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      �;.�<. �1 =	>1 � �1�* ����� ����         0?*. ��� (@.�. A��* ��<��	>�
 -.#	, ��	 . C?	D"' 

  �?
 ��?	EF, �DG �D&D, C	"H'   ?! I>.�?J�  (?
 ��?K
�, -1  L��?DF, 5��Multivariate Curve 

Resolution-Alternative Least Squares(MCR-ALS)5�� ;. �"�  �� 2*�7 C	"H' �1 M�.�F, �

   N��O, �1 (<� �DG  ��    0*. P"��F,��! �1 (FQ�D��< � .         R��S, P"��F,��!(  .   ��)"� ;. �

               (?T�R �1 (?<��.� � ��?,� ���	� ;. �1�HF*. �
 (! 0*. ���	�	� �R.�>    �?�      �	)?H' � �
�?�;�. �

 (D	�
 ���RUV.     �D�.�� �;�)W�, � -1�!  ��  ,;� �         ���	�	?� ��?RUV. �X!.�J Y.�OF*. � �����

 �1.1 ;.   ��     �, C�! �, (
 �
�S' �   �?D! .  Z?�. �1     5�� ��?!MCR-ALS     �1.1 #	W�?<� �.�?
     �?� �

��F,�F���F"$*. UV-Vis     D�	7 �
� M��&, �1 [�;.�D
��! ��  0*. ��� 1 .     1�?S�. 5�� Z�. (S	F<

  I�����7 P��'�, �1    ��   I�����7 � �F\�] �  ��   ̂ W�?Q �H	V �           �1 1�?��, �.#?�. ;. C?� �?� 

�, N��O, ���
.  

    C	D"' (��� ;. C	D"' Z�.  ��            �1��; ��RUV. (
 ;�	< -��
 0*. �1�> (! 0*. A�< M�, �

    I�����7 ��*��
 1��, [F)	* ;.  ��     1��?, �H	V � �F\�] �          Y.�OF?*. �1.1 P��'�?, ;. .� �?\<
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��! [* ��<��	>�
    0\�] �
 ��	Q   ���         ��?_
 (?! [�;.�D
��! [* ;. `�FO, 

   �;.�<. ��<�� �1�W� �R�Da,   �� ��	 .             �-�)?"� b�.�?� 0?&' �5�� ���?<.�' -�?	
 ��\D, (


(<��< �
 ��! �.�
 �;�*HPLC �� A�S<.  .;. ��,� 0*�
 c��F<HPLC  5�� ���?<.�'   1��D�?	7 �

�, -��< .� -� �1�* []�	�R ��1.  

����   � ����� �:   G �D&D, C	"H'         ?! I>.�?J �?
 ��?	EF, �?D�    (?
 ��?K
�, -1   L��?DF, 5��  

(MCR-ALS)     �[�;.�?D
��! �[?* ��<��	>�
 �  dHD
.�?�e           ��.��?! �?
 f��?, ��.��'�?,��! ��?@�, 

g�
(HPLC) . 
Abstract 

A new, simple and accurate method is used for measuring pesticides residue. 

Multivariate Curve Resolution- Alternating Least Squares (MCR-ALS) has become a popular 

chemometric method used for the resolution of multiple component responses in unknown 

unresolved mixtures. 

The chemical discipline that uses mathematical and statistical methods to design or 

select optimal procedures and experiments and to provide maximum chemical information by 

analyzing chemical data. 

In this research, MCR-ALS method is proposed for spectrophotometric UV-Vis data 

analysis of carbendazim in aqueous solution. This method decomposes the composite signal 

in a data matrix into the product of concentration profiles and spectra of each pure species 

contributing to mixture signal. Soft modeling MCR-ALS is a much more analytical way to 

model experimental data using only very weak and soft assumptions.  

Pesticide residue of carbendazim in cucumber with different concentrations was 

measured. To show the ability of MCR-ALS, same samples were analyzed by HPLC. Results 

showed the ability of proposed method as compared with HPLC. 

Key words: MCR-ALS, Carbendazim, HPLC, pesticide residue 
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 1��&, IJ.�,      �, ��RUV. I	l> Z�. ��DD!  ���
 .       ��jF?*1 f��* I,�"' � ��� �
 Z	Dh��   �?� �

          �	W�' ��RUV. ;. �K	*� [SJ �;�� (�� ��	� �1 �1�HF*. 1��, �,  1�� .   �1.1 ;. �.�%, Z�.   �� 

  5�� (
 Y�	FJ.  ��      k�H?� d���< ��F�	
 d��! 0�� ��      .�OF?*. � �?'      .� �'�?	H, ��?RUV. Y

0*. �1.1 d�.#�.(Vandeginste, 1987) .  

    5�� f��* 0���	7 �
 -�,#��  ��           �?�� #?	< (<��.� �m�W�D"' � A��R ����jF*1 (�#S' �

       ��	)
 ��.#
. ���a
 � (F�.1 �<.�.��           �.�?> �1�HF*. 1��, �U"�, ;. ���	)
 IJ 0�� ��> 

     ��	� �;��,. � (F��     �F�	
 0W��* �
 -�<.1    5�� � (<��.� ;. �  ��       �?n��� � ���?,� (F���	7 �

 (D	,; �1   ��   �, �1�HF*. `�FO, �  �DD! .   �
U%<. 0���	7 �1 Z�.    �SD,      1�S�. (
    �1 ����� (Q��  

0*. ��� P"��F,��! A�< (
 ��	� .  

�1.1 #	W�<� 0�� ��! Z�. �1 ��� �1�
 ��"
 P"��F,��! 5�� �1 o��  ��0*. ��,� :  

  
 ����� ��	��    � ����� � ������ ���  �� �!��� "#  $���� %�& (MCR-ALS):   Z?�.

    C	D"' (��� ;. (! C	D"'  ���   0*. A�< M�, (!            ;. 1�?�; ��?RUV. (?
 ;�?	< -��?
 0*. �1�> 

   I�����7 ��*��
 1��, [F)	*  �� �F\�] � C     �?H	V � S  1��?,           -��?	
 �1.1 P��'�?, ;. .� ;�?	<

��??"
.  �1.1 P��'�??,D??, �1 L�p??�T�J ;. I??�����7 I,�??� (??! P��'� �??� �??F\�] �C � 

I�����7  ��   �H	V �S                   �1 Z?�. -1��� 0?*�
 5�� Z?�. ;. k�?� � 0?*. ��� IT�J �0*. 

 �1.1 P��'�, ;. P��'�,D0*.  (Vives et al., 1999; Tauler & Smidle, 1994).   

ESCECSD T**T +=+=   
     i�'.q ��1.1 P��'�, C� �n��� C	"H'    flD, r�< �1 �
   
. 1�S�. ��         sl?* (?! 0?*. ��?
�� A

�, '�, 0H� �1��; 1.�K' �<���P� C*�S*  �1.1 P��'�, C	"H' ;.D    (?! �?�� 1�?��
 C�  S 

Y�; 1��; 1.�K' Z�. ;. ���
 .6W ��DF)	< �\<�,  ��� C*�S* � -.�F
  C �S1�! .�� .� �K>.� . 


. Z�.��;. �D'��lR ��,:  

'( ��� �)*�
 +:   Z�. A��
.  ��	Q�G ;.   P��'�, -��    ��  �C   � S      I��?l' P��'�?, b*�' 

T�, 1�S�.  �_Q s	!�' -��� (! 1�� P��'�,  �� �C � S0*. .       

STS,CTCSCSCTTD 1T**T**1 −− ==⇒==   
  Z�.A��
.   �.1�
 1�S�. sl*   ��  I"� �
 ��   ��   0W�J ;. ���HF, ��  ��     �?, ��?\F<. 1��, �   1�?�
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 Z�. ^	O�' �.6WA��
.0*. �F<�*� .  

,( +��� ���- :   Z�. A��
.   L�n �t. �1     �W�"*. C� -�� �1 , �'�P�  ��  �, 1���
   �?�� . �1

   Z�. (S	F<A��
.   �.1�
 0*. Z"�, �  ��  I"� �
 ��   �� %	>1 ��i�    0?W�J �
 -�)"�    �?�  ��?, �  1  ��?\F<.

1�S�.     �.1�
 ("D�. -��
 1��  ��  �D��
 �K>.� ��     Z�. ^	O�' .6WA��
.  �u �
 �.   �.��� ��F�	
 0�

0*..  

 �	7 �.�
    D�. -�,� 1���
 ;. ��	j  (<�j,��
.        ��1.1 P��'�?, C	"H' `�FO, IJ.�, �1 ���

0�1��&, ���, M��R. �� 1�� -� ;. �Q�
 (! ��;. �D'��lR :  

'(  "#./0 ����:              � 1�.�< �DK, �HD, 0\�] (! 0*. 0	K>.� Z�. v�*. �
 0�1��&, Z�. 

    ��DXF*. (
 #	< �HD, L6�  C	D"' �Q�
    ��  0*. A��H,�<  .�D
          �?� �H?T (?
 .� �HD, ��1�%, Z�.�


�, I��l' �HT ;. �F#
 �D!.  

,(  "#.� ��1�:    [F)	* �1 0�1��&, Z�.    ��            M�?�R. A�?� (?<;.�, -�<�?> v�*. �
 (F)
 �

�,    -� �1 (! 1��  ��  0\�] r��S,   ��  (<� (�� �   ��          �.�?%, (?�J�, �� �1 dD!.� �1 1���, �

0*. �F
�t.  

M��K,     �.��. [	'��jW. Z��'	D"'  C   ��	EF, �DG �D&D, C	"H'  �1�HF?*.     5�� ;.  I>.�?J 

 -1�!L��DF, 5�� (
 ��K
�,  (MCR-ALS)0*. ��; ��! IJ.�, I,�� (! 0*. :  

�e (<� 1.�K' ^	O�'  ���1.1 P��'�, �1 1���, �  

we   (	W�. Z	�O' (l*�&, :   �, (	W�. Z	�O' Z�.               �?X!. �1 (?! �?��
 `?	V �?� 0?\�] �<.�'

��! ��� ��� A�S<. � ��,�"' ���F!�� #	W�<� ;. � �1�
 0\�] (	W�. Z	�O' EFA�, 0*�
  ���.  

�e (l*�&, '�,�`	V P�-� ��� 0�1��&, M��R. �  S=DC+    

xe'�, (l*�&, � P� -� ��� 0�1��&, M��R. � 0\�]C=DS+   

ye     (�J�, (
 0�;�
�      ("	<�,; �' ��K
 IJ.�, �.�"' �   �V �1   �.�"' �D�.��   [F)?	*    (?
 

�.�j�� �*�
 � .0�1��&,  ��       �1��; �J �' ���� ����. �A��
.    P��'�, dQ�G ;. IT�J   ��  .� 

�, d��! �D�1.  

  ���	� �&.��2 3�405 )EFA(:     [F)	* �1 ��,�"' ���F!�� #	W�<�   ��     �?%_D, ��<�� (! ��

 -� �1  ��       �?, ��?"
 1�.1 1�?��  1�� .     [F)?	* M�?X, �.�?
    �?�     ���F,�'����F"$?*. -�	?*.�F	' �
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dD!.�   ��  �FD	*	�" �    Z�. (��� ;. ��.��'�,��!  ��   �, (! �DF)�       N�?
�, �K>.� �.�		E' -.�'

 ̀ �1� (
  ��    [F)	* Z�. �1.1 P��'�, �   ��     ��,�"' ���F!�� #	W�<� ;. �1�HF*. �
 .� )EFA( 0�R (
 �

-� �1 1���, �%_D, �<�� ���	�! -��	
 .  

     <� #	W�<� v�*. �
 5�� Z�.C     �� ;. �K
�' -.�DR (
  ̀ �1� ���  ��   0?*. P��'�, � .  #	W�?<�

<�C       1�HD, �.�%, C	"H' 5�� (�	*�
 (SVD)      0?W�J �1 �1 »     �?�� 0�?* (?
 «  �»    0�?* (?


s%R « �, ���T                  ��,�?"' �?	EF, ;. �K
�?' -.�DR (
 (�J�, �1 Z�. �z�� ��1�%, [F���jW � 1�	

 �, [*� �<�� .   �, s	'�' Z�. (
         �� 0�* (
 �1.1 P��'�, ��� 0!�J �
 -.�' 1���
 ��    -�?,�

(<�   ��             (<� ZF�� Z	
 ;. �s%R 0�* (
 �1.1 P��'�, ��� 0!�J �
 �    ��   1.1 ^	O�' .�  . �1

    �, ��,�"' ���F!�� #	W�<� (S	F<      (<� 1.�K' ^	O�' �
 ��UR �<.�'   ��      M.�; � ��?�u ���T. �

-� ���1 -��< #	< .� � (Maeder & Zuberbuehler, 1986).  ��?%	%&' �
 ����,    �1 (?F�� A�?S<.

�;.�<.     {��> ��<��	>�
 -.#	, ��	     �, -��< [�;.�D
��! d!    M��K, (! ��1  5�� Z��'  ��   �1�HF?*. 

 ;.HPLC ;�*��"�� �
 MS �� P<�*���� �UV�,  ���
 .  ��jF?*1 �
 ��!HPLC     1�?�; 0?�R (?
 

  �	EF, 1.�K' -1�
  ��  �F,.��7 �   ��         .1 ^aO' � (
�S' (
 ;�	< �;�*.�� �
 �t+, �  MU?J 1�   �?� �

         �#?S' |��Q ;. ���
 ��jF*1 Z�. �1 �1�HF*. 1��,   �?�           (?��1 ;. � �1�?
 �.1��?Q�
 ��g�?
 �

  |��QHPLC       ;� ("D�. I	W1 (
 ���V ;. ����
   ��            � -z	)?!. s?�]. (?! MUJ �1 ��� IJ �

 �, -m��F	<         [F)	* � -�F* �1 L�lJ I	"�' �
 ���
   ��         � �.�?< �1�F)? }?R�
 ;�*��"�� �

  1�S�.    �, ;�*��"�� 1�"��R �1 IQ.�'                  �<�?� �?�.1; .�?� -�F?* (?
 1��� ;. I?l> ���
 �<��

          � ~�&F, ;�� ��� ����� �Z!�* � ~�&F, ;�� 0	��, Z	Dh�� ... �?	EF, (��� ;.  �?�  �DF)?� ��

                   ��?! �1 ��'.�7. (
�S' (
 ;�	< 1�Q Z�. (! �<�� (D	�
 ��;�*.�� 1�S�. �.�
 ��jF*1 �1 ���
 (!

     � ��jF?*1 �
     �F,.��?7 M�?FD! ��?&<   �?� 1�.1  .         ��?D! �1 ��?! Z?�. �1HPLC      ��jF?*1 ;. �1�HF?*. 

  �F,�F���F"$*.UV/Vis               �1�?* ��	)?
 ��jF?*1 Z?�. �?
 ��?! 0*. ��� (	T�'       f?�� � �?'   ����

f��* ��RUV. �, �' 0*. v�F*1 �1 �F�	
 ���jF*1 Z�. -1�
 -.;�. 0�R (
 ��UR (
 ���
.  

      5�� ;. �1�HF*. �
 .6W  	71��D�       (?D�#� �.�?%, ("D�. �
 ��UR �    �?�      �?, d��?! ��	)?
     �?
��

�, [�.�� [! -�,; ��, �1 =	>1 c��F< (
 �
�	F*1 1��.  

            �.#?
. ��?D! �1 5�� Z?�. �?
 ���D?�� ����n   �?�      �?D<�, ��?D�'��> �HPLC    ���?� �1 
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v�)&,           A�< �� ��jF*1 �1 �a%< 1��� 0�R (
 (! 0*. �'  MU?J 1�l< �� �.#�.  �?� �1 �?
 �  (?�

 |��QHPLC(�  0�	> -� ��0*g�
 ��;.�<. -�",.  ��< [�.�� A��* ��	 ���
.  

               �F,�F���F"$?*. ��jF?*1 (?
 1��&, ��� (@.�. 5�� 0*. �!q (
 A;gUV/Vis      �?� [?* � 

  ��< �T�Q M�a&,  ���
�       ���, M�V (	J�< �1 iUX, UV-Vis       �1 L6� �.�.1 (! �,��* (�� 

     (! 0*. ����
 ��DF)� (	J�< Z�.               1�?�� ���?, M�?V �J.�?< �j�1 (
 5�� Z�. b)
 -�",. 

1�.1.  

 [F)	* �1   ��              �?��
 1�?��, �H	V ���� �<���$�� �
 (FQ�D��< s	!�' �DG (! �W��S, �

1�� �'1��&, 5�� ���<.�' 0*. Z"�,.  

 
�8&�� %�&  

 r�??< ;. �??�W. Z	!�??7 �F,�F���F"$??*. ��jF??*1 ;. �1�HF??*. �??
Lambda 25 �
6??� `??	V �

HD
�.���,de   �,� 0*�
 �@�, .           �	)?, M�V �
 �#'�.�! PD� ;. ��� �1�HF*. I*�  �F<�?*    �?F,

1�??
 . L���??� 0R�??*nm/min �x� k�"??� ��??D�7 �nm� Z	??
 ���??, M�??V �1��??&, �   

nm ��� e���   ̀ 	V ��� d��7         ���, M�V IT.�� �
 ��	nm�  0�� ���T  .`	V   �?�   �?
 

A�<  �.#�.Lambda 25�<�� ����1� .  

�;.�<. ��	 �� �pH ��jF*1 �
 CONSORT C830  (?! 0�� A�S<. �l	!�' (�	� 1��F"W. � 

 -1.1 -��< (
 �1�>pH1�
 ���R. [>� �1 �'  .`	V ��,1 1�
 b	&, ��,1 �
 �
.�
 � 0
�t ��	 .  

       �.#�. A�< ;. 5�� Z�. �1MCR-ALS        M�* �1 �W�' �,�� b*�' (! ����   ���a
 m-file �.

 A�< (
als 99 ���� (F��< �1.1 I	�&' 0��  ���� �1�HF*.  .A�< Z�.  M�* �1 �.#�.����  I"?� (
 

��F<�*� ��
��! (user friendly)�,� �1 (Jaumot et al., 2005) �1.1 I	�&' �1 �   ��   ;. ��?! Z?�. �

 �1 (! �.#�. A�< Z�.MATLAB 6.5�� �1�HF*. �0*. .��. I
�> .  

 < 5;.1�7 �?� �1.1 ��    �?�   �1 Excel    0?�� ���?T  .     0?\�] (?	�' �.�?
   �?�    ;. �\<1��?, �

     �1�, M��&, [�;.�D
��! 1�.�<�F*.ppm���  �� (	�'  .          � L� A�?�J C?�! (
 .�F
. �\<1��, �1�,

  �	?*� [?SJ (
 �_%, L� �
 P$* � �� IJ L� ��! �.�%, �1 C	<�*.�FW�..    � [	?\D' �.�?


 �		E'pH�	*. C���!���	� ;. (HCl) �	)!���	� [��* � �	�] (NaOH) �] �� �1�HF*. �	.  
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 ��

         �
 � ~�, 0!�� 0Q�* �1�HF*. 1��, 1.�,  (��1   ?�#S' |�?�Q( .  �?<1�
 � .   (?	�' �.�?


M��&, ��M��&, ��.��� � ��� �1�HF*. �_%, L� ;.   ���, (	�' (<.;�� � �;�' ��! � �<��. 

`	V        �1 b	&, ��,1 �1 ��	pH  ��            ZF��? �.�?
 0?*. �!q -���� ��� A�S<. `�FO, �

    Z�. �1 `	V   �, 0>1 ���
 (�J�,        �1 �		E' 1�S�. (! ��pH           (?S	F< �1 � [?SJ �?		E' (
 �SD, 

      M��&, ;. .6W 1��< M��&, 0\�] �		E'  ��   �	�] �HCl   � NaOH    [	\D' 0�� pH    �?� �1�HF*. 

     �.�
 .#S, �<�* �1HCl   � NaOH                 � �<�?* ~�?< -1�?! �;�?
 �� ��	*. �
 � �� �1�
 ��"
 

�_, 1��, M��&, �1 -� -1�
 ��� �[SJ �		E' -��
 (KWpH�, �		E' M��&,  1�!.  

                 1�?S�. �_�.�?� ���
 0*. ���HF, 5�� �1 ��.��! ()��%, k�� ��! Z�. �1 ("	@�S<� ;.

�,     �	EF, (�� (! ��  ��   �;.�<. �1 �t+, �             �<�)?"� [�?* �� ��� k6J [* ��<��	>�
 -.#	, ��	

 (<��< �1   ��          �.�?
 5�� Z��F�
 .6W �D��
 (F�.1 `�FO, �          �1�?W� 1�?S�. k�?� Z?�. =?%&'

         .6W �1�
 ��	Q ;. �Dj�� (<��< �1 �R�Da,Kg �            �?��$�* ���?� -.�?DR (
 (! ��	Q (<��< ;. 

   �� �1�HF*. �1�
 ���< .  1��J3��             � ��� 1�Q 0*�7 �
 � L�OF<. ��1�a' ��_
 (<��< ;. A� 

   ��, (
�     �� Zj�� � 1�Q (%	>1  .        �	Q ��� 1�Q (<��< Z�. ;. ��! M�V �1      (?<��< -.�?DR (
 �

M��&, (	�' 0�� ��T. ���� �1�HF*. ��T. � ���� � .  

 9��;�8� %�&:   .�F
. ��          ��
 C� �1 ��� 1�Q (<��< ;. A� ���       � Z�;�?' ��?F	W ��	, 

4�        (<��< �� �1�#�. -� (
 ZF*. �F	W ��	,    ��              M�?�&, ;. �a?O�, [?SJ -1�#?�. �?
 �1�?W� �

  (<��< (
 �1�, 1�.�<�F*.  �� ���� ��, (	�' ��	Q �<�� . ��, (
 N��O,�   � �?� -m�?�� (%	>1 

  i.1�S,4� ��	,             ��, (
 � �� �1�#�. N��O, (
 ZF*. �F	W�          ��#��?<m��� ;. �1�HF?*. �?
 (?%	>1 

 �� �1#�� .                ��F<�!1 (
 � ��� k�T ����T 6]�! � �Q ��7 ;. �1�HF*. �
 ��,� 0*�
 M��&,

 �� I%FD, .        ��F<�?!1 �1 ��?� k�?T M��&, (
      M�. (?�J�, �1 ���  �?�	,         [��?* M�?�&, �?F	W

  ��HW�*� %  �x� ��	,    �1 �F	W              �?� �1#�� ��� (
 (%	>1 �DG ��, (
 � �� �1�#�. -�F,���! .

                    �1 ��<��	>�
 M��&, (
 � �1�! .�� ��
 C� �1 I,�! -�� �;�� �1 ;. P7 .� �D	��7 ;�� P$*

  ��F<�!1��   �1 �F	W ��	,        ;. P7 � �� �1�#�. -�F,���!           (?
 �D	��?7 ;�� �-�� �;�� �1 � -1#�� 

        i.1�S, P$* � ��� I%FD, ��l> ��
�� ��	,    �1 �F	W          P?7 ���
�1 � �1�#�. ��F<�!1 (
 -�F,���!

           M��&, ���J ��
 (
 �D	��7 ;�� -�� �;�� �1 � -1#�� ;.  ��         �?� I?%FD, �?�l> (?�J�, �1 � .
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  ��

            �1.1 ��lR [��* ��HW�* ;. ��F)
 ;. ��
 �1 1���, M��&,          �1 ��?� k�H?� M�?�&, � �?�

 ��,10C�� 1��J �' ml��� �	Ol' ���'�� ;. �1�HF*. �
  . 

�<��0�         %�& �� =><����&� ��0?��� "�3�� ���@HPLC :   ��jF?*1HPLC     �1�HF?*. 1��?, 

 0!�� 0Q�*Shimadzu r�< ;. M�FD! [F)	* �.�.1 � Z7.m SCL-10A VP  �?�7 �LC-10AD 

VP r�< ;. ��.1;;� [F)	* �DGU-14A  MU?J ��DD! f�;�' [F)	* �FCV-10AL VP  ��?F"'1 �

UV-Vis r�< ;. SPD-10A VP   r�?< ;. -�F?* ��,1 M�FD! (\H&, � CTO-10AC VP 1�?
  .  ;�?�

      I,�� ��� �1�
 ��"
 ~�&F,3� %   1�
 L� �1 M�<�F, .  �,gUV          � 0?lX, (?F��U7 �?
 [��?'�1 �

2*�7       1�
 (	<�t C� �� �1 ��1 .   D
 �
�OF<. Y�, M�V   �
 �   1��D�?	7    �g�?%, nm���    �?� [	?\D'  .

      0!�� 0Q�* (F�� ��"
 -�F*YMC      Z!�* ;�� �
 Z7.m C18     M�?V (
 mm���      �?�Q.1 �?_> � 

mm4/x     -�F* ��,1 � 0Cx�  �� [	\D'  .MUJ  ��           (?��1 ;. � ~�?, 0!�?� 0Q�* (F����"
 �

 |��QHPLC�<1�
 �.1��Q�
 .  

    A.��� <� ���5 B8�� C>�0   �  ?0 D#&��0�8� ��0.   �          %�& �E� &E�* �#.E45 � ��- �

  ����.�2���	F8�UV-Vis :              5�� ;. ��?! Z?�. �1 0?*. �.�?> ("	@�S<� ;.MCR-ALS   �1�HF?*. 

              �, (	W�. Z	�O' Z�. �1�.1 (	W�. Z	�O' C� (
 ;�	< r��� �.�
 5�� Z�. �1��      �?� 0\�] �<.�'

         Z	�O' ;. ��! Z�. �1 (! ���
 `	V   �� �1�HF*. 0\�] (	W�. .     Z?�. -1��� 0*�
 �.�


  ��,�?"' ��F!�?� #	W�<� (,�<�
 Z	�O'Evolving Factor Analysis  )EFA(   �?� �1�?
 ��?"
  .

      Z?�. 0?*. [F)?	* �1 [\D, �		E' C� 1��� 0*.�	7 d,�< ;. (! ��_<��� 5�� ��T. ��Dl,

        -�	*.�F	' -��� ��! Z�. �1 [\D, �		E'pH      �
� b	&, �1 ��F, 0*. .       �?��
 M�. (?��1 �1 P7

        �F	' �<.�F
 � (F�.1 �;�
 �� ��	*. 0	T�Q ���
 �*��
 1��, s	!�' (! 1�� (��' (F"< Z�. (


      �		E' �
.�
 �1 �DK� 1��pH                 (?
 s?	!�' Z?�. [�;.�?D
��! I"� (
 (��' �
 (! �D! �		E' b	&, 

       1�.1 .� �z�� Z�. � 0*. ��67�F	' �FJ.� .      ! ��?F�� ��?&< ^	O�' �1    �1 [�;.�?D
��pH   �?� �

 ���FD, �g�%, ;. �"� v�*. �
 ��! ��Dl, `�FO,(Panades & Ibars, 1999)   �?�; (?<� (* (! 

 [�;.�D
��! �.�
 .� 1��D�	7�� M�l<1 0*. �1�! . 
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 �1 b	&, �1 `�FO, (<� (* 1��� �'��lR (
pH ��0*. ��aF, `�FO, �.  

   �1 s�_, (,.1. �1 I"�    ��                   �(?<�'��7 A�?� �.�?
 �?<� �?7 �?F�, b?Q �?,� ��.�Q (! ��  

�, ��"
 I	*� �>�� A�� �.�
 �W��K, �F�, bQ � �XDQ A�� �.�
 Z	G bQ 1��.  

  I"�Ae� ̀ 	V    ��        M�?�&, -�	*.�F	' (
 N�
�, �
6� �ppm��       (?D,.1 �1 [�;.�?D
��! ;. 

pHZ	
 �/� �' ��/��, -��< .�  ��1.  

   ��< �.�t. k6J �.�
  ̀ 	V �� #               (?* Z	j<�?	, (! (�T�J (S	F< � �� �.�"' ��
 (* ��	

`	V ��
 I"� �1 0*. ��	  ��0*. ��,� .  

  0�#, ;. �"�  ��        (<� #	W�<� �.�
 (! 0*. Z�. 5�� Z�. �   ��  D' M��S, ���     (?<��< C� (
 

  [��.1 ;�	< 1�.�<�F*..   �1.1 I	�&' �1    ��     �1.1 -1; [� �* ;.    ��  �HF*. �<�F* 5�� (
  �� ��.�Q �1

  �DK���D'                    P��'�?, � ��?� �1; [?� �?* M�?�S, (<� �1.1 P��'�, � 1�.�<�F*. �1.1 P��'�, 

             �, (F�� �\< �1 ��T. �1.1 P��'�, -.�DR (
 0*. ��F�#
 P��'�, (! (�T�J  1�� .   Z?�. �1

               [�;.�?D
��! ��	*� ��� �>�� � �XDQ ���� (<�'��7 A�� �1�.1 1��� M��S, (<� (* P��'�, .

     I�����7 Y.�OF*. M�l<1 (
 ��! Z�.   ��          �, (<� (* Z�. ;. C� �� �H	V � �F\�] �   �?��
 .  �.�?


            �?� M�?l<1 ��; IJ.�, �*��
 1��, [F)	* ;. ��RUV. Z��F�	
 M�aJ :        0?
�t (?
 (?��' �?


 ��	*. 1��D�	7 [�;.�D
��! �.�
 ��� (Alford et al., 1997)  ��	?*. iU,�! b	&, �1 �pH<  �?�D' 

 C�[�;.�D
��! (<�'��7 A�� �(<�    1�.�<�F?*. M�?�&, .6W 1�.1 1���ppm��   ��	?*. iU,�?! .� 

    �1 � �1�!�/�pH=    `	V Z��DG UV-Vis        -� Z	j<�?	, (! �� (	�' -� ;.    �?�     I"?� �1 �   ��?,� 

0*. .     1�HD, �.�%, C	"H' c��F<SVD   #	< ��D'             �?, �?	��' .� b	?&, �1 (?<� C?� 1���    �?D!.  

SVD	K, -.�DR (
 (<� 1.�K' Z		K' �.�
 ���  ���, ��"
 b	&, ��T. � 1��.  

          -�?G (?! 0*. (<�'��7 A�� �H	V �1 �F\�] I�����7 L�p�T�J I,�� �1.1 P��'�, Z�.

��D' �?	
 (_
.� �1 � 1�.1 1��� (<� C� e  ��?l,gA=εbc � cm�=b �ppm�� M =
����=C � A 

         (_
.� �1 A��K, ��1�%, -1.1 �.�> �
 0*. A��K, #	<   g�
 ε          (?<� ^W�?Q �
6?� `	V -��� (! 
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�, 0*�
 0*. (<�'��7  I"� �1 (! ���30*. ��� �1.1 -��< .  

      �, .� ��� IJ.�, (<�'��7 A�� �D<���           �1 I	*� �>�� A�� ^W�Q `	V Y.�OF*. �.�
 -.�'

    1�! .��. �;�
 iU,�! b	&, .  c��F<SVD    1��� #	< ��D'      �1 .� (<� C� �/��pH=  �, �	��'   ��DD! 

          0*. (l*�&, I
�> g�
 (_
.� ;. �1�HF*. �
 �;�
 (<� A�� .I"� x        (?<� ^W�?Q �
6?� `	V 

�, -��< .� -�'��7 �>�� ��1.  

  I�����7 �1 Z�.�
�D
   ��      �*��
 1��, [F)	* �H	V ���D'        � 0?*. M��S, �XDQ (<� `	V 

       0*. ��� (FQ�D� [F)	* ;. (<� �1 `	V .  �, ���V ;.    [	<.1ε    �	t�' 0&' pH     � �1�?l< b	&, 

   ;. I%F),pH      �1.1 P��'�, ���H' �'��lR (
 0*.     ��      I?�����7 �1 ���H' ;. ���<    �?�   �?F\�] �

I�����7 � 0*. .#�. ��[F)	* �1 (<� (* �H	V �  ����< �		E' � 0*. -�)"� `�FO, � �D!.  

          ;. �1�HF*. �
 �1�.�<�F*. �1.1 P��'�, (	�' ;. P7EFA    I?�����7 (	W�. Z	�O'    �?��   �?F\�] 

)I"� Ee�( �,� 0*�
 -�.  

                    M�?�&, (?
 ;�?	< � �1�?
 ���?'�7 �1 �1�HF?*. 1��?, ��F,�F���F"$*. ��jF*1 ("	@�S<� ;.

  �, 1�.1 P<���               (<��< ;. ��! 0&T -1�
 g�
 �.�
 �,. 1�! �1�HF*. �_%, L� ;. -.�'   ��   ��?	Q �

�� �1�HF*. ����.   

  (<��< (	�' �.�
   ��     *. ;. �aO�, [SJ �1�W� �      (?
 [�;.�?D
��! 1�.�<�Fg��     ���?� (?<��< 

                     -.�?DR (?
 � �?� A�S<. -� ��� Il> 0�)> �1 ��� �!q Y.�OF*. IJ.�, � ��� �1�#�. ��	Q

                    � ^	O�?' �1 C?	D"' ���?<.�' � 5�� ����?"�� -.#?	, -1��� 0?*�
 �.�
 M��S, (<��<

(<� C	"H'  ���� �1�
 ��"
 .  

   �#.45 �0.?0ppb'GG =><����&� : I"�  Be� ̀ 	V   ��         -�	?*.�F	' ;. I?T�J �
6?� �pH 

    �, -��< .� M��&, ��F,  ��1 .           P��'�?, �?
 -1; [� �* ;. P7 M��S, �1.1 P��'�, #	W�<� �.�


  0�1��&, �1�.�<�F*. �1.1  ��                P��'�?, �.�?
 -1�?
 (F)?
 � P��'�?, �1 �.�?
 -1�?l< �?HD, �

   0*. ��� M��R. 1�.�<�F*. .      �, (! 0�R Z�. (
 -1�l< �HD,   ] [	<.10\�   ��     � �<�.�< �DK, �HD, �

`	V  ��      (	J�< �1 �HD, �
6� �UV-Vis �
                A�?� ��?%
 -�<�?> 0?�R (
 -1�
 (F)
 � 0*�DK,

 �, M��R.       (<� (�� 0\�] r��S, (! 1��   ��              �?
 �?
.�
 1�.�<�F?*. �1.1 P��'�?, �1 b	?&, �1 

ppm���,  ���
 .  
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 ��

`??	V Z	??Dh��  �??� A�??D
 �)??��'�, �1 �;�??
 � ��	??*. (??<� �1 � ssel d�.#??�. �.�??
 

dD�#           �<�?� (?F�� �\< �1 0
�t [F)	* �1 ���67.             �?
 �M�?�S, �1.1 P��'�?, (?	�' ;. P?7

 ;. �1�HF*.EFAI�����7 (	W�. Z	�O'  �� �F\�] �)I"� Fe�( �,� 0*�
 -�.  

                  0?\�] � �1.1 P��'�, �
 (<��< Z�. �D	�O' 0\�] � �1.1 P��'�, Z�. -1.1 �.�> [��* �


 �<�F*. M��&,   (,�<�
 �1�.MCR-ALS  �� .��. .  I"?�   �?�  �Ie4   � Le�  I?�����7     �?�    � �?H	V �

�, -��< .� ��� (,�<�
 �.��. ;. (�T�J �F\�] �D�1.  

   �#.45 �0.?0ppb'G =><����&�  :         �.�?%, (?
 ��?� �1�W� (<��<ppb��       �1 � �?� Y.�OF?*. 

   �� �F	' b	&, ��,1 .  I"�Ce � ̀ 	V     �?�       -�	?*.�F	' ;. I?T�J �
6?� � pH      -��?< .� ��?F,

�, ��1.   

     (,�<�
 ;. �1�HF*. �
EFA          I"� �1 (! �,� 0*�
 �D	�O' �F\�] I�����7 Ge�    �1.1 -��?< 

0*. ���.  

                I?�����7 ;. �1�HF?*. �
 � 1�.�<�F*. M��&, �1.1 P��'�, �
 �1.1 P��'�, Z�. s	!�' �
    �?� �

    0�1��&, M��R. �
 � �D	�O'  ��        I?�����7 (?,�<�
 �.��. �1 ��� �!q �   �?�      �?H	V � �?F\�] �

 I"� �1 (! ��1� Y.�OF*. M��S, (<��<Je4 � Me��� �1.1 -��<  � .�<. 

   �#.45 �0.?0ppb' =><����&�  :  (
��         [�;.�?D
��! 1�.�<�F*. M��&, ���� ��	Q (<��< A� 

 �1�W� M�aJ �.�
ppb��� �1�#�.  . -�	*.�F	' Z�. c��F<pH I"� �1 ��F,He�0*. ��,� . 

 1�HF*. �
    (,�<�
 ;. �EFA   I�����7 (	W�. Z	�O'   ��           I"?� �1 (?! �?,� 0*�
 �F\�] �Ke4 

   0*. ��� �1.1 -��<.                    �1.1 P��'�?, �.�?
 0?\�] (?	W�. Z	?�O' � Z	?�O' Z?�. ;. �1�HF*. �


    0�1��&, M��R. �
 � 1�.�<�F*.   ��           (,�<�
 �.��. Z	J �1 P��'�, �1 �� �.�
 `�FO, �MCR-

ALSI�����7   ��V � �F\�] �1��, �H	  I"� �1 (! ��1� Y.�OF*. �\<Ne�0*. ��,� .  

    A.��� <� ���5 B8�� C>�0  �       BEH�I � &�* �#.45 � #&��0�8� �   E�     �E� JE��;� �

  %�&HPLC :   �F,.��7 [	\D' ;. P7  ��             C?�! (?
 s?*�D, A.��'�?,��! C� 1�S�. � ��jF*1 �

M��&,  ��  �F,.��7 �1�.�<�F*. �  ��    
��! ^	O�' �.�
 ��jF*1 �     (<��< �1 � �� [	\D' [�;.�D    �?� �

   �DF�� ��"
 -�)"� `�FO, .M��&,   ��    0?\�] �
 1�.�<�F*. �   �?�  �ppb�  �ppb��   � ppb���  �?�   
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 ��������    ������	�
 �	��� � ��������� �����	�� ����� �� ����� ���� !�"pH!�	�   
Fig. 1- Absorptive spectra of carbendazim standard solution in pH-metric titration system 

A=10ppm,standard, B=100ppb,sample, C=10ppb,sample, D=1ppb,sample 
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Fig. 2- Absorptive spectrum of porotonate carbendazim form 
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Fig. 3- Pure spectrum of porotonete carbendazim form 
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Fig. 4- Pure absorptive spectrum of carbendazim without acyl 
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Fig. 5- Estimated concentration profile from EFA in pH-metric titration: bold continuese line:  

protonic form, dotted line: neutral form, regular continues line: deacyl form 
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Fig. 6- Real concentration profile from MCR-ALS. bold continuese line: protonic form, dotted line: 

neutral form, regular continues line: deacyl form. I=100ppb,sample, J=10ppb,sample, K=1ppb,sample 
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Fig. 7 -Real spectrum profile from MCR-ALS, bold continuese line: protonic form, dotted line: neutral 

form, regular continues line: deacyl form. L=100ppb,sample, M=10ppb,sample, N=1ppb,sample 
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Fig. 8- Calibratin curve of measured samples from HPLC method 
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Table 1- Results from UV-Vis spectrophotometry 

 %������� 
%Recovery  

��� ����� ���� 
Calculated Concentration   

�!"�� ����  
Real Concentration 

100%  100.28  ppb  100  

103%  10.35  ppb  10  

93%  0.93 ppb  1  

 
 ��������� ���� ���	
 ��� ��  HPLC 

Table 2- Results from HPLC method 

 %������� 
%Recovery  

��� ����� ���� 
Calculated Concentration   

�!"�� ����  
Real Concentration 

99%  99.06  ppb  100  

99%  9.90  ppb  10  

99%  0.99 ppb  1  
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