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Abstract  
The drug residues as a contaminant in water resources can lead to risks for humans and 
other biologists. Therefore, removal of them from the effluents is essential for 
environmental protection. Therefore, this study was conducted with the aim of 
evaluation of the removal efficacy of tamoxifen from aqueous solutions using magnetite 
nanoparticles modified with PAMAM. In this study, magnetite nanoparticles modified 
with PAMAM were synthesized by co-precipitation method and used as an adsorbent 
for the removal of tamoxifen from aqueous solution. Magnetite nanoparticles modified 
with PAMAM were characterized using X-ray diffraction (XRD), scanning electron 
microscopy (SEM), pHpzc, Fourier transform infrared spectroscopy (FTIR), and 
vibrating sample magnetometry (VSM) analysis methods. We used UV–visible 
spectrophotometer to determined tamoxifen in the solution at 236 nm. The results 
showed that removal efficiency increased until 0.03 g adsorbent, pH =7.0 and 40 min 
contact time. Also, the adsorption process followed the Freundlich adsorption isotherm 
and pseudo-second-order kinetic model. Based on the results it can be stated  that the 
magnetite nanoparticles modified with PAMAM can be used as an effective and 
available absorbent to remove tamoxifen from sewage and pharmaceutical wastewater 

Keywords: Tamoxifen, Magnetite Nanoparticles, PAMAM, Isotherm, Kinetic, 
Adsorption. 
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Fig. 1. Chemical structure of TMX 
48�*/.o1������ �-(�) �2��2�� (��,�	 

e/e/^�($ 
���� :��O#D�D 1�#I Y9�A2M� � 6 
0� ��� �( A3

:�8,
,� #3�� 4,3� 
G�(~���� ��B���=��>)�o��	� 
� N-( L�� ���	(���1
1������1�

.����.�� �� (��C�� �
�:���� FeCl2.4H2O-FeCl3.6H2O���
 =���`:g()(�v< 
�D �1() M�- �� ����) �� ��7() s�1��8	 

�� �� G�� L��� - >�� >)
 ��,����	 .���� &< ���� T��89� �1  �
g� �'() T�89� ��( - �� �O�Z� T�89� �� > ?" > ?" ��� =5 �	

 �	 ��1X� >� �11 .) ��  ����)� () ���	( ���B� G�(~ ����� �� ��� =��
�18�21 ���� () - �� �O�Z� T������=|$�18�21 ��� � ��� �1 ���(� &
	181���) () =5�	 -) G�� �� - �O�Z� T�89� �� > ?" > ?" G���
9�1fL�>)
 ��� () .������B� G�(~���� =������4 =��� >��� (�)

 
1 Merck 

	181��	��f�:.�� - ��7 ��( (��-) �� �� �I��� (�� �	 
� �4
?V�1 ()� ��f���) () ��,�����7() s�1��8	 ��� G���`g

=5�	 :I, ��)Sobhanardakani and Zandipak, 2017(.

e/�/4��) ^�($ ��� :��O#D�D 1 �#I Y9�A2M� � 6 
0 � ���

�8,
,� K6($��0,! �6 Yk�� '�! ^�� 

� ����- D T�+���841 �
� �� f�	�- ��< 
����������	181&
M�4- 4 �1� �� .�� >)�o�	� T��(�C�� .}$�1�8�21 ��  �� T��89��
������	181&M�4- 4 �1T�}$�'() �2�� ()t�� :I, .1.��� �

���	-���< T���89� ��|$�1��8�21 ��� 6T����������E ��D :N-����1 &
�� E���J- 4�� - ��) �� s��< &��5 M���5w$�18�21 �2��1��� &1.

��1���) () �����- .�� �O�Z� &�" �8< � ��	( �� - ���}��7()
s�1�8	 � �7 =9�1E�\�� M�- ����� () .=O� �� � �� =�&���5 (�)

 � ��� e?	 M) � �1.� �-(� ����=�,() M��	 (���))� 
�6(M���
T�89� �����1 ���� &��� - G;1) .8���1�� .�� ����D��7 (�Q �1 �

(����) ������- (� ���� ���� .����� 
�����) ()�}$���7()s�1���8	 
��G���z|�,��� 6=5��	 -(  �� ����G�(~����� e?�	 ���B� ��=

���4 	 �� >�� (�)181�� >)�) ��( 6����� () .�.��-n4 ��� (��C��
�	)1���������- 6L\�4 &�� ���(��)� 
���� (� ��� ��� � ��4

)Wang et al., 2013(.

e/g/K,,V3pH 	W+D ��6 sW� (@7(pHpzc)

pHpzc �?V� ��9?	 (�� M� () �� =	�����, �~�7�.=�	� �� ��
6�?V� .�� .11@� w$$ �18�21 �T�89� 8���	 ��L$w/$() (J��

��
� 0- ^�( >�BI�T�89� - �� ��� �����=�o� ()pH G-��o��
)r�������	� 
� .���� >)����� (1 8���(��� -:1��-(�1����	�L`/�

� � (J����C��1LpH T��89� ���	 .��� >)�o��	� ����r/�E �D
T�89� �� �~�7 ���
� - �� >)-%O� �� �� () ���1=5 �	 ���  �w�$ 

") () (-)1�Q 
� �4 .���� >)�) (� " �V�z|�~��7 6=5��	 
� ���
 - >���� ����7 T���89�pH T���89� ���� a�)���\�>
������ D��1 �����

)Sobhanardakani and Zandipak, 2015(.

./S/19��?� �rQ 	A�#,I�D '�! 

�� 	( � (�C��� H�pH 9?	 �37  ��-(�)�������1	�� .o�f




��� �$K&�6� 
� XW�E? �* +*8 ��	...... dx.doi.org/10.22093/wwj.2018.114301.2592 53

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

�����
���� ����� ����� Vol. 30, No. 3, 2019 

���B� G�(~�����&��5 =��� >�� (�)��1.� �-(� ����=�,() M��	 6
T�89� ����2-� =C8F ��1�z$�18�2 () E D1�37 >)�� 
�  � >�����

��1- �� �pHM� T��89� 
� >)�o��	� ��� ��� �����	�18�� �(��-:
�1��-(�1�	 ��L$w/$����) () (J��z��w$C��1���	 .��� L

M) � �O�Z� ��${/$���
� 6T�89�  � �� �~�7 E D �� �� G���|$
")1Q��X� M%
� f	�� �V1���=5 �	 ���w�$ ") () (-)1() - ��V
��)�9�1�� fL��  O E��
�� 
� ��4 .����� >)
�����7 - M)
 L�� ���

� f	�� �~�7 M) ��� ���Q��X�1�- �@�11� S��� T�Q .1�I16��
Q1�37 j�T��Q ()  ����O- ����	� >�B��	) f�	�� T��89�  � 
�

 S��z{�  Q 
�  ��������9�� L	( - .�	� i�2��1	� �1>����, M�
��� () -�-(�) �37 c � =�������1>)�o��	� ��� �~��7 f	�� .o

 
� ��2)�@�w��� ���	�9�)Chevalier et al., 2017(��� E
J .  ��~
�� �� =	� �%O� (�C���=") �6��
���� � ���X��  �� �1 (��� ��	  
� - (� ��1B��1.�� ��O D  C� () &'�< .

qe � L0wL�
Y W V )w(

)�@� .�� () �x �2 
qe B����1� �3��7 >)���� �3��7 c ��� 6>������C0-Ce���1���� %� ���1 !

M�I� 2-� =C8F >���)1������ �1� !��<  �� .o1�8�2 () E �D1-  ��
2)�@� =C8F�������1� !��<  �� .o1�8�2 () E �D16 ��M��1M�%

 - E D !�<  � >�� 0 +� �~�7V�1M�I� % �� ���
� L\< >���)
2 !�<1.=	�  � 

@� 
� �411.pH ��1T�89� 6�� ����=C8F ��z$�1�8�() E �D
21�37 >)�� 
�  � M
- - >���� ��������) () �~�7 ���
� 
� j8���

$$#/$����� E ���D$}/$E ���D)$$#/$6$$�/$6$w/$6$z/$6
${/$6$|/$-$}/$��) () (�9�1�� f1.�� �

@� ��11�� (��V� .1��pHT�89� 6����=C8F ��z$�18�() E D
21�37 >)�� 
�  � )�V� - >�������  1() E �D !��<  �� �~��7 
� ��

 ����
 ����)����  o�'w$$ ")1) ��Vz6}6#6w$6w}6z$6z�6{}6
|$ 6}$6�}6�$-w$$�� (1.�� �

� �����D����� �3�7�- - �3�7 =5 �	 
� �<� Q (��C���-

(�����	19?�	 �3�7 L���>)�) 6������
����B�I�T��� -) ���
	1��1����� - T-� ��� � �V� E-) ��� ��.�� �� 

�_
�1�� .	( � (�C�����E �-% ���2)�@� �37�������1.o
-(  �������B� G�(~���������&����5 =���� >���� (�)���1.� �-(� �����
=,() M�	
B�J T�� �	 612��- O 6 1��
� - �1)(��� .�� �� (� �"
.=O D 

�/T56 � U9�AD 
�+�� SEM ���B� G�(~�����=&��5 ��� >�� (�)��1.� �-(� ����

=,() M�	 &�� ()z�_
� .=	� >�� �t�(�12��� .1%XRD 2���� 61%
TGA �9�� -�VSM -(  � ������O D E��\�� >�� %��	 G�(~����

�1�� %� �1&�� () !���{-|)a-b(.=	� >�� �t�(� 
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Fig. 4. (a) TGA curves of Fe3O4/SiO2/PAMAM, (b) 
Magnetization curves of Fe3O4/SiO2/PAMAM 
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Fig. 6. (a) Zeta-potential of Fe3O4/SiO2/PAMAM nanoparticles, (b) Effect of solution pH on the adsorption of TMX 
using Fe3O4/SiO2/PAMAM nanoparticles 
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Fig. 7. Effect of dose of Fe3O4/SiO2/PAMAM 
nanoparticles on the adsorption of TMX 
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Fig. 8. (a) Effect of temperature on the adsorption of 
TMX using Fe3O4/SiO2/PAMAM nanoparticles, (b) 
Effect of temperature on desorption of TMX using 

Fe3O4/SiO2/PAMAM nanoparticles 
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Fig. 9. Effect of contact time on the adsorption of TMX 
using Fe3O4/SiO2/ PAMAM nanoparticles 
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Table 1. Pseudo first-order kinetic and pseudo second-order kinetic constants 
(Azizian, 2004) for adsorption of TMX onto Fe3O4/SiO2/PAMAM nanoparticles 

Isotherm Parameters 
TMX (mg/L) 

20 50 80 

PFO 
qe1(mg/g) 4.91 16.62 25.68 
k1 (min) 0.050 0.067 0.057 

r2 0.541 0.756 0.963 

PSO 

qe2 (mg/g) 16.94 41.32 66.66 
k2 (g/mg min) 0.023 0.009 0.005 

r2

qe exp (mg/g) 
0.999 
16.42 

0.999 
40.21 

0.999 
65.00 

Fig. 10. (a) Pseudo first-order kinetic plot, (b) Pseudo second-order kinetic plot for the adsorption of TMX onto 
Fe3O4/SiO2/PAMAM nanoparticles 
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Fig. 11. (a) Langmuir, (b) Freundlich, and (c) Temkin isotherms for the adsorption of TMX onto 
Fe3O4/SiO2/PAMAM nanoparticles 
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Isotherm Parameters Value 

L b (L/mg) 0.274 
qm (mg/g) 15.38 
RL 0.154 
r2 0.977 

F KF (mg1- (1/n)L1/n/g) 6.45 
n 4.62 
r2 0.993 

T B 2.15 
Kt (L/mg) 16.70 
r2 0.952 
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