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Abstract  
Due to strong oxidizing properties, titanium dioxide or titania nanoparticles are widely used in the water 
and wastewater treatment industry to remove or reduce various contaminants. The extraordinary 
properties of titania have led to the neglect of its side effects on the environment, especially on the aquatic 
ecosystems. In this study, different concentrations of titania nanoparticles were used over a period of 96 
hours in lab scale to evaluate their impact on the heavy metals distribution in an aqueous media. The 
sediment samples of Anzali wetland contaminated with heavy metals were applied in all experiments. The 
results revealed that arsenic (As) was strongly affected by titania nanoparticles and its exchangeable 
bonds were desorbed from the sediment. Subsequently, 50 ppb titania led to concentration of As in the 
water column, which increased from 0 to 9 ppb. In addition to As, nickel (Ni) was desorbed from 
sediment through the separation of its organic bonds. On the other hand, 50 ppb titania reduced the 
concentrations of manganese (Mn), copper (Cu) and zinc (Zn) in the water column from 42, 32 and 29 
ppb to 17.7, 2.87 and 20.9 ppb, respectively. According to the chemical extraction analysis, heavy metals 
adsorption in the sediment was mainly in the form of exchangeable and sulfide bonds. However, lead (Pb) 
and cobalt (Co) were not affected by titania and exhibited a conservative behavior. 
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Fig. 1. Location of study area and sampling zone 
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2����� 
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#���
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*
�B���G'�������?� � ���O# �� .�{? �F���?� � ���#���+��# 
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�+��e0-#��# 
������#�"	 ��#���+�# ��!+�	 0��� #����#������?� F
z��A$ 0�#� .�� 	�C#G �AB �� 0-#��# 
������%����� .��� 

-4r4
/�"@� �� �� y�=
� UV
W G0!A 
�#�� ���?� �#���)�_��h -# 'L�$#�F'0��;+�# .�� jL -# C��#�5
 

���?� � �J�+�#����-#���+'~�/�	�C��� �� #-#�� mL QRR 
���?� )mL�R ���+�D'6�§�����?� 0��G��# 0��� �����?� �� ��  

�V�� �|���	-��0�9! �"+�	 ��$C�	- 3�H�# 
����G���	��C°~
�#��9��.����� �#��� �$ ��� ��T'6 F�����: �� J� +��#����-#
0�9+�� �?�KL��;� 0���� �"
#��ICP-OES 0��;+�# .�� �+;
�

���?� ��# � �J�����	�-��#��
����G� �+	#��L �� �L�2�' �� �
�	-�� �9!�C��� �#�	 ���G�#���#��� ��	-� ���0�9! �"+�	 

��.

14KL+ � M2�N@ 
�� ���$ ���+��e����� N�#��� �� 0��	�[�k)C��G��# 2#�g����� 
$���+����M	�W����:�� y$��������T'6 2#G�'� 9����FU�  ��

J� C�+� �U ��2����� MA��	���� .fG��2��	�7 ���##��	
	 �f#�#�.��� z�V1 N���� [y$ )������T'6 �� 2#G�'� 9����F��
C�+��� J�)���:���� j��L -#C��G���# 2#�g������ $���+���)������!	 
.��# 0-#��# 
���� C�!� �#��7�T'6 -# J� C�+�� �� G��9�	~k

��ppb QS����+
�% ��)�$ 2#�g���� �T'6 �7���+�0��� 0��G��# �
ppb �R���(.�{? �F7�@ � ��'6��T����V7��
� ��C�+�� 
J� 0� �!	 ��.� _�1 -#�$ 2#�g���� C�� 0��G�# �c# �� )�9���+��

��"E�t�T'6 �� J� C�+� �� F�9�� 2#G'� C#G�	 ����+�$ 2#�g���� ^'+P	 ��  
Table 1. Heavy metals level in water column along with various concentrations of titania nanoparticles 

As Cu Co Pb Ni Mn Zn \]^_`ab
ppbmg/kg 

0 32 2 1.5 1.5 42 29 0 
7.8 2.2 1.2 1.5 1.4 18.4 22.1 5
8 3 1.3 1.5 1.5 18 22 10 

8.3 2.9 1.2 1.4 1.4 17.4 21.3 15 
8.3 3.1 1.3 1.5 1.5 18.6 22.7 20 
8.4 3.1 1.3 1.5 1.5 18.8 22.9 25 
8.7 3 1.3 1.5 1.5 18.3 22.4 30 
8.7 2.9 1.2 1.4 1.4 17.4 21.3 35 
8.9 2.9 1.2 1.4 1.4 17.5 21.4 40 
9 3.1 1.3 1.5 1.5 18.9 23.1 45 
9 2.8 1.2 1.4 1.4 17.1 20.9 50 

��"E6t�T'6 �� �MA� J��� �� F�9�� 2#G'� C#G�	 ����+�$ 2#�g���� ^'+P	 ��  
Table 2. Heavy metals level in sediment along with various concentrations of titania nanoparticles 
As Cu Co Pb Ni Mn Zn \]^_`ab

mg/kg ppb
3.4 5.6 3.6 7.1 6.4 384 58 0
3.2 8.2 3.7 7.1 6.3 384.6 58.1 5
3.1 8.6 3.6 7.1 6.4 385.5 58.2 10
3 8.3 3.7 7.15 6.3 388 58.4 15

2.9 8.4 3.6 7.1 6.3 389 58.4 20
2.8 8.1 3.6 7.12 6.1 391 58.5 25
2.8 8 3.6 7.2 6.1 396 58.6 30
2.8 8.4 3.7 7.21 5.9 398 58.8 35
2.7 8.2 3.7 7.12 5.8 400 58.8 40
2.6 8.1 3.7 7.1 5.8 400.8 59 45
2.4 8.4 3.7 7.15 5.7 401.6 59.1 50
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#��� F
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	��� )���	��2#G'� 9����F���4� y$������T'6 �����.0�#� �� �

N��� kC�!� 	�� � �7��G�)J�� 2#�g���� $�+�������� ��T'6 
��2#G'� �9 9���F��J��� c�$���	���#5�
.��� ����$ ��� ��+��e
����� 0�	� -#U�  )2����� �	�7 ���� 2#�g����� $���+ �����H�	 

�� ��� �����D��{? �F��	�C#G �+?7 ���I-#2����� 	����� .
-# �����)�9 2#�g���� $���+���:�� J5�� )G��9�	 ���)j�	 ��

J��� 	����� .��#�F)N�% J�� �T'6 ���% �$ ���
�V7 C���
y$��,�� ��	����	N���)k(.

GH$��'%�	 ��4 �#�� U�� �� J������I	 -# �+�! �&� ���+�� U�
9�� 2#G'��M	 �� F���� W��$ ��M$�c�$ 2#�g����� ����+ �� D�?7 �

	��+� .��7�GH$ e��'%�	 ��4 �#���	-� �� 0�� 0��;+�# J����@
N�#�� ����$���?��C��?  .���# 0��� 0�#� @0� ��!	 ��7 ���1

	�L ����� �����$ ��M$ 2#G�'� ^�'+P	�c�2#�g����� ���I'?: �
$���+�y$ ��4� ���	 ��� �	#�# �� .�����G� 2��� ��f #��y$ F��� 2#�

���� �#��?� �� 0#�? ���.�� 
���+��e�#�P+���# ����?����C���!� �#� ���7 ���� #G���#�@���T'6 

2#�g������ $���+���)�I��!$��L�� ������N����V$ 5��L��� ����J����� 
#G�#�@	����� .�{? �F������I� L�� �����;
������W���$ 

J��� J5� 	�)��� �	# _KB�� ���
 � �
��V$�)���#��I�!$��
C� ��#G�#�@�T'6 2#�g���� $���+��@ �7 	����� .����������� 
y$���L�� ����
�����C�!� �#� �7	�C#G ���� ��#G��#�@��T'6 

2#�g���� �$�%�#G�#�@	���I�) ����(.
�� ���$ ���+��e�#�P+�# ���?����)2������ MA������ ���1

 N�?�	j	#���L 2����� �����;
�������jm�� ���2����
L�� �������, N��V$ J5� 	����7 .)���"	 �� L�� ����
���!"��

�� ���#��J5� j	���#�� .�+I� ���, ����$ #��F���# ��7 ��4 ��  
2#�g���� $���+����M	�W������+! )���� J5�� j�	 ���2���� 

L�� ����;
������+?7 	��I�) ����(.
�+��e�#�P+�# ��?�������c ��7 �7J5�� G��9�	 ���2����

L�� ����;
�����)�
��'�# ���@ �7 �T'6 9�	�G���+��C�

Fig. 2. Change of zinc bounds in different titania 
nanoparticles concentration 

8>�-t�T'6 �� ��� ^'+P	 �� ����L ���y$ ��  

����+�$ 2#�g���� ^'+P	 

Fig. 3. Change of copper bounds in different titania 
nanoparticles concentration 

8>�1t�T'6 �� j	 ^'+P	 �� ����L ���y$ ��  

����+�$ 2#�g���� ^'+P	 
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��"E1t���, � �&� �� ����L �� F�9�� 2#G'� �T'6 2#���y$ J��� N��V$ 
Table 3. Heavy metals level in loosely and exchangeable bounds 

As Cu Co Pb Ni Mn Zn \]^_`ab
ppb mg/Kg 

3 0.4 0.05 0.52 0.09 7.9 0.8 0 
2.2 0.6 0.05 0.52 0.09 7.97 0.84 5
1.7 0.7 0.05 0.51 0.08 8.1 0.91 10 
1.1 0.7 0.05 0.51 0.08 8.2 1.2 15 
0.7 0.7 0.05 0.51 0.08 8.5 1.3 20 
0.6 0.6 0.05 0.51 0.08 8.8 1.5 25 
0.4 0.7 0.06 0.5 0.08 9.1 1.6 30 
0.3 0.6 0.06 0.5 0.07 9.5 1.8 35 
0.2 0.6 0.06 0.5 0.07 9.9 1.9 40 
0.1 0.6 0.06 0.5 0.07 10.1 2 45 
0 0.7 0.06 0.5 0.07 10.4 2.3 50 

��"E3t�T'6 2#���y$J��� ���;
�� �� ����L �� F�9�� 2#G'� 
Table 4. Heavy metals level in sulphide bounds 

As Cu Co Pb Ni Mn Zn \]^_`ab
mg/Kg ppb

0.06 0.3 0.04 0.3 0.1 6.5 0.6 0 
0.03 1 0.04 0.3 0.1 8.6 1.1 5
0.03 1 0.04 0.3 0.1 8.7 1.1 10 
0.03 0.9 0.04 0.3 0.1 8.9 0.92 15 
0.03 0.9 0.04 0.3 0.1 9.2 0.71 20 
0.03 0.8 0.04 0.3 0.1 9.4 0.7 25 
0.03 0.8 0.04 0.3 0.1 9.8 0.65 30 
0.02 0.9 0.03 0.3 0.1 10 0.6 35 
0.02 0.8 0.03 0.3 0.1 10.4 0.56 40 
0.02 0.9 0.03 0.3 0.1 10.6 0.52 45 
0.01 0.9 0.03 0.3 0.1 10.9 0.49 50 

��"EntJ��� �
� �� ����L �� F�9�� 2#G'� �T'6 2#���y$ 
Table 5. Heavy metals level in organic bounds 

As Cu Co Pb Ni Mn Zn \]^_`ab
ppbmg/Kg 

0.12 0.3 0.1 0.25 0.2 7.4 0.7 0 
0.1 0.3 0.1 0.28 0.14 7.3 0.7 5
0.1 0.3 0.1 0.27 0.09 7.1 0.8 10 

0.09 0.3 0.1 0.27 0.09 6.9 0.8 15 
0.09 0.3 0.1 0.27 0.09 6.8 0.8 20 
0.07 0.3 0.1 0.26 0.06 6.7 0.84 25 
0.05 0.3 0.1 0.25 0.05 6.2 0.9 30 
0.05 0.3 0.1 0.25 0.04 5.8 0.95 35 
0.04 0.3 0.1 0.25 0.04 5.5 0.96 40 
0.04 0.3 0.1 0.25 0.03 5.4 0.97 45 
0.03 0.3 0.1 0.25 0.02 5.1 0.97 50 
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L�� ����;
��������I��+�� uK	�7 �#���B ������% 2#�g����� 
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Fig. 4. Change of manganese bounds in different titania 
nanoparticles concentration 

8>�3t�T'6 �� G�9�	 ^'+P	 �� ����L ���y$ ��  

����+�$ 2#�g���� ^'+P	 

Fig. 5. Change of cobalt bounds in different titania 
nanoparticles concentration 

8>�nt+P	 �� ����L ���y$�T'6 �� �
�V7 ^' ��  

����+�$ 2#�g���� ^'+P	 

Fig. 6. Change of nickel bounds in different titania 
nanoparticles concentration 

8>�st�T'6 �� �I�� ^'+P	 �� ����L ���y$ ��  

����+�$ 2#�g���� ^'+P	 
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jL -#nr-# �:�� C��� 0��G��# 2#�g����� $���+ ������ �M	�W
�	-��)@y$���fG�����T'6 L�� ����
������, �N���V$ J��� 
�� J��� 0� �!	 ��.#������)FC��G�# 2#�g���� $���+���� ��M	�W
���)y$����&M	 ��L ���� ��������% J��� �� J�� ^'+P	
?���I�) ��7S(.
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��&�#���J���� ��#� .��+��e����% -#GH$ �� ��	�7 ��#�P+��# �
����?����C���!� �#� ���7 2#�g������ $���+���c���$ ��������, �����$����� 
L�� �������, N��V$ �����D���#�)����1 ��7C��G�# 2#�g����� 
$���+���H�	 ���� @ ��7 �����L�� ���������, N���V$ ������D��
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Fig. 7. Change of lead bounds in different titania 
nanoparticles concentration 
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Fig. 8. Change of arsenic bounds in different titania 
nanoparticles concentration 
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