( 
��)������A� ���9 .��� D"�+ ��#������ �� ���F)

� DB�F�#�3+  
���� D" 2�H ���" �/�1������� ����t� 
�� 0�I#
���.(Hosseini et al., 2018) .


��B�*��" ��@� ��)������ 
+ #") �	 *
�7��� �����<
�� U?���+
I)�A��� ��#=� ;�NZVI  MZVI ��� I ?�9 .��� 
����  ���� �)

���	+�� <*��� ,NZVI+GAC ����%	����� S;5 
��	��O� )���7�


� �n ��" �b@3+�  � :Z$ ��L3����@ �	���0�J�  ��"	�9��� D

� ��!B� ")�� ��	)�7��.#3_ �	�� *�7
��� 
�������"  �"����_
 .�� �)eRMv ���� ���t� 
� 0���� I# 
�_ ���� I#�% oV�@�  

�	� :Z$ S�� 0�
��� :� ;� ����GAC/NZVI �����;	D���" 
H�
��� ��.#� ;����3�� G�� S ) 
������� ��#�3+ .(Kamarehie 

et al., 2018).
�"� )��� �)	DM�$ �) �#% �"�|  *"�	�$ �( ���4!�%)

lxh<(���� �"�4��%NZVI ��"� #�N�)	� D������
�� �����
���� �"� ���MZVI #3�%�) �  	� *��"� ��0	��;  #N�) �� D�

��#��=�NZVI ������ �) I#��% I)�A�����<=����� 
��'�����) .)��) �
����C3   �� 
+����+ #N�)�NZVI )�� ��"� #N�) <	������ D

��e/ef; � �)ev���� �)  S�C4 �� �����j/lR#N�) ; � �)
ev Y?(�� .��� S�NZVI ��"� #�N�) <	DMZVI ��#�=� C����


� �b@3+�  I)�� ��;� ���� �) 
�J� ��+	� D����" �� �) 
�+ ����
���� C1 ��"� #N�)	��� ������ Dv/Mm����� �)  C2 ��� ������

M/Mm#��N�) ; � �)ev���"� 
��+ #��3F ���" .����� S�	;� *��"� D
������ ���"�����O��*��"� ���T
���) ��	 
��/�$ ;� (���T������ I2
���+��"��	� :��O� �b@3+�  )��� *��) *�"� ��L/� ��� <)�%

$ �( :������ ;� ����1 :��% :� ;�7� I) #O� �) �" ��%�)  

1 Release 

�"� #N�) ���; �%Z� ��	� D�.#�% ��+ 0��#�=� ��#�� �) *�"�	*
���� �) �B��C4 )�� ) �  �) 
+�MRM/R��#�� �)  	��B�� *

� ; � �) . eMi/R��/�B �) S�����.�J�	 D"�_ �	�#� 
�  )�� 
) ;�	
�3$ �b �"���+ �&��	� � �) �b�@3+�  )����A�`� �����

^� <:������ ��#�=� pH �$�	�$ �( ���^�  ��� .��� �) �� ���

��;� S�7��	4!%) ��� Dlxg����� S��� .( ��"����O��NZVI 
)C3  C4 <(pH ) �  :��0��J� p��/�V� ����� ���� ���	D#���)�) .
����@	�0J� *	��#=� 
� Dee/M) #��� e/MQ
�� r����� (#�N�)

 �������C4 �����O�)�NZVI+Sand � ����% ;� [���H . � ; � �) (
����;�	D���" )����� .��	�0��J� #��� � *	DpH �$��	��$ �( :� ���;�
���� �"����O��NZVI �H ��� �	 ���;� ��	; �) Dev� (��0
���)�
�%�) )Rm/M#�� 	.)�G� �Q/Ml(#N�)B) .���0�J� 4	��#�=� D

pH ��� �H Y�`� 
� �"�:� �) .�/O�(H+(aq))  �����D3�+� 
NZVI � ����J �) .�/O� ����	�B�� #3�#�	���� �� �� S� I)�) �����

�� )�%)Yang and Lee, 2005(.

)�(
)aq(Fe4OH3NH

)s(Fe4)aq(H10)aq(NO
2

4

3

2

0

++

−

++

→+++

3E�"�J�| �� *"� *��� �A�N ����+�  ���� �H ��� #�������2
B�� :� �) .�/O��#	) k �J ��)aq(Fe2+��� (	#(Hosseini et 

al., 2018) .

)�(
OH2)aq(Fe2

)aq(O)aq(H4)s(Fe2
2

2
2

0

+
→++

+

+

����% �)	���+� )�����+ 
�� �2��� :� ���� *��"� D3��+�  0<��	 ��
"��+ �#�B�� #�� #�#3+)Su et al., 2014(

)�()aq(OH2)g(H)aq(FeOH)s(Fe 2
2

2
0 −+ ++→+

� �)��	 <D" 2��H *��	���� �������$ �( :� �) S�������� ���"�
I;�#�� D3+�  ����)��$  .#@�GAC ���3+ �)NZVI ����� �)C3 

+#����0J� ;�	DpH � :���b@3+�  )��� .#"�+MZVI  GAC 
�
�&3��	tz����#3F �� � �����0�J�	DpH �$�	�$ �( ���#����#�

����)�"�C1  C5.( 



+��Hb +)
� ��) dx.doi.org/10.22093/wwj.2019.170877.2824 

54

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

�0J�	� D���0pH :�$ �(����� ;� �"�C3 ��#�=� 
��)MR
��Me#N�)  (C4 ��#�=� 
��)Q/Ml���e/MQ#�N�) #�N�) ��� (

�/+ YZ��3�  ���0	�.���� 
����� �0�J� ���	DpH�� ����1� <�*
	���"�"��+ �#�� #�S�H3O+ 	����"���� ���� ���P�Ca2+  

Mg2+ ����
�� �b�@3+�  )���� ]'� �) :Z$  �	I2NZVI D"��+
��	�� ��� I ?�9 .#�� �	 �0�J� ��� <*	D�	" �����+ �#�) 4OH-�) (

pH�"�A3� n��% <5���O'��:T�$ 
� �" :Z$ ��L3� �	����"�

� pB�V�  	I2Ca2+  Mg2+ �0J�	� D�	� .#��� �	 ,��� 4���9  ) *

��; ��#=� 
+ )�%	)��;��	����"�Ca2+ Mg2+�0�J� ���	DpH 
]'� :Z$NZVI .)�%D" 2H "  [3B � ���������� 0�	� #�	*

�) 
+ ��� ��u��pH�"�)0�	�P3( \�<�	����_ �V�� D"��+�
��L/� 
� r���� 
+ :�Ca2+  Mg2+ 
���� ���� :� �)GAC 

4��9 �� <I#% ��)����_��� .(Rolence et al., 2014).
�
/+ ��������� ��"�A�`��H 
�)�&3�@�
�� <����� 0�$ ��"�
��O��NZVI+Sand ����)�"�C3  C4F�� �t� (�0�D"��+ ���

ZA3� :� ��@J�#3�%�)� .����@	^� *��� Z�A3� :� ���@J �����)
J������� *��#=� 
� �"j/i+������ �) .�!��H�/ ��"�C3  C4 

�%Z� ;� #G�ev� �% ;� ; � ���;�	� .#�% I#"��@� D�	� *����0
 �� ��@J D"�+��Z�b�� D"��+ 
�� #�������#�")	" ���B �#�!�(

O��4V/V�� 
�73� 
��  )��% G� ����39 ������b�J�� ;���O��

�) �b�@3+�  4�V/V�� )��% 
��J�� ��L�.(Hosseini and Tosco, 

2013) .
�	�Zb�� D"�+ *����� �"����� )������
�� #���� 5)	�/�

�7��$ 
/�$ ;��	� �t� �) ���T���� �� ���$�	����9 :� ����)  
���\�F�+ Z�J�3� �#% 
��� 
7 �O� �t��� 4�V/V� D"��+  ����


�b@3+�  4V/V��#%�� )Phillips et al., 2000(3E�" .����� *�,
�#G� )����B����/+ ��3��+ <*"� ��;) I#% #��� <����� (���3��+

 ��$���( 6�'���� ,�$�� <*�"�  
���� ���T����� �#�%
�"�� " )�!/�9 �)��(�B �#�!�A`� �����)���� 
�� ��L��.)��%
����=������ 
� <�"�^� ��0���� ���@J ����ev�� ; ��*i/Q���
M/i+�@� .�!��H�/.#% I#"� 

E6	�%>* 9,%g 
� �)	*D" 2H��+ <�	� ) #�) �#� #3/� �	\)���� (I��� �b�@3_�  

ZVI =� �)����  ������ k����3E�"   ���!�.������� .���GJ *����+ *


���  �0��7� �����N��	+�� �������"#��N�) �)����; ��) p��/�V�
���� �"���;� 4V/V�� D3+� 	"�b@�
�YZ�� ��L3� �	����"�

^� <:� ;� p��/�V��������pH^� <:������  :� ����@J ������ ��0
�"�	*"� D<;�� )���	����=�  	���� .��J�� ����1 
�	
�� ����)

� ;� I#������	 *D" 2��H  ���� ������ 
��+ )�) ����@���b��@3+�  )�����
NZVI+GAC *	��@�� �	���_ ��+ YZ������  ��" ������"�)����

������ �)	*D" 2H � 
����0l/ji�/+ #N�)�<�M/jM#�N�)
3����0	<�m/m#��� #��N�)	<�v/MR�����H #��N�)�<�v/em#��N�)
�� ����Q/MfD"�+ #N�)EC �$ 
� ���� �	) �  ���;� #�G�

 �%Z�ev��;� � �% ;� ; �	D��� �� .�%�)	� <)�$  *	���� *
������@	�0��J� *	DpH )Q/Mf(#��N�)  ������@	���"� *	*��"� D
)j/lR�$ 
�� ������ �� (#�N�)��	) �  ����  ����@	*^����� ���

ZA3� :� ��@J�) ���� .�� �)j/i+��H �) (.�!��H�/	�#�� ��
��;� ���;	� �� D�.)�) ��@� 0

;� I)�A���GAC � �) ]'� 6?N� � #����� �"�A�`��:� 

�&3� 
��	���) <�) #O�	��"�	������ #3����+ )��&� �)�A��:� �


�  	�V� D"�+ �) I2��  :������ ���� �3E�" .�YZ�� *)����
5�	
���) 6�'� ;� I#% :Z$ I#3 ��"�DB��F 
�/�$ ;� *���+ ��"�
���t	� )����+ 
	:T�$ ��� *�"���� ;� I)�A���� .ZVI 
��) �	�) I2
=����+ �� I ?9 (���� k��	� )�	; � �L/� D"�+ �)�� p�G�;�
	���"����) <:�% :� �) )�$���tz�����$ �����0�J� #�3���	D
/1�>��D"�+ <:� ��Zb���O���"� <�b@3+�  
	��J�  *�"� D

D3+�  ZH	����� .
*�3E�" ����	� ��	+�� I)�A���� 
�+ )�) ���@� D" 2�H *����;�

GAC  ZVI 
�B)�� 4	O� )�7��0�J� ,$�� <�n ��" �b@3+�  
	D
�	����_ ���+ YZ�������  ��" ������"��� :� �) )��$��� )��%

����
��� #������ ���3�� I�=B���� �����N��������� 4����	� I#��3��	 ����� *
����� �"�A`��� �� I ?9 .#%�� 
�	*k���� ��� 
�+ D" 2�H ���" 
/�1<�/��1 *"� ���T�)#7� I)�A��� �#���) �@��% ��  �6�'��

�� 
����Gu #�p<��� � #� )��� I)�A��� �� ;� �"��� ���� �	*
�+
tz��3G� ����)�D3+�  �� ZH	��� ;� I)�A���� �) .#%�� 
�%�) �� �	*

�" ��� S;5 <:T�$ )��� 
�3$ 
� ���; �"�)	���9 .��� #�3��� �b
��A`� ����
�� 
 �	;� I)�A���� �) I2NZVI ����b�  ���"�	�) 
�+

�  S�7���� )���	� \�	��� )��� *���?��
�  ����� �/+ ����
O��; 
	� ��� I ?�9 .)��% 
�$�� <)��) )�$  �� �	0" <*	
�3 ��"�



8��A +*�#
��� Z	8 ���N��B�� � 
��� +#... dx.doi.org/10.22093/wwj.2019.170877.2824 
55

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

&� 
� r������ 
	��� *0"  ���T����	
�3 ��"���#�&b� ��� S����� 
�G�	�  �A`� ����� 
�DB��F 
�/�$ ;� #���� ��"����T )�����+


� *"�  	=� �) I2�� �) ���� k��A`� ����b��( 
�S��7�� 
�+ #�%��
D" 2H ��" ��� ��@�� �) �� D��) ¡( #����	�; *�I)�) D"��+ 
�3

n�B�3!�" ��� 
� �� ��  �
� "0�� � ��L3���&$ 
/��� 4�D"�+
�)�B��.#") ��� :� 

L6G*���)e 
�� D" 2�H *�	� S��7�� 
3��; 
_ ���&� I�b@��) �@" 2H �� �G� ;�
  :?�u�J  :� 
�/7� S���O� ���)�� ;� *�3E�"  #�)��� �"��J
 
_ ��?N� #3�%;�� ���L� 
'=� ���� ���( 
� 
B�=� S��O� ��� �)

� I#% 
B�=� ��A�_ ��=��� 89���� ���)�#1 <�� .)�% 

References 
Aukema, K. G. & Wackett, L. P. 2019. Inexpensive microbial dipstick diagnostic for nitrate in water. 

Environmental Science: Water Research and Technology, 5(2), 406-416. 
Bhatnagar, A., Hogland, W., Marques, M. & Sillanpää, M. 2013. An overview of the modification methods of 

activated carbon for its water treatment applications. Chemical Engineering Journal, 219, 499-511.
Chai, L., Wang, Y., Zhao, N., Yang, W. & You, X. 2013. Sulfate-doped Fe3O4/Al2O3 nanoparticles as a novel 

adsorbent for fluoride removal from drinking water. Water Research, 47 (12), 4040-4049. 
Chiu, P. C. 2013. Applications of zero-valent iron (ZVI) and nanoscale ZVI to municipal and decentralized 

drinking water systems-a review. Novel Solutions to Water Pollution. ACS Symposium Series, 14, 237-249. 
Chubar, N. 2011. New inorganic (an) ion exchangers based on Mg-Al hydrous oxides: (Alkoxide-free) sol–gel 

synthesis and characterisation. Journal of Colloid and Interface Science, 357(1), 198-209. 
Fu, F., Dionysiou, D. D. & Liu, H. 2014. The use of zero-valent iron for groundwater remediation and 

wastewater treatment: a review. Journal of Hazardous Materials, 267, 194-205. 
Gupta, V. K., Jain, C., Ali, I., Sharma, M. & Saini, V. 2003. Removal of cadmium and nickel from wastewater 

using bagasse fly ash-a sugar industry waste. Water Research, 37 (16), 4038-4044. 
Hadavifar, M., Younesi, H. & Zinatizadeh, A. 2009. Application of ozone and granular activated carbon for 

distillery effluent treatment. Journal of Water and Wastewater, 21(2), 10-18. (In Persian) 
Hassani, A., Torabian, A. & Rahimi, K. 2014. Performance of iron-zero (nZVI) nanno particles in removal of 

cephalexin from synthetic wastewater. Journal of Water and Wastewater, 25(2), 85-92. (In Persian) 
Hosseini, S. M. & Tosco, T. 2013. Transport and retention of high concentrated nano-Fe/Cu particles through 

highly flow-rated packed sand column. Water Research, 47, 326-338. 
Hosseini, S. M., Tosco, T., Ataie-Ashtiani, B. & Simmons, C. T. 2018. Non-pumping reactive wells filled with 

mixing nano and micro zero-valent iron for nitrate removal from groundwater: vertical, horizontal, and 
slanted wells. Journal of Contaminant Hydrology, 210, 50-64. 

Http://Nanoiron.Cz/En/Products/Zero-Valent-Iron-Nanoparticles/Nanofer-Star. 
Kamarehie, B. Aghaei, E.; Musavi, S. A., Hashemid, S. Y. & Jafari, A. 2018. Nitrate removal from aqueous 

solutions using granular activated carbon modified with iron nanoparticles. International Journal of 
Engineering, Transactions A: Basics, 31 (4), 554-563. 

Kanel, S. R., Nepal, D., Manning, B. & Choi, H. 2007. Transport of surface-modified iron nanoparticle in 
porous media and application to arsenic (III) remediation. Journal of Nanoparticle Research, 9, 725-735. 

Li, S., Wang, W., Liang, F. & Zhang, W.-X. 2017. Heavy metal removal using nanoscale zero-valent iron 
(nZVI): theory and application. Journal of Hazardous Materials, 322, 163-171. 

Mahmoodi, N. M., Abdi, J., Oveisi, M., Asli, M. A. & Vossoughi, M. 2018. Metal-organic framework (MIL-100 
(Fe)): synthesis, detailed photocatalytic dye degradation ability in colored textile wastewater and recycling. 
Materials Research Bulletin, 100, 357-366. 

Mazarji, M., Aminzadeh, B., Baghdadi, M. & Bhatnagar, A. 2017. Removal of nitrate from aqueous solution 
using modified granular activated carbon. Journal of Molecular Liquids, 233, 139-148. 



+��Hb +)
� ��) dx.doi.org/10.22093/wwj.2019.170877.2824 

56

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

Mohammadi-Galehzan, M. & Shamohammadi, S. 2013. Comparison of active carbon, sawdust, almond shell and 
hazelnut shell absorbent in removal of nickel from aqueous environment. Journal of Water and Wastewater,
24(3), 71-79. (In Persian) 

Moreno-Castilla, C. 2004. Adsorption of organic molecules from aqueous solutions on carbon materials. 
Carbon, 42, 83-94. 

Nurmi, J. & Tratnyek, P. 2008. Electrochemical studies of a packed iron powder electrode in solutions 
containing carbonate and natural organic matter. Journal of Corrosion Science, 50(1), 144-154. 

Oguz, E. & Keskinler, B. 2007. Comparison among O3, PAC adsorption, O3/HCO3
−, O3/H2O2 and O3/PAC 

processes for the removal of Bomaplex Red CR-L dye from aqueous solution. Dyes and Pigments, 74, 329-
334. 

Padervand, M., Jalilian, E., Majdani, R. & Goshadezehn, M. 2019a. BiOCl/AgCl-BiOI/AgI quaternary 
nanocomposite for the efficient photodegradation of organic wastewaters and pathogenic bacteria under 
visible light. Journal of Water Process Engineering, 29, 100789. 

Padervand, M., Lammel, G., Bargahi, A. & Mohammad-Shiri, H. 2019b. Photochemical degradation of the 
environmental pollutants over the worm-like Nd2CuO4-Nd2O3 nanostructures. Nano-Structures and Nano-
Objects, 18, 100258. 

Phillips, D. H., Gu, B., Watson, D. B., Roh, Y., Liang, L. & Lee, S. 2000. Performance evaluation of a 
zerovalent iron reactive barrier: mineralogical characteristics. Environmental Science and Technology, 34,
4169-4176. 

Qiao, J., Cui, Z., Sun, Y., Hu, Q. & Guan, X. 2014. Simultaneous removal of arsenate and fluoride from water 
by Al-Fe (hydr) oxides. Frontiers of Environmental Science and Engineering, 8, 169-179. 

Qu, X., Alvarez, P. J. & Li, Q. 2013 .Applications of nanotechnology in water and wastewater treatment. Water 
Research, 47, 3931-3946. 

Rolence, C., Machunda, R. L. & Njau, K. N. 2014. Water hardness removal by coconut shell activated carbon. 
International Journal of Science, Technology and Society, 2(5), 97-102. 

Savage, N. & Diallo, M. S. 2005. Nanomaterials and water purification: opportunities and challenges. Journal of 
Nanoparticle Research, 7, 331-342. 

Su, Y., Adeleye, A. S., Zhou, X., Dai, C., Zhang, W., Keller, A. A., et al. 2014. Effects of nitrate on the 
treatment of lead contaminated groundwater by nanoscale zerovalent iron. Journal of Hazardous Materials,
280, 504-513. 

Sweetman, M., May, S., Mebberson, N., Pendleton, P., Vasilev, K., Plush, S., et al. 2017. Activated carbon, 
carbon nanotubes and graphene: materials and composites for advanced water purification. Journal of 
Carbon Research, 3(2), 18. 

Taman, R., Ossman, M., Mansour, M. & Farag, H. 2015. Metal oxide nano-particles as an adsorbent for removal 
of heavy metals. Journal of Advance Chemical Engineering, 5, 1-8. 

Tratnyek, P .G. & Johnson, R. L. 2006. Nanotechnologies for environmental cleanup. Nano Today, 1, 44-48. 
United Nations. 2015. Transforming our world: The 2030 agenda for sustainable development, UN., USA. 
Xiao, B. & Thomas, K. M. 2005. Adsorption of aqueous metal ions on oxygen and nitrogen functionalized 

nanoporous activated carbons. Langmuir, 21(9), 3892-3902. 
Yang, G. C. &  Lee, H.-L. 2005. Chemical reduction of nitrate by nanosized iron: kinetics and pathways. Water 

Research, 39, 884-894. 
Young, G. K., Bungay, H. R., Brown, L. M. & Parsons, W. A. 1964. Chemical reduction of nitrate in water. 

Water Pollution Control Federation, 36 (3), 395-398. 
Zazouli, M. A., Dianatitilaki, R. & Safarpour, M. 2014. Nitrate removal from water by nano zero valent iron in 

the presence and absence of ultraviolet light. Journal of Mazandaran University of Medical Sciences, 24 
(113), 150-161. (In Persian) 

Zhang, W.-X. 2003. Nanoscale iron particles for environmental remediation: an overview. Journal of 
Nanoparticle Research, 5, 323-332. 


