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L�WD��	 �% �� (��:�,� �� ��	�5 +�i ��	�� �" LCD�� !� 78,   l�&*�]�1   �

5 +;!� �R,�U	 +��G.  

  
��	��  

���� �� ��� 	
�  
�/@Q �-� �� s@�o	 "�% |��� �� 0+, 1�����    �&I�! "�&%

[���� �� �� ��� ��ID �/@Q  "�%50  �100 �@�	   �&� !'�&	   1�&����
+,%�� !�*�� �� �R�D 0 +)�:; �@�	 !'�	 (    �&� ��� 4%�&� J&K��

     !� �&�RX� �&� +&� S�&� 78, � �I! � ���, <S�� �� ��� <(��G 3�
 �/@Q S�� 78, � �I! �� ��� �!�	50  �&@�	   �&� !'�&	   1�&����

+,��g	 1��:� 0  �/@Q �� �R�D "!��100 �@�	  !� � ���+D !'�	
��g	 1��:� ��D ���, �8� �!�	    �&/@Q L�&� "!��50  �&@�	   � !'�&	

 ���+D ���� +%��) l�+�1 .(  |��&� �&*%  �! "�&%   !� ��&2 �&I
 �/@Q100 �� !'�	 �@�	 +, 1�������g	 !�8� 0  �� ��I�� "!��50 

�@�	  +D��� �+�� 4%�� !'�	) l�+�1.(
(���  �&/@Q 4�C*%�� �� 3;�] "�%    �&� s&@�o	 "�&%   1�&����

l�`D�� �� ��� �� ��� � 0+, ��ID ���� "�% �� ��� L��I��  +;!�
 �C��DE�5 ��� !� (��G 3� �� ��� 4%��)39 /70  +&;!� (  F��&, �

)92/51 +;!� ( �/@Q !� �100 �@�	     L�&�*� � +&� (+%�&I	 !'�	
 ����� ��� !� 4%�� +;!�)54/31 +;!� ( !� ��RX� �� <+� (+%�I	

 �/@Q !� F��, � �C��DE�5 ���50 �@�	  +%�&I	 4%�� ��D !'�	 (
 +�)3C�1.(  

�/@Q 4�C*%�� �� s@�o	 "�% +, 1�����    �&8� �&� �&�� � 0
l�`D�� ���, ���� "�%  �/@Q �� ��� ��ID100 �@�	 �� !'�	  1�����

+,    �&�� �&*% !� �! ���&, �&8� 0   �&%      !�&� �&� �&���� ���y�&,� �&�
��g	  �&D�G �� <��� 4%�� +%�� �� ����	 !� "!��    �&/@Q !� �&� "�
100 �@�	 �	 ��� !� [���� �� ���, �8� !� 4%�� +;!� L��I�� !'

 �C��DE�5)38/38 +;!�( �	���� <)50/30  +&;!� (  F��&, �)92/25 
+;!� (   (+%�&I	 �&���� ��� !� 4%�� +;!� L��*� � +� (+%�I	

 +�) l�+�2.(  
  

 ����1- �� ��� �!	" �� #��$ %	&�� �	'��� �(��� �	
 ��)* �	
  

�!	" ��� �	
�(  
NaHCO3 (mM)

050100
 (��G 3� �� ���)V�G(  a†290/0±886/4  b070/0±668/3c238/0±710/2  

S�� �� ��� )V�G(  a 073/0±913/1  b050/0±436/1c094/0±100/1  
���, �� ��� )V�G( a 069/0±513/1b062/0±226/1c088/0±845/0
�I! �� ��� )V�G(  a 122/0±470/1b083 /0±002/1b082/0±773/0

 �8�)�@�	 ��	(  a 086/0±528/2a 073/0±297/2b 073/0±826/1
S�� 78,)��D�,���	 ��	( a 03/13±7/100b883/10±3/82b 439/9±5/72

 †�	 �!�+D��,� "�8� (+�%� ��ID  �:�	 � �Ry	 ����	 +���. L�WD��	 s�! �% !�  H !� �� ��%
�	 
��I	 ��] 8, !� <+���� 75 ��g	 1��:� LCD�� ��	�5 +;!� +D!�+D 0% �� "!��.  
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 +�"1 - �� ,&�.
�� �	'��� �/ 23� �� ��	* � #��$ %	&�� ��)* �	
 .B0 6B50  �B100 �� 7�/�/ �� 89�; �� ��<� �	 �� #��$ %	&��  �	

0 650  �100 ���� �� �=�� �&"	� .|��� "�8� ��g	 L�WD��	 !� ����	 "��*K D��,��!�+ �	 +���. ���, �%�	 
��I	 ���] "�!�� �� �  78, !� <+����5  +;!�

��g	 1��:� LCD�� ��	�5 +D!�+D 0% �� "!��.  
  

�/@Q 4�C*%�� �� 3;�] Z��D �� s@�o	 "�% +, 1����� � 0
l�`D�� S�� 78, �� ��� ���� "�%  �� ��� ��ID �� 1����� +,0 �� 

!�� 3��� `���� JK�� 4%��  8&,7  S�&� !� �� &�   "�&%  F��&, � 
�	���� +� �X� 4%�� !� 78,  S�&�  �&���� �  �&C��DE�5  �&�g	 !�� 

��RD. 4%�� !� 78, S�� �� ��� �	���� � F��,    �&/@Q !� �&�]
50 �@�	 (+%�I	 ��D !'�	  +�) 3C�2(.  

  
 �� 	��� �� ������  

(��� L�WD��	 ����	 � �� ��� ��ID �%�!�*  &��  1�&����  +&,0 !� 
�/@Q 100 �@�	  �R&�D !'�	  �&� 50  �&@�	  � !'�&	  +%�&�  �&�  !�&� 
��g	 !��" JK�� 4%�� "���U	 T5 �R�D S�� <+� �� "!�� �� !� 

�/@Q 100 �@�	 !'�	 L��I�� +;!� 4%�� !� "���U	 T5  �R&�D 
!� ��� �C��DE�5 (+%�I	 +%�� �� �R�D  +&�.    �&�] �&�� L&� !� !� 

�/@Q 50 �@�	!'�	 ��D ��4% (+%�I	  4%�� +;!� L��*� � +�
 ��� ����� ��� �� x���	)l�+� 3.( !� �!�	 u�D <��� L��I�� !�+�	 

"���U	 T5 �R�D !� ��� <F��, �����    �&� +&� (+%�I	 �	���� �

 �&�g	 1��:� �� "!��     � +��&��+D �W+&C �&� "!�� �&�*�L  !�+&�	 
���U	" R�D�  !� T5 S�&� �� &� �DE�5� �&C  +%�&I	(  +&�  �&�  1��&:� 

�g	� !��" �� �, ��� ��W ����.   
  

 �� ����� �����  
Z��D 0%�� 4�� �� 1����� +,0 � ��� �� "���U	  L�X��&�  S�&� 

!� l�+� 4 �b�!� (+� �,� .�� \�,� Z��D �� �,� <(+	5 �/@Q 100 
�@�	 �� !'�	 �� 0+, 1����� !�� 3��� �`��� JK�� 4��2� L�X��� 

!� ���  �&����  �R&�D  �&�  �&/@Q 50  �&@�	  � !'�&	  +%�&� ) �:&; 
�@�	 !'�	 (+� . �/@Q !� ��D �	���� 0�! !�100 �@�	  �� �R�D !'�	

50    <+&� (+%�&I	 L�X��&� !�+�	 !� 4��2� !'�	 �@�	  �&	� !�  ��&, 
��� �% ��2�4 3��� `���� (+%�I	 +ID .!� L�� ��� <�% ����IL !�+�	 
X����L x���	 �� ����� ��� ��g	 1��:� �� ��� ��, �� "!�� ���� �% 

� ��*�L !�+�	 D�� x���	 �� ��� �DE�5��C ���.  

 ����2- �� ,&�.
��  �?	$ �@? �� ��	* � #��$ %	&��)������� (�	'��� �� ��)* �	


��	*  
NaHCO3 (mM)  

050100  
����� †a 178/0±637/2  ab 116/0±313/2abc 103/0±193/2
F��,  a 014/0±403/2abc 026/0±140/2cd 138/0±780/1
�	����  a 338/0±590/2ab 077/0±303/2bcd 152/0±800/1  

�C��DE�5 a 041/0±  438/2a 277/0±433/2de 066/0±532/1
†�	 �!�+D��,� "�8� (+�%� ��ID  �:�	 � �Ry	 ����	 +���. L�WD��	 s�! �% !� �% �� �

�	 
��I	 ��] H !�  78, !� <+����5 +;!���g	 1��:� LCD�� ��	�5 +D!�+D 0% �� "!��.  
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 +�"2 - �� ,&�.
�� �	'��� C�� D@$ �� ��	* � #��$ %	&�� ��)* �	
 .B0 6B50  �B100 �� 7�/�/ ��  �� ��<� �	 �� #��$ %	&��

89�;  �	
0 650  �100 ���� �� �=�� �&"	� .|��� K"�8� ��g	 L�WD��	 !� ����	 "��* �!�+D��,� �	 +���. ���, �%�	 
��I	 ���] "�!�� �� �  !� <+����
 78,5 ��g	 1��:� LCD�� ��	�5 +;!� +D!�+D 0% �� "!��.  

  
���� 3- �� ,&�.
��  C�� �F)� GH ����I� �� ��	* � #��$ %	&��)�J�� (�	'��� �� ��)* �	
  

��	*  
NaHCO3 (mM)

0  50100  K�L�	��
�����ab†48/2±20/74ab00/5±30/74cd41/1±50/61A57/2±00/70
F��,a21/1±50/78abc48/4±90/68bcd85/1±60/62A53/٠٠/٧٠±٢
�	����abc27/3±00/71ab53/5±00/74d57/0±80/54A74/3±60/66

�C��DE�5abc16/5±50/72d96/0±50/53e53/6±70/41B12/5±00/56
  †�	 �!�+D��,� "�8� (+�%� ��ID �:�	 � �Ry	 ����	 +���. L�WD��	 s�! �% !�  H !� �� ��%

�	 
��I	 ��]  78, !� <+����5��g	 1��:� LCD�� ��	�5 +D!�+D 0% �� "!��.  
  

����4- ,&�.
�� 89�; 	
� N��O� �� %	&�� �$�# � 	*�� �� ���I� P��*K� )����� Q�R �� Q�R 23� �3	/ (C�� �	'��� �� �	
��)*  

��	*  NaHCO3 (mM)
0 50100  K�L�	��

�����bcd†53/10±5/89b 71/11±3/111a 52/10±3/153  A92/10±2/118  
F��,cd 06/4±5/75bcd 87/5±0/79bcd 82/3±7/80  B58/4±4/78
�	����bc 43/5±4/108d 01/8±5/70b 99/8±6/110aB54/7±4/96

E�5�C��Dd 69/4±3/58d 37/9±1/74bcd 38/0±7/80C49/4±1/71
† �	 �!�+D��,� "�8� (+�%� ��ID  �:�	 � �Ry	 ����	 +���. L�WD��	 s�! �% !�  H !� �� ��%

�	 
��I	 ��]  78, !� <+����1��g	 1��:� LCD�� ��	�5 +D!�+D 0% �� "!��.  

 ����� � !� "��# $%&'  
 \�,� �� (��� L�WD�&�	 ����	 �� x���	 Z��D   �&/@Q <�&%   "�&%

�� s@�o	  !� ��W�	 � F	 �;��K �/@Q 4%�� [R, 0+, 1�����
l�`D�� �I! � ���, <S��   �&D�G �&� +��G ���� "�%    �&/@Q �&� "�

100 �@�	 �� !'�	   �&�g	 !�&� �� 0+, 1�����    4%�&� [R&, "!��
 &&� �&&� �R&&�D �&&I! � S�&&� !� �&&�W�	 � F&&	 �&&/@Q +%�)�:&&; 

�@�	 !'�	 (��g	 1��:� �X� +�   �&/@Q L�� "!��50  �&@�	   � !'�&	

+ID �2� F	 �!�	 !� +%�� . �&�g	 1��:� ��W�	 �!�	 !�   L�&� "!��
 �/@Q50  �100 �@�	 +ID �2� !'�	 .�� !�*��   J&K�� 0+, 1�����

    ���&, F&	 �&/@Q �� "��-d� �X� +� ���, !� ��W�	 �/@Q 4%��
l�`D�� � "�% ���+D ���) l�+�5 .(  

�/@Q 4�C*%�� �� 3;�] Z��D �� s@�o	 "�%  � 0+, 1�����
 �&� �� ��� ��ID �I! F	 ����	 �� ���     �&/@Q !� 0+&, 1�&����

100 �@�	  �&��  �	�*� �I! !� F	 �/@Q 4%�� [R, !'�	   "�&%
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�D�G �� <+��G ����    �&�� !� [&���� �� 4%�� +;!� L��I�� �� "�
��DE�5      ���&�	 �&� [&���� �&� F��&, � �	���� <�C26/26 <40/24  �

01/24      �&�� �&� x�&��	 4%�&� +;!� L��*� � +� (+%�I	 +;!�
 �����)08/10 +;!� (��� . �/@Q !� �C��DE�5 ��� !�50 �@�	  !'�	

 +� (+%�I	 4%�� ��D) 3C�6.(  
�/@Q 4�C*%�� Z��D �� s@�o	 "�% +, 1�����    �&� �&�� � 0&

��	l�`D�� S�� ��W�	 ��  ��&�� "�%    L��&I�� �&� ��� ��&ID  +&;!� 
4%�� ����	  S�� ��W�	 !� �/@Q 100 �@�	 �� !'�	  0+, 1�����

!� ��� �C��DE�5 �� [���� �� �	���� F�, �  ���&�	 52/60  �31/39 
+;!� � L��*� +;!� 4%�� x���	 �� ��� �����  ��&� .!�  �&/@Q 

50 �@�	 ��D !'�	 ��4% !� ����	 ��W�	 !� �, ���  �	���� <�C��DE�5 
� F��, (+%�I	  +�) 3C�7.(  

  
SI�  

 ��b��@� � "!�� 4��4�� �@*� ��    �&� �&� +���% �8�U	 "�%
�	 ��-d� (��G +�! +D!�_G .!�
�� �%" !�&�� +&,�* �&`D����� <"

;��@	�� 3Na+ <Ca2+ <Mg2+ <K+ ���D5 �  3	�&� �%HCO3
-<Cl- <

CO3
2-  �NO3

- �	  +����)32 .(L��� �%V�2 �%"H*D �%" �&y��
��b��@�+���%���D�G �"��JK��4��!��"���b��@��	 +D��.

 �&� !�&�� �&@ H&*D  �&%"  �b�&�@�) NaHCO3 �Na2CO3(   1��&-�
T�o	 H*D �� �R�D "�� �%"��  �&y)Na2SO4 � NaCl(    (�&�G �&�
 +D!��)44( .b��@� 4�� 1��-��� ��R�   �2�&f� 1��-� �� �	� "!�� 4��

#�,� (��*% '�� $�%.  
  

 ����5- �� ��� �$ %	&�� T&L&� � U� 89�; �� #�)����V(! 23� Q�R��� �� Q�R (�	'��� �(�� � �?	$ 6C�� �� ��)* �	


�J	&W  NaHCO3 (mM)

0  50100  
F	  S��  a†67/0±09/13 ab 55/0±55/12  b 62/0±56/11  

  ���,  a 24/0±70/5a 26/0±800/5a 26/0±61/5  
 �I! a 36/1±98/27a 24/1±90/26  b 66/1±10/22  

��W�	  S��  a 36/1±10/35b 30/1±14/24b 44/0±62/23  
  ���,  a 30/4±57/29b 02/2±65/16  b 13/2±57/14  
  �I!  a 50/1±84/59b 02/1±10/39  b 06/2±70/36

† 8� (+�%� ��ID  �:�	 � �Ry	 ����	�	 �!�+D��,� "� +���.  s�! �% !�
L�WD��	 �	 
��I	 ��] H !� �� ��%  78, !� <+����1 LCD�� ��	�5

��g	 1��:� +D!�+D 0% �� "!��.  
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 +�"6 - �� ,&�.
�� �	'��� �(�� �� U� 89�; �� ��	* � #��$ %	&�� ��)* �	
 .B0 6B50  �B100 �� 7�/�/ �� �<� �	 �� #��$ %	&�� �� �
89�;  �	
0 650  �100 ���� �� �=�� �"	� .|��� ��g	 L�WD��	 !� ����	 "��*K "�8� �!�+D��,� �	 +���. ���, �	 
��I	 ���] "�!�� �� ��%  !� <+����

 78,5 +;!� ��g	 1��:� LCD�� ��	�5 +D!�+D 0% �� "!��.  
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 +�"7 - �� ,&�.
��  89�; �� ��	* � #��$ %	&�� �� T&L&�C�� �	'��� ��)* �	
.  B0 6B50  �B100 �� 7�/�/ ��  ��<� �	 �� #��$ %	&��

89�; ��  �	
0 650  �100 ���� �� �=�� �&"	�.  |�����g	 L�WD��	 !� ����	 "��*K �	 �!�+D��,� "�8� +��� .���, �	 
��I	 ���] "�!�� �� ��%  !� <+����
 78,5 +;!� ��g	 1��:� LCD�� ��	�5 "!�� +D!�+D 0% ��.  

  
       �&� �&`�� �&D �&�b��@� 4�&� �&� �@���	 "��� (��G ��D��� L������
 <�!�� �W��� �� ��*, � T5 ��R*� 4�� �� �R@Q "��� (��G ��D���

# �� �5 �	���	 �� L��Y*% �C@�    �!�� �W�&�� �&�D '�&� $�%)48.( 
�� �/@Q 4��2� �U� +�! 4%��  1�����)  �&�b��@� 4�&� (  �&,��

`X5  ��!�&C*% � "��+�)11(   ��!�&C*% � "!�&�� <)31(  � "��&*U	 <
 ��!�C*%)35( �X!��!�G � 3b�2�! <)42(<   �	!�&� � +*]�)7 (  � '�&� �
 ��!�C*%)22 (�,� (+� $!��G .��!���@�[@Q�1��-���b��@���
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