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	 ������ �����  ���  !�"# �� $�%�&������  �� 
������ ���' ��  �����(	   �) �%��	  .����  ���� ������ ���� �� ��+�	 ,-./	 0�1���� 2��	 ��34�� 5�6�� 7���� �� � �����8�� 7'� .��34�� �9�#��#: ;�1� ��<
 7'� �� 	
�����  2�=�	 �� �.>�  5
�?	 71@	 A��8)�=4� 5�C4�D ��1���E ������  =���� �( ) 
G%	 ��H��IJ� 5����' � �
 ���� ( 
�?	 7	K' ������ �.��� ��%%� . ��
�� �� 5�L ���M	 �� ���� ���� �� ��+�	 ��34�� ������%�N: =�#��: �� �D�=	 O	�P ;� 2��%P�� 
	 O�P�%� �  �� ����D �� ���	 ����?P ��� 
QD. ��� �� ��� �� �J�D E��6�� 
  R�� �-D�	 �� .��� R�1�� �� 
-�18  �� (��' ���� �  ��4 ���� 5�'�U'� $����)  ��V� � (��� �.-�4 � ���	 5 �>���4 5�����+) ;�'K� $���� �� �P� 5���� $�� �-D�	 �� .�%.4�W ���� 
'��� ���	 ��34�� 2�=�	 !�"#X��(R���.	 � ��Y� &��) &�� �� ��Z�� 5  2�=�	 ��[��/.'� � �<#�I	 ���	 5�.'��� ���� ���� �� ��34�� ��� .74�W ���� ����"� �� ��� ��34�� 2�=�	 �� �.���� �CDK	 O��� ��Z�� ��\	 E��6� ��� ]��.�  �� ����1>� ��  �.(�� ��34�� �.'��� ���� �� ���7 ���� ��  ��  5;�'K� ���� $���� 2��	 �� .����� ���� �����P���.(�� ) ��34�� 2�=�	26±1044 
-�	 (�.�# �� X�W��  ���� 2�=�	 5 ��V� $���� 2��	 �� .�� [��/.'� ���	 ���� 74�W ���� 
������ ���	 2�V%4 �� �� 74���� ���M	 b>D �� ��34�� 2�=�	 �Q# ��� 0��G.	 H: ��$���� 52��	 ��� �� . ��  �."	 ��� $�� �c�?8 5�'�U'�(. ���  ��34�� 2�=�	)16±1371 
-�	 R��<	 �.�# �� X�W6/0±54  2�V%4 �� ��40 
-�	� ��' ���� �� ��34�� 2���	 ���.�� O��M	 �� .����� ( �.�#� .�	: 7'�'��� 
  ���� [��/.'� &�� =�� �� ��� 2�(� ��Y� &���CDK	 O��� O�� �� �� ��34�� 7'� ���� ���D)  �20% ���?P �� (R���.	 &�� �� �>��M	 �� E���  ���� �%� 
QD  E��� �� N��.D� ����%�N: =�#��: �� b���� ��� ��%%� �-8��	 �Z������ �� �� ���>� ����M	 �� N��<	 �� ������� ��+� ��5 � ����8 71@	 ��Z��7�� . �����G.'� � O��.���.'� RKD �� ���G.'� 5
-���� �� 2�	=��Hi�+  ��PSA  �C18.7��� R�1�� �� �� ��34�� [��/.'� ����%<	 E��� 5    ��	�
��  :
���� 5��34����Y� 5�.'��� 5�����P 5����    �����١ 34��� �)75351- ��O�.	(��.��=W  
������ R�	�4 �� 2O4N10H8C 5�9�#��#: ;�1� ��<
  
1?P �.>�' k�"	 ;� �  =��	  
#��#�	 2�� ��194� R�	 �� X�W���� �� �� 7'��  ����  � �9���� � m����  �)   ������ ���M	 �	 74�
��.�  ���	 ������ 
�?	 �Qn
� ��� ����
��    ��D34��� �%��	) � $�����) 5���� 50K��  5 
������ �%Y�� � (O�#� 2���  ��� ���.>W ���G.'� � 2: �� ����� �  $���������� ������ �%��	)  �	�'
W���8  ���>	5(��  7'� ��� oP��  �� 2��%P �� b���� ���R���.	 ������� � 	 2��+ �'��' �� 
4�?  �.8�%���� )Li et al., 2020; Nawrot et al., 2003(.  p'�.	  5��34�� 
�?	70 
-�	 �L���� �� 7'� ��� �� �� �G� ��  ��� �� X�W                                                             1 52  �3- ��  �V(��� � ���� 
'�%����  �V(��� 5�����.'� b����W 5��.�� ��� .��(	 
'���4 ��L(��� 5 ����(� ���(��� 5
��Qn q��%c � X�-P   7'� ,-./	 q	��+ �� 2:  N�� 
�?	)Buerge et al., 2003( . ��� HQ+ &���W ��L.'� r��� �� 7P�' �� ��34��  2���+ ���� � 
	 2�8�� ����� �<� ��  �"� 7�QW 1  
#�5/1  2: 7C-n 57P�'
	 q���� 2�� O� �� 7P�' �� � ���'� �@���D �� 2�8 �� ��� )Nawrot et al., 2003(.  E��=4� 5 �8 � r-8 �� ��34�� ��G	 0���Z�� �������'� 0�1Z� �� 
L.>8 E��� �  �� 5�6��� ��� ���' p sI ���� 5��9��  �� 0���Z�� ���>��G	 ��� ��%.>� ��  �"� ��  
�?	 ��34��  q4�  ������1� ��� 5
L.>8 �� 
���  ���-�P 0NK.8� �  �����
W���8�	�' �%��	 ,�G8  �� 
	 =��V� ���)Brice and Smith 2001(.  *)-R�3>	 ��%>���      :Email: moeenfard@ferdowsi.um.ac.ir(  DOI: 10.22067/ifstrj.v17i2.86410    ����� ����� 	�
�� 
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 !2$�$�% "-  �'(1400 ��� �.8�%� ��34�� b���� ���� ���� 2: ���M	 � 7'� ����
	 H�>"	 ���� 
������ 7�G�� �� 
?8��$���� �� 2: ���M	 .��� �.���� $�� �� �.>� ���� �  7(� O"	�����P ���� �� .7'� 0��G.	1 5  ��� ��34�� ���M	8/0  
#�4/1% /
���  5O��M	 �� .7'� ��v.	 
��� �� 2: 2�=�	 �.'��� ����2 ����"	 �� � ���� �.(�� b���	 ��0/4 - 7/1% /
��� ���� ���� 
��� )Mussatto et al., 2011( . �� 
�� 
W6��
������ ���' �� �>��M	 �� ���� ��4 �� �?"%	  ��	 �� �%�� &�� 5 �)�� 7'� 2: ���� $�%.	  �� 0�� ��  �M�-' ��Z�� 7"� 
�?	����(� w%��4 �� 2�W�%%� ���� ���� )Gloess et al., 2013( .  5�.���� �� ��KP
������ ���� ��� =�� � ��Z�� ��34�� 2�=�	 �� O�� .���� 
�+�� r�M"��� Bell ) 2������ �1996$���� ��34�� 2�=�	 ( �� 
������ 50  ��mg/cup 143 v.	 ��� ��)Bell, Wetzel and Grand 1996(. Sereshti ) 2������ �2014 �%��	 
������ $���� (  �� ���n � R���� 5N�� 5���� 5 �)����� �>��M	 ��34�� 2�=�	 �C� ��. 2: ]��.� �� 5x��� �� �<� ��� 2�(�) ���� ��34��µg/mL 267(  �� �1��  7��� ���� X��)Sereshti and Samadi, 2014( ���' �)�W� .  �� �� ��34�� ���M	 =�� �M�M"	$����  ���� �<#�I	 ���	 ���� 
������ ������� )Candeias et al., 2009; Jeon et al., 2017; Jeon et 
al., 2019(�� �� ��34�� ���M	 �� 
M�M"� 
#� 5� 
c�?.8� 0��c 
������ �� 
<�'� ,�� �� q	�+ $���� �� �P� ��;�'K� �����+)3 5  �>���44 5���	5 ��� �.-�4 �6  � (�.'��� � �����P ���� �� ��� ���� R�>U� 5�'�U'� $����)  ��V�7��' ���� 58 ��4 ���� 59 �<#�I	 ���	 ( .7'� ��(� X�V�� 5��� ���� �� R�@	 2��%PCandeias  2������ � )2009(5 <#�I	 �� �'�U'� ���� $���� pM4� ����� )Candeias et al., 2009(�� . 5���(	 ���Gloess ) 2������ �2013 (  $���� ��34�� � ��� �.�-4 � �'�U'������� �  ��W������.  �� 7'� ��i �� X�N R�D �� >� �J�D���   ���8 �� �� ���� X��	 �� �&�� ��,-./	  ��  ���� 
	����%� .�%%��� 5 ��� �� ��� ��� �� �	 &K�
�������� � �� $���� � ����
	 ���� ����� �� ��  ���%� �>��M	 ���. 
	 �� ��34�� .��� ���� 
'��� ���	 =��  �L�� �C%	 �� 2��� �� 5R�@	 2��%P �� �Qn r��� ��) ��34�� 
�?	  N�� ���M	 �� �+�� �� 5(���� b���� ��� 
	 ���� 2��� 2��%P�N: ;� ��%�� ���y �C� �� =��  74�W�� ��?8�� 2��%P
 �� W��#:
 ��>��
 
M-� 	
���b���� ��� .  ��HKJ�4 5H�>� 0�V��8���
��.'����� 0�<��J 5  �'��.>��  �: ,-./	
 H: �%��	��  "I'
H: 5��  ��	���%
  ��� ����� �6                                                             1 Arabica Coffee 2 Robusta Coffee 3 Boiled coffee 4 French press coffee 5 Mocha coffee 6 Filtered coffee H:��  �����  �'�%�
� 7'� ��� )Dafouz et al., 2018; Hillebrand et al., 2012(.  �� ��KP���	 q4�  ��34��  ��D 
��Qn 
��� �%��	 ����	
���������� 7<%c 0�<��J �%��	 
��<��J �� �� )Li 

et al., 2020(5   ���� q4� O�1� �� 
����� 0�<��J �%��	 q��%	 ���' EM� 2������ 2�� �� ��34�� q4� �� �.�QW 
�?	 z����>� ��� 
��	 
	 �G�� 2��	 ��� ���%%� )Buerge et al., 2003(.  ��34�� ��{D�� ������ ��W ��%�N:2���'  ���� ��������� �%��	
-�  �� ;�-��' ;���	��:10 )PAH( �6��� ���� �  �) �%��	 
�����W ��   ��D ��) (�%.>� ��34��  N�� ����M	5 ������ � ���� �-8��	 0�1���� ���  ��W 
	 �+��	 O�(	 �� ���%� )Reichert et al., 2018; Sadowska- Rociek et al., 2014(.  �Q#&�� 2�%��� 
QD 7�+ 
G-./	  ��  �� ��34�������  ��7'� ��� ���� ��� �� ,-./	 )Danish 2020; Stamatis and Konstantinou 2013(  ���M	 2��.� �� � X��' 74:E� �� 2���' � 7�� �� �� ��H�-I	 7"c 2�	�: ���	  �� .��� ���� &�� ��� �� 
��|� &�� 5[��/.'�  ��}Y ��11 .7'� �Y� &�� X��) �5�Z�	 52���� 52�': 5q��' &��  ���  ��?.8� ���� � 2�L����(5  7'� �����  ��' ���	: 7�+ q��' � ���' 
��%��  �� R�' �� ��� ��#��  ���2003  p'��� X�� �� 
���#: rM"	 ; Anastassiades [��/.'�  ��� 50�4: q4� X��' ���	 �� 0�V�=1' � �� ����W 
4�<	 )Anastassiades et al., 2003(. #��: �� ��KP� = 74:E���5 ��� &�� ���   =�#��: � 
��'�%���%�N: �� ,-./	  ��  �-�+���� 5��2�	��� 5��
)��� X��' 5�����������  ��	��:� ; �M-D�%)�  ) ��%� � $��N:�#: ��%
 ���	 �� �������~��  �Qn
�  � "	�I
 7'� �.4�W ���� ���G.'� ���	 )Kim et al., 2019(.  ��'� RKD ;�� �� 
�� 0�1���� [��/.'� �� ��� ��{D �� 
#:  �� ��;�G#�' � ���'���-� �%��	 
���0 ��=�%	 �-D�	 �� .7'� ���.'� � 5�<� p'�� ���?P  ��>��Hi�+ $������ 
	 X�V��.���  &�� ���  
QD  ���
#�%4 0�1����
#:  ����'� 5 � 
L�� 0�1����+ 5 =�#��: 7�  �.�������������  ��	��:��M-D �%) ;�   �) ����� �� 7�M4�	 �� 5 7'� ��� ���� )Sadowska-Rociek, Surma and Cieślik 2014(.   �Q#5E��6� ��� R�� E/� �� ���� 
������ $���� �� ��34�� 2�=�	 �� �P� $���� ;�'K�  ��V� ��  �� 74�W ����8 ���� 
'��� ���	.��� �/(	 
4�?	 ���� 2�V%4 �� �� ��34�� 74����  �-D�	 �� X�� 
	 �P�� E��6� ��� A�8 7���	 O�#� �� ��Y� &�� �� ��� �� ���� ���?P �� ��34�� 
QD 7�-��� 52: �� ���G.'� ���	 0�1����7 Espresso type capsule 8 Iced coffee 9 Instant coffee 10 Polycyclic Aromatic Hydrocarbons (PAH) 11 Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) 
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� ;�<4 �8 ...   231 .���� &�� �� ��34�� [��/.'�R���.	 �M	 ���	 ��Y� &�� ���� �>� � 74�W  ���� &�� ��Z ��Y�7�+ D ���(	 0�M�M"� �� ��34�� 
Q	 ��� ���G.'�  ����.���W �.'��� ���� ���?P �� ��C%	 ��� ��5 ��2��%P  �.>�'  � �� ���G.'� R�	 RKD $�� � Hi�+ $�� 7�+ �� [��/.'� �%�:�4.74�W ���� 
'��� ���	    �	� 	 ������  ���� �.'��� ���� �#�8 �1.<	 ��L���4 �� ��  �����8 .4�� 5��3 ���' ���-�5 ��=�%	 0�G#�'5 0�.'���'�.� 5 ��� 0��4����'�=L� Hi�+ ��PSA 1 � O�'��.�� 2K�')C18(2  �� ��L�' 7��� ��  �����8��RKD .O��.���.'�  ��0�.'� O��� 5 5 ��'�;�.'� R��'KW  �+�� �� R���.	 � =�� 
4��W���	��� 7��� ��VWR  ����4 .����    ���� ����� �����  ) �����P ����100  �c�� caffea arabica  H:  ��."	 ��34/2 �c�� /
��� ) �.'��� ���� � (
���100  �c��caffea robusta  ��  H:  ��."	11/3  �c��/
���  
������ $���� ���� 7�+ (
��� q���� .�%.4�W ���� ���G.'� ���	 ��� �.-�4 � ���	 5 �>���4 5�����+) �����P ����  ��� 0��i ������≤ 500  �.	����	65% �500-300  �.	����	26% �300-200  �.	����	4%) �.'��� � (≤ 500  �.	����	 63% �500-300  �.	����	18% �300-200  �.	����	10% �1��M� ( .��� ���(	 ��� ��� ���� ���
�� 71>� ��5/7  �� ���� X�W100 
-�	 �.�# H:.�� 7��P�    ������ ����  25/11  �� ���� X�W150 
-�	 �� � ��� ��-/	 &�+ H: �.�#  0�	10  �� �<� � .74�W ���� E��+ 7#�D �� �M���2   ����L� �M���  .����W ��+ 
��� ��4 52��' 7#�D ��    
� ��!" ����   25/11  �� ���� ���� X�W���� ��' � ��� �./��  �>���4150 
-�	 �.�# �� �<� .�� �4�J� 2: �� &�+ H:5/2  �M��� ��  ����L� ����  =-4 �.-�4 2��� ��(4 �� ��4 �� 52��' 7#�D�� ��+ �� �� ��'��.    ���� ����  25/11  �.-�4 O8�� ���� X�WA�?/	  =-4 .�� �./��  �.�  �� ���	60 
-�	 �� 74�W ���� 0���D  �� 
�y � ��� �� H: �.�#                                                             1 Primary and Secondary Amines (PSA) 2 Octadecyl silane (C18) � ��� ��1P ����  ��D �.-�4 �� ��	: &�+ H: X��� �� 
��	�  
�y �� .�� q�+ 
���    ��� !#��" ����  5/22  �����) A�?/	  Qn�� �.-�4  �� ���� X�W2 74�W ���� (  ��1P �� ���� 
������ �300 
-�	 0�	 
� &�+ H: �.�#2  
#�3 .�� ���� �M���    
��$% ���� �����   ����� ��� ���� �� �+�� �� 5����� �� �����G.'� ���	 ���� ���W � $�� ��� 0��G.	 
������ $���� ����  ���.    ��!&�� ���� '��!�  2�V%4 ��  ��40 
-�	 
4�� ��  �.�#��� .�� ����    ('� &�) ��!&�� ����  R�>U� $���� ����  ����� �� ,-./	  ������ ��/.'� � ���� ���� [�� ���� ��L.'� ���') �KRUPS 5XN2100 5  �	� 7"� (2��#:95-90 
.��' �+�� ��(4 � ���W19  ���� 7�+ ���40 
-�	 X�V�� 5
������ �.�# R�>U� ��� .�� �� ���� ���M	 .����� sI' ��  =-4 E���  ���� �� R�>U� $��  ��1 52 53 54 55  �6 �� ���D �� b����00/6 501/5 5 01/5 513/6 519/5 571/5  X�W���<� ��.  5�.���� !�"# �� $��1 52 53  �5 ��P ��-/	���#�D �� ����� �.'��� � ��� R�>U� �� ��+�	 ����  �� 4  �6 .��� �����P $�� �� pM4    ��* ���) ��!&��3(    ��."	 �� ��� ����08/7  ���� X�W (�.'��� � �����P ��-/	)O8�� ���� �� [��/.'� � ��  �����8 ����� �� A�?/	 �.-�4A�?/	 ��' .74�W X�V��    
��" ����   ���� ��� (�����P $���� ��-/	) ���M	 � ���  �����8 ����� ��2  �� 2: X�W150 
-�	.�� OD &�+ H: �.�#    �!� ����   5��%%���#�� 7��� O�<#���.'� ��'� ��8 ���� ���� �� X�W (�L�� ���	 � ;��.�' ��'� 5��� 5 ��4 ����  ��D) �� 5240 
-�	 �.�# .�� ��-/	 
��8 �� � ��� OD ��' H:  3 Espresso type coffee pod 
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 !2$�$�% "-  �'(1400  ,�!-#���."��/  �	� �0'	��#�   ���M	��34�� R�-"	 �� ���G.'� ���� �� 
��� p'��=����  ��1 I  �II ������ 5��C%	 ���� .��  ��W1/0 
-�	 =���� R�-"	 �.�#I )6/10 �VD �� �IM	 H: �� ��: �' 0��4����'�=L� ��'�.� X�W100 
-�	 �.�#  � (��'�1/0 
-�	=���� R�-"	 �.�#II )9/21  ��  �� 0�.'� X�W2 
-�	 �VD �� �IM	 H: �� � �� b���� R��'KW ;�.'� ��'� �.�#100 
-�	 �� (��'� �.�#5/2 
-�	 �.�#���� 
������ R�-"	 �� � �4�J�  :H: ) R���.	10:90�VD 5
/  �VD �� 5(
�VD50 
-�	 ����'� �.�#  �� ~� .��10  0�	 �� 
��� ��4 52��' �M���5 M��� 7P�' �� �4000 �.��' 5�M��� �� ���� 74�W ���� =�#��: ���	 � ��� ��G)Jeon et al., 2019( .�� &�� � ��Y� 
%<� [��/.'� &�� �� 
'��� ��C%	R���.	 ���?P (=���� R�-"	 ���� ��)�� �.'��� ���� ��  �	 �.>�' 2��%P R� .�� ����  5��C%	 ����500 
-�	 �� ���� ���� X�W5 
-�	 &�+ H: �.�#  0�	 �� � �� ��-/	10  ��L.'� �� �M���.74�W ���� ���'��.#�� 	 2�=� ��34�� �� 5/2 
-�	 �.�# 5�� �.GW N�� �� �Y�: �%���� ���?P ��� �� .����W [��/.'�    ,�!-#�� 1!2� �	� �0   O��1��Y� &�� �� ��34�� [��/.'� O	�� OD��	 5 �  ��i �� 0��9=+  2�(�.7'� ��� ����     3��1- 1!2� �	� �0 �#��0� ���� ���67 1� /�."�� ,�!-#��                                                                 1 Carrez solutions I & II 
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� ;�<4 �8 ...   233 '	�� 1- '�8 !9���� 	 �����:;�� 	 ��1!2� �	� �0 /�."�� <=8 >�� ���?#�� ���� 
�� @��!% ���?#�� ���� '�8 	 :;��  �����  @��!% A��  ��!��B#�  D C B A -  -  +  +  10  mL O��.���.'�  '�8 +  +  -  -  10  mL O���0�.'� +  +  +  +  75  mg PSA  :;��  +  -  +  -  75  mg C18   �� O�� �� �Y�: �%���� 5�cK8 ���1 � ���?P 57'� �� ���� 2�(  ��-/	 �� �.'��� ����500 
-�	 ���� ���� X�W �5 
-�	 &�+ H: �.�#  .�� ����10 
-�	 O��.���.'�) �C� ���	 RKD �� �.�#�.'� O��� � (0�  �4�J� ����� �������'���-� 5�-D�	 ��� �� . 0�G#�' ����� �� 5��=�%	 �.��' 2�� ��-/	 �� ~� � ��� �4�J� ���?P ���G� �����W' . ~U  �� ���?P 
��� ��475 
-�	) Hi�+ X�WPSA � b���� �PSA  �C18 ( 0�G#�' ���-/	 5��=�%	  ��4 2��� ��+ �� ~� .�� ���4�.��' ���V	 �:H: R�-"	 �� ����	 
��� E/� 5RKD 
QD � 
��� ) R���.	10:90 5 �VD
/  �VD �� (
�VD10 
-�	 �� =�#��: � ��� ����'� �.�# )Surma et al., 2017(.  R��+ ��15  ���G.'� ���	 ����M	 � ����v.	 ����� ���� 7�+.7'� ��� ��i 0��9=+ �� b���� �� ��  �1���� 	 C9���D�0 /�."�� 
!�E� �F�  G9�� C"�!E�%��	!� H�0 C9�����0 )HPLC(1   
�� �� � ���<	 ��4 r��� �� 5��34�� 
4��W���	��� =�#��: p�������v�0�  &�� ��Candeias ) 2������ �2009.�� ��1.�� (  �� =�#��: HPLC )Hitachi Elite LaChromatograph 5 Merck 5(����  �� 2�.' ;��  ��LiChroCART® RP-18   R�� ��25 
.��' �.	 74�W 0��c . ���M	20  �<� ���?P �� � ������.'� R�-"	 �� �.�#����	 $�� �� 
L��'  ���.-�4 �� 2��� �.-�4 ��2PTFE  )45/0  5(�.	����	 ��4 :��� ��� ���� �� =�#��: p���� .�� r��=� 
4��W���	��� 2�.' ��/R���.	 O	�� k�".	  �� ;�.'� ��'� 
�: R�-"	pH  R��<	8/2 )65/35 /
�VD  2���+ 7P�' 5(
�VDmL/min 1 � 
��'�%�  ��'����: �-�'��) ���� ����: ��DAD(3  [�	 R�� ��273  .�.	����  5��34�� 7C-n ���<� 7�+7C-n �� ���	 R�-"	µg/mL  300  �� ) R���.	:H:90:10/
�VD 5  ~U' � ��� ���� (
�VDR�-"	  ��  �� ��34�� ������.'�7���C-n  �����25 550 5100 5150 � µg/mL 200 r��� �� ���	 R�-"	  ��'���� ���	:�'� �� 2��'��1�#�� 
%"%	 . 7C-n� ������ ��� sI' O��M	 �� ������.'�  ���.�	: 7'�                                                                1 High Performance Liquid Chromatography (HPLC) 2 Polytetrafluoroethylene  (PTFE) 3 Diod Array Detector (DAD)  ���<� b��J  ���.	���� �.4�W �C� �� �� �C� ���	 
��.�#��: &�� )2R(  5(
������ �c��) 7"c4 O���D 5) ��/(� ���M	LOD(5  � ������ O��� ���M	 O���D)  ��WLOQ(6 .�� 
V%'��1.P�  �c�� ���<� �� 
������ &�� 7"c �� 2�%���� ��C%	R���.	  �� ���G.'� &��) R�-"	 (=����  ����34�� [��/.'� ��5  ���� .74�W ���� 
������ ���	 7C-n �� ������.'� R�-"	 5��C%	mg/mL  5/0  [��/.'� � ��� ����  �� ����� ��� �� ��34��R�-"	 ;��=����  ��  �c�� .74�W X�V�� � ��34�� ���M	 ��>M� �� 
������� ��	: 7'� [��/.'� �� �<�� ���M	 � � ������.'� ����� �� ��34�� ��#���.�	: 7'�    3��I% 	 �9J$% 
���K ������  ���� =�#��:����  ��  ��	: &�� �� ��  ��V� � ;�'K�  �� 7�+ .74�W X�V�� 0��G.	������ ��34�� 7C-n ��L���	 �>��M	  �� ;�'K�  ��O�-"� �-	�P �� ~������ ) �.4�W �C� �� ����� &�� � � ��� ���G.'� ���� ���� $�� ��QW��Z�� O	��P ���' �.4�W �C� �� 2��� �( %<	 sI' ��
���  95% �� ���G.'� ��L���	 �>��M	  ��� ���#�D �� . ���� �� ��34�� 7C-n �-	�P ;� ~����� O�-"� &�� ��  ��V�  �� &�� �� �+�� ��) �� ���� 71>� �.4�W �C� 2��� � 0��G.	 ����  �� ���� $�� � H: 
4�?	 (%<	 sI' ��
���  95% �� ���G.'�.   ��� ��/.'� &�� �� �� ��34�� ���M	 ��L���	 �>��M	��Y� � R���.	 [ 5 ��  5�%.>� �>��M	 $�J�	 O	�P �� ��%� ��%�� �� �+�� ��4 2�	�: ��  ��	: ��J�4 ��  ��2>µ1: µ0H  �1≤µ2: µ1H  .�� �.4�W �������� �� ��p'�.	 0��c±  2��� ���<	 
��"������=V� .�-"� � ����	: O  X�� p'�� ��=4�Minitab 16  X�V�� � 74�W �� ���G.'� �� �������� Excel .���� �'�          4 Percentage of Recovery 5 Limit of Detection (LOD) 6 Limit of Quantification (LOQ) 
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 !2$�$�% "-  �'(1400 LI0 	 M9�#�  J�N��K �	� C$D���O#7�  4��W���	��� &��
 #��: 7�+ �C� ���	� ���	 ��.�� �� ��34�� = 
������ �� ���	 2: 7�� � 7"c �� 74�W ������W ���� ����. &��  ���	 #��: 2��	� ���G.'����	� �� �� ��34�� =
  �� �.��5 ��� .���: ����4 �M  z'����'����: .C-n ����"	 �� ��34�� ��
µg/mL  200-25 I8
 � ���� ���<� b��J 999/0	 .�� &��=W� 2�=LOD  �LOQ ������ b ' 71>� �� ���G.'� ����� �� R�%L� =3  �10 �� � ���� �1'�"	 b���� ����M	 µg/mL 9/4 � µg/mL 9/12 ���	: 7'��� . [��/.'� &�� R���.	 ��M	 R�?D �� �V%	�#�1� O��� �
 ���  ��� �c�����
  �� )5/101 (�c�� � ������� �L��
�  ��� &�� 7�+ =�#��: � [��/.'� ��34�� 	
.����  V%'��1.P�
 ��4 5&����%  ��  ��� 7'���� ���: &�� ��: ��% =�#� ��� ��� ���G.'�  ��	�: ;� b'�%	 E��	�: p���� 7"� 5A�8 E  .��8 �� 7'��.����1.P� �� Oc�D ]V%'
 
	 &�� 0��{�  ��� ����� � ���	 ���G��� 57��
� �.� 0�1Z ����W ���� ���G.'� ���	 =�#��: ] � � ��+ 
(/�
� Q����&�� �� ��� 
��L.'� =�#��:  ��
	 ���� .��� 2: R�1� O��� ������ E��6� ��� �� ���G.'� ���	 &�� 
V%'��1.P������� �� �� .��� 2�(� ��34��  ��WCandeias 2������ � )2009(  ���M	LOD  R��<	ng/mL 20  �� ��34�� =�#��:  ��� ��HPLC  &��=W �����. Jeon ) 2������ �2019 �� �� ��34�� 
������ �c�� ���M	 ( 5����� ��� [��/.'� ]��� &�� r1�107-98%  �� ����� &��=W���� �� E��6� ��� �� Oc�D ]��.�
	 � �%�)Jeon et al., 2019(. �� 
������ �c�� 5���(	 ���97% )Fujioka and Shibamoto 2008( � 599% )Casal et al., 2000(  &��=W �L�� 0�<#�I	 �� =��  p'�� ��� X�V�� �<#�I	 �� .7'� ���Rivelli ) 2������ �2007 5(  ����M	µg/mL 037/0  �122/0 ��  ��� b����LOD  �LOQ  &��=W % 
������ �c�� ��%Y�� .����9/99  �� Oc�D)Rivelli et al., 2007(�� . E��6� ��� �� Oc�D ]��.� 
-� ���� 
������ �c�� �C� �� ������ �� ��/(� O��� ���M	 O���D =�� 5 ��WM"	 ���' ]��.� �� 2�M  � R�1� O��� ����"	 �� Oc�D ����M	 � �.��� 
���/�� ��� ���G.'� ���� ������%� ���� ���� 0�<#�I	 ���' �� X�N 0�1Z � 
����� Oc�D  ��  �� Oc�D ]��.� ���	 �� 0��{�  ���7��� ����8.   ����� �� /�."�� P�J�� ����  ����
�� �����  �� ��� 2���   ��R��+ 2 57'� ��� ���� 2�(�  �� ��34�� ���M	 
������ .7'� �����P �� �.(�� b���	 �� 5�.'��� ���� �� ��� ��#��  �� ��P% R�@	 2�� ��L���	 ��34�� 2�=�	���� ���� �� ��� ���� ���	�  � �� �.'��� 26 ±1044  ���D ��21 ±498 
-�	�.�# �� X�W  ���	 ���� ��  $�� �������P  E���.4��7'� � )05/0<p( . ���� 0��G�  ��L���	2�=�	  ��34��7'� ��� ����� q��%	 ���' �� �.'��� � �����P ���� 2��	 )Casal et al., 2000; Tfouni et al., 2014; Tfouni et al., 2012(5 �Q#  .���� 
���/�� ��� X�V�� 0�M�M"� �� E/� ��� ]��.�    '	��2- ) /�."�� >R�Smg/L���� 1� ��� ���% ���� ����� �� (�#��0� 	 ���0!7 
�� ) /�."�� >R�S /�T����mg/L(   >O �:K �0 ����  ��������� 
��* 847/0± 10/85 aB mL 100/g  5/7  ������ ����- �#��0�  755/84± 10/07 aC mL 100/g  5/7  
� ��!" ����- �#��0�  1044/55± 26/95 aA mL 100/g  5/7  ���� ����- �#��0�  717/76± 20/55 aD mL 100/g  5/7  ��� !#��" ����- �#��0�  459/27± 3/03 bB mL 100/g  5/7  ������ ����- ���0!7  425/77± 7/08 bC mL 100/g  5/7  
� ��!" ����- ���0!7  bA 80/21 ±33/498  mL 100/g  5/7  ��� �����- ���0!7  418/59± 1/78 bC mL 100/g  5/7  �� !#��" �����- ���0!7  ���� �� *) 
��D 5;�'K�  ��a,b, …
%<	 
K.8� �L���� 2�.' �� ( �� 2: �y�%.	 $�� �� �.'��� ���� �� ��� ���� 
������ �� ��� ��� 
������.7'� �����P ���� �� ��� ����  �� ) m�=� 
��DA, B, …
%<	 
K.8� �L���� (.7'� �.'��� �� �����P ���W �� �� ���� $���� ��� ���   H: �� 
I'�.	 7�#KD ��34��25 ) ���� �+�� ���D16 
-�	 X�W 
-�	 �� �� �	� E��=4� �� 
#� (�.�#100 �� =�� 7�#KD 5�+�� O��� ���  E��=4� 
�+���.4��  ���D �� �670 -�	

-�	 �� X�W�.�# =�� 
	 �'� )Angeloni et al., 2019( �� ��34��  N�� 7C-n �V�.� �� . 
������ .7>�� ��C.�� �� ��� ����  �������� ���M	 �� 
��	�W  ��
-�	 b>D �� 7C-n 5��34�� �.�# �� X�W��� 5 ���.(��	 ��34�� 2�=� ���� �� ���	 ������ 2: �� �<� .�	: 7'�  �������+ 5���4 �>  � ��� �.-�4 ���1�� �� b���� ����  �<�  ���%.4�W. ���� ��� �� �� �� b  � �����P �.���� �.'��� [��/.'� E��=4� O�N� �� 
�� .�� ����(	 ���	 ���� �� ��34�� 
	 ���� 2��� P� ��(4R��  [��/.'� 
� ���� 71>
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	 E��=4� =�� �� 0�1���� [��/.'� �c�� ���� 57M�MD �� .��� �� =+ ���	� 
�������M1� ��(4 7"� ��� ����  ��
	  �%���� )Petracco, 2001( �� 71>� ���	 ���� �� ��34�� 2�=�	 2��� �.(�� . �����+ 
	 ��2��� ��� 71>� =�� H:  �	� �� H: 2=/	 �����V�: �� .  ���	 ��' ���� ��57'� �.>�  �D �� 
	 H:  �	� �������=4� 
���� E E��=4� ��� � ���� 5k��� �%)��  [��/.'� 2�=�	 �� 
�+�� O��� ��Z�� 7��� ����8 ��34�� )Albanese et al., 2009( . �.(�� ��34�� �� ) ���	 ����7 
-�	 �� X�W10 
-�	)  �>���4 ���� �� 71>� (�.�#5/5 
-�	 �� X�W10 
-�	) ��� �.-�4 ���� � (�.�#5/4 
-�	 X�W ��10 
-�	 0�M�M"� ���' �� (�.�#)Gloess et al., 2013(  ��� ����� =��  .7'� ���� �� 5����� &��=W ��MM"	 ���' �� ��I���� 5��%Y��H: � ���� ���� ���� 2�	� 5�����+  [��/.'� ������%� 7'� ���� �.1>� 
������ �� �.(�� ��34������ �%��	 
��� � ����8 ��� �.-�4 �� )Tfouni et al., 2014(. Angeloni ) 2������ �2019 ��34�� 2�=�	 ( ) ���	 ���� ��24/1 
-�	
-�	 �� X�W(�.�# ��  �1��M�3  ��34�� 2�=�	 ����� )  �>���4 ���� ��52/0 
-�	-�	 �� X�W
 ����� &��=W (�.�#)Angeloni et al., 2019( 
	 ����� �� �	 E��6� ]��.� ��)�W� .�%� � 0��G� 
#� ��1�  �>���4 ����� �' ���	 ��34�� 2�=�	 5�	 r�M"� �� �� &��=W ����%<	 
������ �� ��� �� ���M	)05/0<p .( E��6� �� �J�D5  ����"	 �� �.-�4 ���� �� ��34�� 2�=�	418  
#�717 
-�	 X�W  r�M"� ]��.� �� �� ��	: 7'�� �.�# ��Jeon ) 2������ �2017 �� ( ��� �.-�4 ���� $���� ��34�� 2�=�	 �� ������) �����  ��W576-460 
-�		 (�.�# �� X�W�� 7M��I7� )Jeon et al., 2017(.   �� 52�V%4 �� ��34�� ���M	 ��L���	 b>D �� E/� ��� ]��.� O��2 7'� ��� ���� 2�(� . ��34�� ���M	 �)�W� 7'� ��i �� X�N 
������ 
8�� ��
-�	 ���M	 �� �� �� X�W��	� 
#� 7'� ���� �.�# 
 
	 ���� 
'��� ���	 2�V%4 �� �� ���M	 �� Oc�D 
���G.	 ]��.� ���W  .�� ����85R�@	 2��%P ��  ����N�� (�.'��� � �����P) ���	 ���� �)�W�  ��L���	��� �� ��34�� 7C-n�2�V%4 �� 2�) 
#� � ;)��  ��60  
-�	
	 ��'  �.�# ����M	 ��%%� 
�?	 5����34�� ��  �.�� �� �  �� 71>�5��� �.-�4 �%��	 $���� ���'  .��� ����8 74����    3��2- C���) ����� ���� ����� �� /�."�� ����� /�T���� V������ ���� :1� >�� W��O7 P�$D" !� �1���� .(C"!6� P�$D" !� �� A!E ) ��� !#��" V
� ��!"150 C���) ���� V(!#�N60 C���(!#�N    ����
�� 
��$%  &�� ��Z�� �.�� 
'��� ��C%	 ����34�� 2�=�	 �� ���� ����  �� 5 ���� $���� � ��� ���� ����� �� ����  ��V�  ������ �� ��&��  �.��� ���� ���� R�?"	 b>)��  �� ���.  R��+ �� �� ��I����3 
	 ����(	��� ���� �� 5H: �� ���� 71>� 5��� ���� ��  �' �� N��<	 ����  ��V�  ������ �� 7'� ��i �� X�N .��1� 2�>�� A�8 �<� � �IP �� ��KP �� �%.>� �.'��� � �����P �� 
��-/	 ��34�� =�� � �.���'� 5X��� �%��	 
���c�?8 5�����P ���� �� Oc�D ���� �� �� �.(��52��	 ��� �� .�%%� ��	�� �.'��� �'�U'� $����  �6��� 
-�	) ��34�� ���M	 ��L���	 ���.(�� ��� ����.�# �� X�W ��8 �� �� (� �� ����� A�?.8�D �� ��34�� 2�=�	 ���.�� ��' �  ��4 ���� 5���#� .����� ����   $���� �� (
#�>U� $�� �� R�	�� 5���) �'�U'� ���� 52��	 ��� ��� ]�� �� ���� �� ���� ����
	 ��������� �� ��� �4�J� =�� 2: 2����4�� �� ��� 
	 ���)Albanese et al., 2009( ��34�� 2�=�	 E��6� ��� �� �Q# .2��� .74�W ���� �<#�I	 ���	 �'�U'� ���� �� 
G-./	 $���� �� ���
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 !2$�$�% "-  �'(1400  ���� 57'� �/(	�� �� ��34�� 2�=�	 ���.(�� 5��� $�� �� �'�U'� ��8 �C� �� �� ]��.� ��� .��� R�	�� �'�U'� ���� �� �.(�� �� ��� A�?.8��� ���� �.���� 7���	 �.4�W �� (���) �'�U'� ��#��  ��� �.4� ��� ��� �� �� ���� ���� ���M	 ��%Y�� � ��� �.'��� � �����P �� 
��-/	 ���D)7 (X�W7'� ��+�� O��� 5.     '	��3- ) /�."�� >R�S /�T����mg/L��T�	!" �� ����� 
��$% 
�����* 1� ��� ���% ���� ����� �� (��   /�."�� >R�S /�T����)mg/L(   �0 ���� >O �:K  ����
��$% 
��*  1371/38± 16/73 a mL 40/g  08/7  (��*) ��!&�� ����  696/66±15/17 e mL 40/g  5/7  '��!� ��!&��  1067/61± 12/69 c mL 40/g  01/6   '� &�1  927/67± 2/97 d mL 40/g  01/5   '� &�2  686/68± 2/79 e mL 40/g  01/5   '� &�3  1153/38± 1/52 b mL 40/g  13/6   '� &�4  1012/93± 17/73 c mL 40/g  19/5   '� &�5  626/42± 9/94 ef mL 40/g  71/5   '� &�6  544/73± 9/75 g mL 50/g  0/2  
��" ����  56/04± 6/47 h mL 240/g  0/8  �!� ����  * ) 
��D 5 ��V�  ����� ��a,b, …
%<	 
K.8� �L���� 2�.' �� (.7'� ���W ��� ���� $���� ��� ���     3��3- C���) 
��$% ���� ����� �� /�."�� �����P�$D" !� �� A!E  '� &� V'��!� V��* 1� ]7� ��!&�� :1� >�� W��O7 P�$D" !� �1���� .(C"!6� )40 C���) 
��" ���� V(!#�N50 C���) �!� ���� V(!#�N240 C���.(!#�N     ���M	  ��D �� ��� ��� ���� �����P $���� �� R�	�� �'�U'� ����).'��� �� 71>�  �.�� ��34���M	 5���(	 0�M�M"� �� .�%.>� � �� ��� R�>U� �� � ���� ���� �� ��� ���� �'�U'� ���� $���� �� ��34��40  
#�63 
-�	 7'� ��� &��=W 2�V%4 �� �� X�W)Gloess et al., 2013( .Albanese ) 2������ �2009 �� �� ����  ��D ��� �� (25 
-�	�� 2�V%4 �� ��34�� 2�=�	 � ����� [��/.'� H: �.�#�� p'�.	 � 9/2  �05/4 
-�	
-�	 �� X�W�� �.�#�� � �����P ����  ��� b���� �.'� �� �	: 7'�)Albanese et al., 2009( b���	 �� r�M"� ��� ]��.� .
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4 �$ 5���� ���6 
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� ;�<4 �8 ...   237 ) 7'� �	 E��6� �� Oc�D ����M	 �� �.(��37/1-62/0 
-�	 �� X�W 
-�	
	 �� (�.�#��� b���� =�� � ���� �� ���� 0��G.	 71>� �� �����  � r�M"� �� ���(	 ]��.� .��� ��+�� �	 E��6� �� (�.'��� � �����P)Angeloni ) 2������ �2019 7���� 7M��I	 �	 E��6� �� =�� ( ���� �'�U'� $���� ��34�� 2�=�	 ��  �"� ��L���	 ���15/4 
-�	 X�W 
-�	 ��� �.�#� .��� �.(�� �	 E��6� �� Oc�D ����M	 �� �� �	: 7'�  ��� ���� ���� �.(�� ���M	 
�?	 5r��I� X�P ��� O�N� �� 
�� ��� �� 
������ 2�V%4 ;� ����r�M"�  7'�)Angeloni et al., 2019(���Q	 r�M"� �� .  ���� 2�	�: ���	 =�� ��' ���� ����� ;� ) 2: ]��.� �� 74�W76/0 
-�	
-�	 �� X�WE��6� �� �.(�� =�� (�.�# ) �	23/0 
-�	
-�	 �� X�W $���� 5 �L�� r�M"� �� .�� &��=W (�.�# ����M	 � �%.4�W ���� =�#��: ���	  ��4 ����23  
#�71 
-�	 ��34�� X�W  2�V%4 �� ��100 -�	
 �� Oc�D �.�#)Jeon et al., 2019(  �� 
	 �	 E��6� �� Oc�D ]��.� ��%%���������� �%���� .����  ��  O�� �� E/� ��� ]��.� 5;�'K�3  ��34�� ���M	 ��L���	 b>D �� 74���� 2�=�	 ��  �.�� ���?� �� 7'� ��� &��=W =�� 2�V%4 �� ��
�?	 p'�� ��34�� $���� ���V�: �� .���QL� ���.8� �� �� 2�W�%%�  �� �'�U'�2�V%4 ;)��  ��40  ��50 
-�	
	 
�?	  �.�# 5���� �� E/� ��� ]��.� R��+ �� 5��34�� ���M	 ��L���	 b���� !�"#3  7C-n !�"# �� .7'� ��' ���� �+�� O��� ���	 .����  ���� 7��1�
-�	 �'�U'� $���� �� 
�+�� O��� ���>� 0��G� ��' ���� 5�.�# �� X�W) ����56 
-�	 �� X�W �� �>��M	 �� ��' ���� �� �.�#1371 
-�	 �� X�W 52�V%4 �� �� 
�?	 ���M	 �.4�W �C� �� �� 
#� 5(��� ���� �� �.�#
%<	  ��	: !�"# �� 0��G� �)�W� ���>� 
K.8� 2�=�	 
#� 57'� ��� 
	 E���) ����13 
-�	 �� �>��M	 �� ��' ���� �� 2�V%4 �� X�W56 
-�	�� 2�V%4 �� X�W .(��� ����    /�."�� ,�!-#�� !0 1!2� �	� !�^�% '�8 _��   O��4 5(,#�)  EM� ���G.'���  O��.���.'� RKD�� '� O��� 0�.  b����)A  �C  R��+ ��1 ���M	 �� �>��M	 �� ��34�� 
QD �� �� ( &�� p'�� �� b���� ��� 
<���R���.	  2�(� 57'� ��� �1'�"	 
	 ��Z�� 0�.'� O��� �� O��.���.'� 
%�=L��+ 5Oc�D ]��.� r1� .���) ���� 2�(� ��34�� 
QD �� 
�+�� O���05/0 ≥p �� RKD �� �� � (  ���-�P �1��M�� .����� �����8�� �%�	� ��� �� 
��>�R�D ��� �� 5 ]��.� �%<	 
K.8� �L����) ���05/0≤p &�� � ��Y� &�� 2��	 (R���.	 5��� �� .�� 
QD ��Y� &�� p'�� ��34�� �� 
�+�� O��� ���M	 ��  ��� �� Oc�D ����M	 5���G.'� ���	 RKD $�� �� ���4 �� ��� 2�(� ]��.� ��Y� &�� �� [��/.'� b���� ;�� ��A  �C ���D 520%  �� �.�� &�� �� Oc�D ����M	R���.	 ���  
����� �L���� ��&�� ��� D �� 
Q �34�� �+�� O����  �<#�I	 ���	 ����� ��.7'� �V�.� ��  �L��  ��W 
	������ 
�� �W� �� 7'� ��� 7��� �.4�� ��� �� 2��� ��W r���  O��� E/� ����) ��� ����/� 
1'�%	 &�� 5��Y� &�� 5���� ��34��Hi�+ HQ+ 2: �� 
�+��
	 
QD � ��� �����.   �� ���.>W ������ ��Y� &�� �� O��.���.'� �.�� �6��� �  �� 
1I� 0�1���� [��/.'� 5���� ���.>W ������G.'�  ��� 
4�� �� . �� ��� &���� 
��-I	 RKD 
4��W���	���  ��
	 ������: 5O��M	 �� . O��� 0�.'� �� 7'� 
#KD  [��/.'� 7�+ N��<	PAH ��) �� 
���W 2���' 0�1���������� ������ ( �  5�� ����� =�� K1� �� ��I�����{D �  =�#��: �� ��34��PAH��  ��V�� RK.8�
	 �%�)Sadowska-Rociek, Surma and Cieślik 2014(  �	� �� .25 5�+��  �� ��34�� 7�#KD %) 0�.'� O���5/2 /
���  �� 
���mg/mL 5/22%) H: �� �.(�� (2/2 /
���  7'� (
���)Vuon and Roach 2014(. ��
��� ����M	 !�"#/ 
�VD =��  H: �� ��34�� 7�#KDmg/mL 20  7'� ��� &��=W)Al- Maaieh and Flanagan 2002( . 5�V�.� ��  ��� ��34�� O���� �: �� �.(�� 
#: ��4 �� ��{D.7'� 
   p'�� 
���(	 ]��.�Sadowska-Rociek ) 2������ �2014 ( � .�� ����(	� [��/.'� ������PAH �V%	 0�.'� O��� ��  �) �� ���� ��34�� �� 
�+�� O��� E/� [��/.'� �� )Sadowska-Rociek, Surma and Cieślik 2014(�� . r�M"� �� ���(	 ���Shalmashi ) 2������ �2010 71>�  ��N�� ����� 0�.'� O��� �� ��34�� [��/.'� 5(  7��� H: ��)Shalmashi and Golmohammad 2010(.  7�#KD  .7'� H: �� �.(�� =�� O��.���.'� �� ��34��Yu ) 2������ �2010 5( �	� �� �� O��.���.'� �� ��34�� 7�#KD  25  5�+��R��<	              g/kg 1535/0  ����� &��=W)Yu, Chow and Tan 2010(  �� �� �� ) ��34�� 
#�	 2�� �.4�W �C�g/mol 2/194 O��.���.'� �.�>��� � ( )g/mL 786/0 R��<	 5(mg/mL 4/23 ���� .��� ����8  �� Sadowska-Rociek ) 2������ �20142�(� (  X�L%� �� �� ��� 7'� 
��	� �� �.(�� b���	 �� 
+��/.'� ��34�� 50�.'� O��� �� ���G.'�  �D �� =�� �	 ]��.� .��� ���G.'� RKD 2��%P �� O��.���.'� �� ��
	 ����� �� ���Q	 r�M"� ]��.� 0�.'� O��� �� Oc�D ��34�� ���M	 � �%�G� ��� 
#� ��� O��.���.'� �� �.(�� 
����	 �	 E��6� �� 0�� ����%< ��1� )05/0 ≥p
	 0��G.	 ]��.� ��� .(0��G� �� �����  �� ��34�� ��.4� p�"	��
� /H: RKD �� �� /H: �� �>��M	 �� O��.���.'� � O��� 0�.'��%�N: ���' =�#��: 
�� �� ������c�� 5�V�.� �� .��� ��+�� �� ��  O��.���.'� ������ 5���� ��Y� &��
	 ���%(�� .���       
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 !2$�$�% "-  �'(1400 (`N�  (:   3��4-  �	� �0 � 9��� �� /�."�� ,�!-#�� �� '�8 _�� (`N�'	��#� '��I� �9�* !0:;�� _�� (: 	 J9��� 
�� 
��PSA  	 C18 /�."�� ,�!-#�� ��  :;�� _��   5��C%	 ���  ��� Hi�+ �� 
�� ���G.'�PSA  b����)A  �C  ��  R��+1(  2�	=�� ������ ��%� ��PSA  �C18  b����)B  �D  ��  R��+1( ������ �� ��W  2�(� ]��.� .74�W ���� �<#�I	 ���	 ��34�����G.'� ���	 RKD $�� �� ���4 5���5  Hi�+ 2��=4�C18  ��34�� 
QD �� �� ����� ���� ��L���	 ���  ���D 2�=�	11%  E��=4����  O��)4 H( ��� . �� E��� �� �� RKD�<#�I	 ���	 %<	������ &��=W )05/0 ≤ p������ ��34�� 2�=�	 ��  �"� �� (;�� �� ���  ��W  O��.���.'� �  0�.'� O���X�L%� ��   �� Hi�+ �� 2�	=�� ���G.'�PSA  �C18 5 �� b���� ���D ��32  �29%  �� �.�������� ���M	�� �� ���  ��W& .��� ]���  Hi�+ �� ;�� 71>� 5��Y� &�� �� �� 7'� ��i �� X�N.��� Oc�D H�-I	 ]��.� �� ��� 7��P� ������ ���� RKD � �%P �� 2� 0�G#�' 5[��/.'� �-D�	 �� 5E��6� ��� �� R�@	  ��=�%	4  ����� ���-���>��� 7�>� �� � ��� ���'  0�G#�' 5 ��=�%	6 Hi�+ ����� �� .�� �.4�W �C� ��  �Q#E��=4� Hi�+ ���M	 ��RKD ���M	 �� �� ���v� 5�� �%���4 O� �� 7��� ����8 ����� �� �� [��/.'�.  ) �	�+ ��4 [��/.'� �.>�' 
K8 ��SPE(1��Y� &�� �� 5   ��� ���?P  ��>���  �	�+ ��4 [��/.'� ����%���� )dSPE(2 
	 ���G.'� ���   ��>��� 2: �� ��O8�� �� ���� R�-"	3 
	 0��c ��  ���� � ���W �.>�' $����2�.' 5�K8  ��  ��SPE  � 7>�� ������� E�� $���� � ���' �%���4 �V�.� ��
	 �� ���)Varela-Martínez et al., 2020( .                                                             1 Solid Phase Extraction (SPE) 2 Dispersive Solid Phase Extraction (dSPE)  Hi�+PSA 1� 
P�� ��%%� R��
����: ,�<J4  b���� ��� �� � 7'�
	 k�� ����'� ���' � H�)  ����'� 5���%� �� �� ���?P.�%�  �)�W� w�� 52: ��{D �������'�.�: �%��	 ��
	 
QD  �D �� =�� �� ���� )Kim et al., 2019(.  O��M	 ��C18 �� 7'� ;���4����� 
�i�+ 5
��) O@	 
1I���n 0�1���� 
QD  ���=W ��� 7'� 
1'�%	 �% )Sadowska-Rociek et al., 2014(. ���?P  ��� �c�?8 
���  
��) 
�N�� ����M	 �� ���� ���?P �%��	
	 5���� 
1'�%	 �%�=W �����  .����
	 Hi�+ �� ��� ��{D �V�.� �� ��  ���� �D �� �� ���?P ����� 
1I� 
1���� ��34�� �)�W� 52��	 ��� �� .�%� k�� �D�=	 0�1����
	 H�>"	���5 
	 R��.D� 5��+� ��� �� �� ���� E%������H�4��� ��� ���W��  .	�O 34���� ���W ���  n��1I�
 Hi�+��) ���6� �� C18(  �� �V%	 
QD �.(�� ��34����� ���?P �� � 2�	=�� ���G.'� � PSA  �C18 74: 
8�� =�#��:  ��� O��.���.'� ��{D ��E� �� �� ���� $���� 7�M4�	 0��c �� ���n � ��	 5�9���� 5���� 50�i �%��	 ��7'� ��� ���G.'�  =�	: )Galani et al., 2018( .  �L�� r�M"� �� ������ =�� 71@	 C18 �� �D�=	 0�1���� 
QD 7�+ Hi�+ ;� 2��%P ��'� 0�1Z� �� ���� �� 
)��� X��' =�#��:  ���)Reichert et al., 2018(.        3 Bulk solution 4 Weak anion exchanger 
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	 ������� ��   ��D 
.	K' A��8 �� ,-./	 0�1���� .7'� ��<.	 
���2��	 ��� �� 5 
	�� ��34�� �� 2�����	 2��%P�� ��� X�� ��+�	 
����� b���� ���� 
	 74�� ���� �� ���� ���M	 ��.���  ��34��  ��."	 �J�D r�M"� �� 18  ����.-�4 � ���	 5 �>���4 5�����+) ;�'K� $���� �� �P� ���� $�� �  ��4 5�'�U'� $����)  ��V� �� (�.'��� �� �����P ���� �� ��� ������ ]��.� � 74�W ���� 2�	�: ���	 (��' ���� �� �.�# �� 7C-n 0��c  �� 0��G� .�� &��=W 52�V%4 �� �� [��/.'� �� �V%	 5���� ���� ��"��� .�� 
���� 
������ O8�� �� ��34�� 0��G.	 ����M	� ��� 2�=�	 
- �� .��� ���.�� ��' ���� �� � ���.(�� (���) �'�U'� ���� �� ��34�� $���� 574�W ���� �<#�I	 ���	 2�V%4 �� �� ���M	 �� 
��	� R�D ��������+ ���� �c�?8 ;�'K�- .'��� ���M	 ���.(�� �)120 
-�	 X�W  ��150 
-�	 (�.�#�� �� O��M	 �� � ����� A�?.8� ��8'�U'� $���� �  ����"	 �� ��34�� �� 
I'�.	 ����M	25  
#�54 
-�	 �� X�W40 
-�	.����� ���� �� �.�#    5�L�� 
�� �� 5 �) �� ���� $���� �� ���� ���M	 �� ��34�� ��{D  ��%�N: =�#��:�� ��V�� RK.8� ����� ��+� �� ���M	 �� �� X��' � ��
	 �Q# .�%� ��Y� &�� 
c�?.8� �Z� E��6� ��� �� $�� 7�+ �� Hi�+ � RKD ��
QD �� ��� ���� ���?P �� ��34���.'  =�����%P 2� 5R�	 �.>�' ;� ���	  ]��.� .74�W ���� �<#�I	� ��Z�� �L���� �+�� O�� &�� ��� �� ��� ��34�� 
QD ��p���� ���.�� �� ��  �"� D) RK  Hi�+ 2�	=�� 
�?	 � O��.���.'�PSA  �C18( �� ��34�� 2�=�	 5 30%  �� RKD $�� �� ��� 2�(� RKD �Z� 
'��� .74�� E��� =��D ��� ��Z�� ��� 
#� ���� ��Z�� ��34�� 
QDO��.���.'� RK  O��� � �%<	 0�.'� O�� �� �� E��� 2�=�	 Hi�+ $�� 5��+� ��� �� .��1� ��� Hi�+ 2��� �4�J� ��  �"� �� ��� E��=4�  ����%<	C18 �%���4 5 .���� ���(� �� 
QD  p���� �� 7��� �C� �� ���� �)�W���� 
���� � �� 
QD �� �D�=	 0�1���� �� R�D ��P �� �� ���� H�/.��  �"�
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 Caffeine Determination in Various Types of Coffee Brews and Studying the Effect of QuECHERS Method on Its Extraction Compare to Conventional Approach   LATIN NAMES???????????????????????   Received: 2020.04.15 Accepted: 2020.05.16  Introduction: Coffee is the most important and popular beverage in the world. The main differences between coffee and other beverages like tea is the variety of applied brewing techniques. Coffee is a complex chemical mixture of compounds including, caffeine, as a natural alkaloid. Besides its beneficial effect including enhancement in mental activity and alertness as well as improving the cognitive functioning, caffeine indicated adverse effects such as headache and anxiety when it is consumed in higher quantity. In terms of chemical extraction, it can be also considered as an interference when analyzing other pollutants, therefore, its removal from extract is of great interest. Therefore, the present study was designated to investigate the caffeine content of 18 various coffee-related products. Furthermore, the effect of two extraction techniques (QuEChERS and conventional) on caffeine removal from coffee extract was investigated.  Materials and Methods: Coffee brews including classical (boiled, French, moka and filtered coffees) and commercial brews (various types of espresso as well as instant and iced coffees) were prepared using Robusta, Arabica coffee or commercial powders. In conventional extraction approach, a 2.5 mL of coffee sample was treated with 0.1 mL each of Carrez solutions I and II to clarify the sample. The total volume was brought to 50 mL by the addition of 10% methanol (v/v). After centrifugation, the supernatant was filtered and analyzed using high-performance liquid chromatography coupled with a diode array detector (HPLC-DAD) at 273 nm. In QuECHERS approach, the effect of extraction solvent (acetonitrile and ethyl acetate) and sorbents (primary and secondary amines and, octadecyl silane) on caffeine removal was investigated and was compared to conventional approach as reference method. The extraction and clean-up were accomplished by two types of solvents and sorbents in the presence of sodium chloride and magnesium sulfate. Finally, caffeine was determined using HPLC-DAD at 273 nm.  Results and Discussion: According to the results, the two coffee varieties (Arabica and Robusta) were clearly separated by their caffeine contents as Robusta presented higher values in all classical brews. Among the classical brewing techniques, the coffee with the highest content of caffeine was moka brewed from roasted Robusta coffee, with a mean value of 1044 ± 26 mg/L. The caffeine content was also determined per serving (cup size) to determine the actual content received by consumers. Accordingly, among traditional brews the most caffeine-rich coffee was espresso type pod coffee, with a mean value of 1371 ± 16 mg/L, equivalent to 56 ± 0.6 mg/40 mL of serving size. The lowest mean caffeine content (13.4 mg / 240 mL) was found in iced coffee. With regards to caffeine extraction, with recovery of 101%, the conventional method was the most efficient approach for caffeine determination. Caffeine significantly reduced (around 20% compare to conventional approach) when QuEChERS was used as extraction technique which could be valuable for analysis of pesticides, which are usually present in small quantities in food samples like coffee. In general, the use of acetonitrile as well as the simultaneous application of PSA and C18 resulted in a significant decrease in caffeine content of Robusta coffee extract. Here, different coffee brews were assessed and compared for their caffeine content (mg/mL and mg/serving). Technical differences like coffee varieties, coffee/water ratio or method of brewing (pressurized, fusion, filtering, etc) led to coffee brews with different caffeine profiles. Interestingly, despite the high concentration of caffeine in espresso types brews, they provided moderate coffee in terms of caffeine content per cup. On the other hand, classical methods in particular boiled, French and filtered Robusta coffee were rich in terms of caffeine per cup. When studying caffeine extraction, the efficiency of conventional method was significantly superior to QuEChERS approach as caffeine significantly reduced when QuEChERS was used as extraction method.   Keywords: Caffeine, Coffee, Arabica, Robusta, QuEChERS     ����� ����� 	�
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