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Abstract  
 Polyethylene Terephthalate (PET) is the most common material used in manufacturing mineral water bottles. 
Antimony trioxide (Sb2O3) used to form the PET containers may pollute water with their ingredients. In this 
research, graphite furnance atomic absorption spectrometry was used to investigate the effects of storage time (1 
to 8 weeks), storage temperature (-20 to 80 °C), pH (6.3 to 8.3), exposure to sunlight, and UV radiation on 
leaching antimony from PET bottles into the mineral water of 15 bottled water brands available in Fars Province. 
Concentrations of antimony in the first and second weeks were lower than the maximum standard limit (5 ppb) 
recommended by Iranian regulations. Antimony concentration in one sample (brand A) rose above the standard 
limit after four weeks and in 3 samples (brands A, F, and J with antimony concentrations of 5.48, 5.08, and 5.06 
µg/L, respectively) exceeded the standard limit after 8 weeks. Sunlight, UV radiation, changes in pH, and 

storage at temperatures of -20 ℃, 60 ℃, and 80℃ were also found to increase antimony concentrations to levels 
above the maximum standard limit. Clearly, storing bottled mineral water in ambient conditions may lead to the 
release of antimony into bottled water, which is a serious threat to public health. 
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��
 5�% �� )	��8 �APHA ���w �	 F��6� � )	 #�/� Fe/ 0PET ��

) 
,����� x����y� o,	���> �� 	� ��TJ0^U0dJ(7#��2�% ���!��
 �������� �� ���� 1����(�� ���i#�/ � 1��/��� 
��%���^U�dJ���!��

 F%	 ��i� 1� �	 �#� �� �� )	 #�/� )	'#� 7#2�%]TU[.
��	1/	 �1� �� ���jR ",	 �� )	� #�/� F�]�? "#�#.* � ���#�

�� #�> �n�> �4�% �� ��� 7���( )��%	 
/1.� ��� ����( ��� �	�

� � 1�> c�i/	 01%� ) ��	1�n$/ )���� �#`k�*A��*d����� 0(���:�

) ��	1n$/BJf�*dJ0(7#2�% �!�� pH)P/^�*P/d���* 0(

2 High-density polyethylene (HDPE) 
3 Polystyrene (PS) 
4 Poly Carbonate (PC) 
5 Non-Carbonated (NCR) 
6 Carbonated (CR) 
7 Non-Carbonated and enriched (NCRE) 
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�.>	 � 1#>�\ �/UV ���4� �	 )	� #�/� F�e/ )	'�#� ��� ����

�R .F(�� �	�G �.��4� ��� 
/1.� �� N\	� �� &M��(�* "�#*	 

s�JD� D � $ ��
�,���� c�i/	 �	�� �/ / 1,�� 0�� 
� �#n* 
,�� )���� NG	1�� �� 1>

 ��* 1�#�* )���� �	 "#��+ � � 1>�� ��>�� �n/� 1#�* X,��* �	 "8 �
 ",	������ .1�>�� �1> ��	1n$/ 
4#3� @%��� o,	�> �� 0��	1,�\

 ��/ / 0
/1.� �� Q��� �� �#��	 �yR '�	�� �� �.!	�� �� ��� 
,���
#�* X,��*�/ / c� * .1> ��	1,�\ ��� �% �	 �� � 1�� L�/ �	 ��

 ���4� �� � ��� ��� )�1� 
.#6E 
/1.� 
��R b��! �	 
,��� "�#�*	
��2� &M��(�* ��	1�n$/ )��� �#`k* t#-3* ",	 �� .1/�� �1> �1��

 ��� ���� 0)	�� #�/� F��e/ )	'��#� ��p}�#`k��* � Q�����pH 0����� 0
1#>�\�/ �.>	 �UV 0��� ��q",���e#� ��� 
/1.� �� Q���

Q���) 1��>	� �	�#> �n> �� 	� ���( ����A�D1�> 
�%��� 0(.
F�e/ )	'�#� �� 0���4� O�i� �� �4% F62/ �#`k* 5� ��	 N#�� ��

 ��/ / �� � 0)	 #�/� ���4� �� ��� 
,��� O�i� ���UJJ ���#� 
��#�
 ���=�(<� ��/ / 0Q���� ��� ��	1�,�\ �	 bR .1/1> ��	1,�\ ���

 c��i/	 �	��� 0)� 1�#�* X,���* ��� ��!* ��� � �1> N-��� ��$e,����
�,���� ���/�� 0�E��� ��� F(�� &�= �',�.

s�l�����<W. &�$0 ��GV) ����� 
�� �	 )	� #�/� F�e/ )	'�#� �� ��	1�n$/ )���� �#`k* 
%��� �]��

�/ / 0�� N\	� �� ��4� ���� �� 
G�*	 �� �]/ ��� ���BT��!��
 �� br�% � �1�> ��	1�n$/ 1#�>�\ �/ ���* �	 ��� �� 7#2�%
 )	�� #�/� )	'��#� 01��#�* �	 b��R O���e� � c����nW 0c�� 05�	 ����:�

��	1/	 1> ��#�.

s�s���:� 6 � . D �$ ��GV) ����� 
�� N�\	� �� ��4� �	 )	 #�/� Fe/ )	'#� �� ��� �#`k* 
%��� �]��

 �	 
,��� ���13� 0��BJf�*dJ���(�� ��]/ �� 07#�2�% ��!��
�,���� �	�� � 1> c��� F�eR �	 01#�>�\ �/ �#`k* �� C��� ���

Q��� �	 c	1� �� �	 0�]�� ",	 �	�� .1> ���:�%	 ��$e,���� ���A

�D0I�� ��4� ���	� �	��G 
*���:�� 
,��� o,	�> �� ��:� Y, &1
 ���� �� �',�( �� 5�	 ��4� .1>BJfc�� ���4� 07#�2�% �!��

 ���� �� 5�+y, ��U��� c�% ���4� 07#2�% �!�� ��/ / )	���
 ������ ���� ����*	 �� 1����>BT�� c����nW ����4� 07#��2�% ���!��

 ���� �� �*��8/	TJ/	 �� Oi�R ��4� 07#2�% �!�� ��� �*���8
 ����UJ����� ��� �*���8/	 �� O�e> ���4� 07#2�% �!��dJ

��� ��� 0@�2W�� "��>	��� �	 b�R O��:� ��4� � 7#2�% �!��
FeR �	 bR .F(��� �	�G 1#>�\ �/ &���i� �� ��$e,���� c�� 

.1> �,���� ��4� �� )	 #�/� )	'#� 0)��� &1� ",	 
E 

s�w���GV) �����pH 3*:� DUV 
���4� �	 �	�#�> �� ��� ! �	 )	�,	 ����n> �	 ���#2� �� �� ����

�� &�.,�� �,�% ��	1n$/ �	�� 
/1.� �� 0� #� �� 1��/�� �� '�!

� ���:�%	 '#/ ��#? � ��? �� .�> &	��`	 
�%��� �	��� N#�� "# �

 0)	 #�/� Fe/ �� &�.,�� ",	 ��	1n$/pH �,����� x���y� ���
.1/1> 

��� �� 
/:�1V UV�� �� F%	 
,�# #> �#? ��� Y, �E

� ���:�%	 
/�'(	 ��� �.>	 .�>UV � N�.( ����,� �	1�.* �����

� 
,�# #> &M�.:/	 [� �� F#=�\ ",	 �� �> ���*� ����UV 

1���/�� 
�.���= ���� #�R �	��� .F��%	 �*1,1��>PET L	��/	 o��%*
���* 
��:�� 	�( ��� �� ��� ����	� ����� � �1> @,�y* 1/	* �	

.�> ��w �� �!� 
�� �#`k* 
%��� �]��pH �.>	 �UV )	� #�/� F�e/ )	'#� �� 0

0�� N\	� �� ��4� �	P�4%pH )	'�#� 	1��	 �� .1> ��(�� �]/ ��
pH Q��� �� ��A�D�� ��$�%� ��#%�pH ��	1�/	 ���� .1�> ���#�

 )	'#�pH Q��� ��A�D@#*�* ��P/I�d��:�%	 �� br% .�� �
0O,1�% &	��#/ �Y,�����1#� 1#%	 �	pH ��/ / ��� ���P/^0P/I

�P/d.1> ��	� �##�*AUQ��� �	 ��4� ���� A �D�� � ���>	���
 b,�*�� Y,U×P�/ / ���� �� 
�:��y� o,	��> �� � �1�> �1���

 .1/1> ��	� �	�GpH ��U�� ��4�P/^�� 0U��� �$,� ��4�P/I0
�� �U�� �$,� ��4�P/d�� �	 .1> �1/�%�U���4� 0��4� ��%

�� 5�	 &1� �� 1��> �/ / )	��IB����� �� ���*	 �� F���%BT
&1� �� c�� ��4� 07#2�% �!��IB����� ��� �'�,�( �� F��%

BJf&1� �� c% ��4� 07#2�% �!��IB�*���8/	 �� F���%
 ���� ��dJW�� "�>	��� �	 bR c��nW ��4� 07#2�% �!�� @�2

 &1��� ���� 0)�IB���/ N����-� �� ��$��e,���� c���� F��eR �� F����%
 ��� 
G�*	 �� Oi�R ��4� � 1#>�\ &1��^Y�, N���-� �� F���%

 �.>	 ��MUV [� 5E ��BUT .1/1> ��	� �	�G ���/�/ 
����4� ���� )	�� #�/� )	'��#� 0)����� &1��� "��,	 
��E �	 b��R

��	1/	 ���M L�/ �� �M� .� .1�> ��#�UV ���:��%	 
�� :��>A(
��M ) ��e( O� ���LP 0(B��M ( ) o�%�� ���e( ��� ����MP .(
��M [� 5E �� � ��� Y#*������� ��e( O� ���BUT ���/�/

� ��� ��M � 1��� �� � ���� Y�#*����� 
�R o%�� ��e( �� ���

[� 5E "#� ���TJJ fAdU 
�� ���� ���/�/ ���	 �M� .� .1����
� &	1��! F]�? ���M �	 1>�� ��,� �� �� t�. ����MP ���:��%	

 
�� ���� t�#-3* "�,	 �� .��> �	 0t���.� &	1���! )��� '#W��/ N�#��
��MLP .1> ���:�%	 

��*� �.�>	 [�� 5�E ��W�� 1�	\ ��e#� )� �z��/	 01>�� �* 
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�� ��� ���4� ����	� c��i/	 1�/�� �,	'�(	 �	�� ",	����� .��
�i#�/ �� � )� )��� 
/1.� ���w �	 )	 #�/� Fe/ F��% �,	'(	

�/ / 0�� N\	� �� �� �� &1�^5E �� �.>	 ��M N��-� �� F��%
 [�BUT .1/1> ��	� �	�G ���/�/ 

s�u���M JD� 
�/ / �� )	 #�/� F]�? �M .� 0F�%	 '#W�/ ��#2� 
/1.� �� ���

��� ",	����� ��� ��� ! �	 M��� FG� �� '#��/� ��� �������8r�%	

,�-�	 �1> F:! �� %<R 
��!p
� *	 ���! �������8r�%	 �, �


�#(	�� ��� ��q��#� �	�G ���:�%	 ��� 1,��]PI[���jR ",	 �� .
 ��/ / )	� #�/� F�]�? ��� �> ��	1/���%	 t�6E ��� B3113  �����

 ����� ���� 
� *	 ����! ������8r�%	 ��$���%� o�%* 01���� ��	1/���%	
/	�� 51� 
�#(	�� ��PsF���> F\�%GBC �� �#�	���%	 ��e� �	

 [� 5E^/BAI ��	1/	 ���/�/ ��	1/	 FG� .1> ��#� ��$�%� ��#�
PPb  JA/JF�]�? ��� )	� #�/� ��	1/���%	 5��3� 	1��	 .��ppb 
AJJ c��/ &�� #]�* c�i/	 �	 bR .1> ��	� ��$�%� �� � �#n* ��	'�(	

�� ��$�%� 05�3� ",	 �	 ����\ �E5�3� ��	1/���%	 ����U0AJ
�BJ��	1�/	 ���! )	'�#� � ��\��% ��#� �� c����8#� � 1�> ���#�

 
1 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
2 Graphitfurnance Atomic Absorption Spectrometry (GFAAS) 
3 Avanta P 

.1> �#n* 
i�%	� 
�3�� ���(�� ��]/ �� �	�8* �% 0�/ / �� ��� ��
 .1> 

w�Z#� D [���. 
P�H�[���. ����<W. &�$0 ��GV) ����� 

��	1/	 )	 #�/� �,��-� O��e� � c���nW 0c�� 05�	 ��:� �� �1> ��#�
�/ / �� 1#�* �	 bR ����� ��� 
G��*	 �� ��� 
�%��� ��� ���BT

5�1�! �� 01/�� �1> ��	1n$/ 7#2�% �!��AN8�> �A)��e/
 .F�%	 �1> ��	� Z,���/ "�,	 7��%	 ��� � c���nW 0c�� 05�	 ���:� ��

#�/� F]�? �S�	1� 0O�e��� )	  
/1.� �� �� @#*�* ����F)ppb 
�/{0(A)ppb �}/{0(A)ppb ��/}� (A)ppb {�/}� (

�� )	 #�/� F]�? NG	1� 
/1.� �� �� @#*�* ����J)ppb }/p0(
H)ppb {/q0(H)q/s� (B)ppb }s/st��6E .F��%	 ����� (

 5�1�!pN�8> �p
/1.� �� �#�� �� 0)���� F�>�� �� �� F�]�?
 ���:� �� �,	'(	 ",�� � � ",��e#� .F(�, �,	'(	 �� �� )	 #�/�

�� 5�	 ��:� �� F62/ O�e� @#*�*}/qs� Q����) 1=��J� (}/s
Q���) 1=��BQ���� �� .�� ( ����A0G0H0I0J0K0L0M0N

�O�� 5�	 ���:� ��� F6�2/ O�e� ��:� �� )	 #�/� F]�? �,	'(	
 �4%}	� 
�.� 1=�� ���:� �� .�� �)	'�#� 0O��e� � c���nW ����

 
/1�.� �� �� )	 #�/�A
/1�.� �� �� O��e� ���:� �� �����A

)ppb {�/}0(F)ppb ��/}� (J)ppb ��s/}�*M������ ������ ( �	

���� �	�* �S�	1� ) )	�,	 ��	1/��%	ppb }.1#%� ( 

]D�2l�KE �� )	 #�/� )	'#���/ / �� 5�	 ��:� �� F62/ )� �,	'(	 1=�� � ��:� �,���� ��� u�� 
(��i�� �8� �.� -C�?�) &� 	ppb (

K� ���$
�.�*$ -�+. ���� 3�1�

]D� 3�1� 3�
-�+. 5��<� 3�1�

]D� 3�1� 3�
-�+. 5D 3�1�
]D� 3�1� 3�

���� 3�1� 5��<� 3�1� 5D 3�1� ]D� 3�1� 

{/�� �/�{ UI aTd/U aJH/U adU/T cdeJH/P A
}/s }f BBf bUP/P deBT/P de^U/B bcdTA/P B

qp q/p� H/I ab^B/T bcTT/T aAB/T abcdB/P C
sp p� H/T ad^/T bcdePJ/T bdH/P abcIA/P D
q� � d/^f abIJ/T cdeIJ/P bcdTU/P abIJ/P E
p/� }/} d/B aJdJ/U bH^/T adP/T aI/T F
�/p�q �/�p PI ab::�/; bcdeHU/P bcdeAU/P efgP/B G
{/�� p/s� U/T abPd/T eB/P eT/B efgP/B H
p/qpq p�p U/dU a�:�/; bcdeAU/T cdeHU/B fgUH/A I
}/qs� qqq ABH aJ^P/U bcdP/T bcdTP/P gU/A J
�/pp� p/p�� U/UB ab		/; bcdPIA/T bcdeB/P efgA/B K
{/�� �/�p B^ ab�:/; cdeIBJ/P cdeH/B efgP/B L
s/p{} p/ps� dU a�9:/; bcI^P/T bcI/P fgB M
q/�} }{ ^ ab��/; bcdedU/P de^U/B defU/B N

p�� �/p}p  dH ab	�R/; bcdeBd/T bcdeBA/P fgI/A O
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NO:l��� �� )	 #�/� F]�? &	�##�* �� x��y� K/1.� u��
��	1/	 ���� 5E u�#� 

w�s���:� 6� . D �$ ��GV) ����� [���. 
�,���� Z,��/ )	'�#� �� 1#>�\ �/ � ��� �#`k* 
%��� �� C��� ��

 Q���� 
/1�.� �� �� �� N�\	� ��� ��4� �	 )	 #�/� Fe/A�D

5�1! ��BN8> �B.F%	 �1> ��	� )�e/ 
0)	 #�/� Fe/ )	'#� �,	'(	 1=�� ",��e#�U/API � 1=��

 ���� ��dJQ��� �� � 7#2�% �!��A1�=�� ",�� � .�	� ��
 0)	 #�/� )	'#� �,	'(	UI���� �� � 1=��BT7#�2�% ��!��

5�1!) �� 1��> �/ / �� C��� �B�� )	� #�/� F�]�? �,	'(	 .(
����BJf�dJ1#�>�\ ��/ N��-� �� "#�+ � � 7#2�% �!��

 Q����� �� ���� ��A�D�4��% ��U
���.� 1��=�� )	'��#� .���� �	�
 bR )	 #�/� ����� ��) �',�( �� ��	1n$/ ��:� Y, �	BJf��!��

(7#2�% ����� ���) 5�+y, 0U7#�2�% ��!�� ���) �*���8/	 0(
������TJ������ ����) �*����8/	 0(7#��2�% ���!��^J���!��

 ���� ��) �*��8/	 � (7#2�%dJ�	 �*M��� ��� 0(7#2�% �!��
 ) )	��,	 ��	1/���%	 7��%	 �� 
���� �	�* �S�	1�ppb U�� .1#�%� (

Q��� 
/1.� ��DQ���� 1��/�� '#/A�,	'�(	 1�=�� ",���e#� 0
) )	 #�/� Fe/ )	'#�P/dU���� �� (1=��dJ7#�2�% ��!��

 ) )	� #�/� )	'�#� �,	'�(	 1=�� ",�� � .�	� ��A/U�� (1�=��
 �����BT)	'��#� .���� 1����> ���/ / ��� C����� �7#��2�% ���!��

1n$/ ��:� Y, �	 bR )	 #�/� ����� ��) �',�( �� ��	BJf��!��
7#2�% ����� ��) �*��8/	 0(^J�*���8/	 � (7#�2�% ��!��
 ���� ��)dJ(7#2�% �!�� ��� 
����� �	��* �S�	1� �	 �*M�� �� 0

) )	�,	 ��	1/��%	 7�%	ppb U.1#%� ( 
/1�.� �� ���4� )�	� �	�G
 Q���� �� ��� �� 1#>�\ �/ N��-� ��D�AY�, 
�E �� 0���:�

 
�� 1> �� N\	� �� ��4� �	 )	 #�/� Fe/ )	'#� �,	'(	 �� �i��
 
/1�.� �� �� �,	'(	 ",	 )	'#� 1=��A
/1�.� �� �	 ���e#�D

N8> ) ��PQ��� �� �� �� )	 #�/� )	'#� .( �S�	1�� �	 �*M��� ��
) )	�,	 ��	1/��%	 7�%	 �� 
���� �	�*ppb U.1#%� ( 

w�w���GV)pH 3*:� DUV 
�,���� Z,��/ �#`k* 
%��� �� C��� ���pH �.�>	 � ���� 0UV ���

 Q���� 
/1.� �� N\	� �� ��4� �	 )	 #�/� Fe/ )	'#�A�D��
5�1! ���P�T�� .F�%	 �1�> ��	� )�e/pH ���	��P/^0P/I�

P/dQ��� �� �� ��A�D�� )	 #�/� F]�? �S�	1� 0dJ��!��
 Q��� �	�� �� F>	� �!� 7#2�%A�� @�#*�*dH/^0Td/U�

B^/^Q��� �	�� � ��#� �� c����8#�D�� @#*�*PA/I0B^/^�
dU/^�,��-� �#�� �� �,��-� ",	 .�� ��#� �� c����8#�pH �	��� �
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