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�F�“�%�&�¥�?�K�"�Ú�[�É�¨�†�F�“�Ÿ�&�`�&�— �F�ˆ�z�"�6
�D�Ú���ª�U�Ð�¹�/�¥�•�£�ë�º�#�Ÿ�u�ê �,�° [1]�	�e�ð�È�

�@�“�ð�J�C�Ú�i�ó���Ð�ß�“�/�ð�J �=�ˆ�a�D�Ú�W�§�²�œ�/
�h�J�Z�����Ã�P�t�-�%�T� �Ú ���Î�P�(�J�Z���ž�J���‚�=
�t���˜�	�(�Â�r�©�=�Ÿ �u�Ó�›�^�Ð�Ã�P�t�Ú�¢���|�Ç�‚�e
�ð�º�ˆ���� ]�	 Ong�I [3]�6�D�•�Æ�Ú�e�ð�z�"�€�w�×�_�w�×�ô
���ê�,�/ �C�8�;���Ô�¬�5�}�b�_�5�l���/�Q�¾�¹�×�j�œ�Æ
�Ê�	 Hwing Eun��Sun�I [4 �6�D�•�Æ�Ú�'�e�ð�ó�z
�" 3Omin�—�Ú�w�×���/���Û�´�³�ê�,�°�º�# 90%�����	 �ö�Z
�I �' 7��0 mg/L�e�ð�z�"�—�ó���.�l���/�º �ˆ���W�¦ 100�Ø �	
�Ó�½�6�D���e�ð�€�Æ�m���ê�,�/ 3
�@�Ð�å�;�Ÿ�u�/�Q�¾�¹�×�S�€ Vc���É�`�y�r�N�^�° �/�–
�È�Ú�����S�Z�Ž�/�@�'�e�ð�¤�~�&�—�Ÿ�&�`�z �"�®�*�"�•
�´�¯�	

1 �Ô�¿�h�Á�ú�Ô�¿�h�Á�ú
1��1 �Ô�¿�h�0�d
1��1��1 �*�•�Ô�¿�¼�¼�+���ì�é�|���â�×�ã�ä�Ú�(�Ÿ �Þ�©�Ÿ�u
�æ�z�¢�®�*�Ú�^�°�j�r�Â 99�Ø �Ý80 �¼�¼�+���ø (�L �¢ �õ�…
�Ÿ�u�J�ˆ�_�!�Ð�»�9�Y )�Ú40 �ì �é�Ó (�ì�é�| )���ø

(�g���•�4�Â�h�����•�4�J�w�Ð �»�9�Y )�Ú40 9/6�â�×���ø (�õ
�v�r�•�Š�Ÿ�u�Ž )�Ú�Ë�' �‚�v�¤ (NaHCO�	 )(�Š�b )�	�Æ�m�`
�@�������Æ�Ú�(�õ �v�2�Ÿ�Þ�=�w�½�Ü���+�”�6�D�¢�®�*�Ú
�%�¶�Ò�
�Ã �u�	

1��1��2 �0�d�•�-�ï�1�j�“�0 (Agilent 6890)���Ò �£�=�º�å (�Õ�Ö
�­�'�0�d�Ž )���Ä�ž�q�-�0 (Labcon��CO)���q�E�a�e�ð�-�%
�d (�L���M���å�Ä�¥�•�6�D�¢�Ú FCY��W3A�Ú�e�ð�&�° 2 000
mg/h)�	

1��2 �•�Ð�Á�ú
1��2��1 �Æ�m���Ÿ�u�ê�,�°�/���z�A�U�Æ�m�ä�` 10 g�Â100
mL�I���$�6�Ú�F���c 50 mL�Ú�I�� 2min�Ú�F 2 g�‰�X�¬�ü�ý
�œ���Ú�©�° 2 min�—�¥���	�� �����F NaC1�f�Í�_�Ú�Y 250
mL�=�����¾���Ç�Y�= �„�Ú�¢�¥���ó�8�¬�²�µ�Â�Ð�å�1�Ú�ó
�1�'���ò�)�� 5O mL�n�U�Ú�Z�'�Ð�å�1�Ú���n���V�—�'��
�«�
�9�z �|�f 5 mL�Ú�¤�~�ï�1�j�“ (FPD)�=�Õ�	�ï�1�j�“
�= �Õ�Ú� �Ü�j�“�Ø�Ú DB�
 17�5�k�”�œ�î�O�K�Ø (30��0m��0��53
cm��1��0 um)�Ý�=�þ�í 20�Ü1�Ý�ï�Ñ�þ�£�=
�?���•�ï (N )8�Û0 mL/min�Ú�ñ�ï 75 mL/min�Ú�E�ï
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[�k�±�•�Ù ] �=�¥�©�¯�r�¶�¹�•�Ù (2O01BA8O4A27)�Ý�õ�v�2�¯�×�¶�¹�•�Ù (BE2003305)

[�%�\�L�� ] �$�\�À (1972�Þ)�Ú�*�Ú�	�K�ÿ�ó���Ú�G�"�6�D�a�Ú�M�p�Ú���†�™���Ÿ�u�ê�,�S�Ÿ�u�%���%�Ÿ�x�7�6�D�	
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100 mL/min�Ú�ƒ�1�ï (N2)60 mL/min�Ý�¤�ä�V���• 250 C�Ú
�Ø�� 160 C(1 min)��l_ 260 C(4.5min)�Ú�æ���d���• 250 C�	�i
�ç�Ú� ���Ú�¼�¼�+���â �×���ì�é�|�+�,�É�¸�=�?
�� 2.25�Ú5.73�Ú6.48 min�	

1.2.2�ó���e�ð�^�°�/���z �R���s�Ì�•�c�/�Á �ú�¤�~�	

1.2.3�É�`�y�r�N�^�°�/���z �Æ�m�ô���É�`�y �r�N�^�°���z
�R�� GB12291��90�Ú�~�Æ�m�ä�`�á�ô �—�¤�~���z�Ý�Æ�m
�� Vc�^�°���z�R�� GB6195��86�	

1.2.4�•�u�m�ä�`�
�-�U�¼�¼�+���â�×�_�ì�é�| 3�@�Ÿ�u�„
�C�'�d�)�ó�>�®�Ú�=�?�ª�„�¡ 500�_ 100mg/L�u���	�~�À�Ó
�ü���/�Æ�m�=�?�·���u������ �û 2 min�Ú���
�,�³�¦���+�‘
�u���m�‹�j�I�Ú�U�<�— �Ë���Ú�„�¡�
�[�Ÿ�u�ê�,�°�/�•�u
�m�Ú���=�?���z�Æ �m�ä�`�� 3�@�Ÿ�u�/�>�s�ê�,�°�	

1.2.5�ó���§�W�¢�e�ð�€�Æ�m���Ð�å�;�Ÿ�u�/�Q �¾�¹�× �}�·
�/�����!�#�X�6�=�?�F 3 0O0 mL�d �)�ó�� 0.012 mol/L
NaHCo�	�ó������ 0.1l9 mol/LNaHC()�	�ó�����Ú�~�•�u�m
�y�7���÷�Ú���F�N�¢���e �ð�	�=�?�Â�¢�e�ð�— 15�Ú30
min�U�ä���z�Æ�m���/ �Ÿ�u�ê�,�°�Ú�Š�J�Q�¾���	�[�É�•�

�¢�e�ð�/�d�)�ó �z�"�%�€���	

1.2.6�
�[�™�s���•�e�ð�ó�€�Ð�å�;�Ÿ�u�ê�,�/ �Q�¾�¹�× 3
0O0 mL�d�)�ó���=�?�¢�e�ð 60�Ú30�_ 10 min�Ú�„�-�
�[��
�•�/�e�ð�ó�Ú���F�N�~�•�u �Æ�m�ä�`�y�7���û�;

���Ú 15�Ú30 min�—�=�?�U�ä�� �z�Ÿ�u�ê�,�°�Ú�Š�J�Q�¾
���	

1.2.7�e�ð�€�Æ�m�� Vc�_�É�`�y�r�N�^�°�/�– �È�Æ�m�=�?��
�û�Â 0.119 mol/L NaHCO�	�ó���� �S�d�)�ó���Ú���¢���e
�ð�Ú�=�?���z 0�Ú15�_ 30 min�—�Æ�m��Vc�_�É�`�y�r�N�^
�°�	

2 �Q�×�h�=�Õ�Q�×�h�=�Õ
2.1�ó���§�W�¢�e�ð�€�Æ�m���Ð�å�;�Ÿ�u�ê�,�/ �Q�¾�¹�×

�ó���=�?�§�W�¢�e�ð 10�Ú15�Ú20�Ú25�_ 30 min�—�Ú�e
�ð���•�=�?�� 0.42�Ú0.88�Ú1.38�Ú1.48�_ 1.80mg/L�	�
�[��
�•�/�e�ð�ó�€�Æ�m���ê�,�Ÿ�u�/�Q�¾ �¹�×�‡�g 1�Þ3�	�(
�g 1�Þ3�W�4�Ú�•�u�Æ�m�'�d�)�ó ���û�z�" 30 min�—�Ú�¼�¼
�+���â�×�/�Q�¾���� 30�Ø�‰�X�Ú�ì�é�|�/�Q�¾���� 20 9/5�‰
�X�Ú�•�Æ�d�)�ó�W �Q�¾�Æ�m���/�©�=�ê�,�Ÿ�u�Ý�e�ð�ó��
�û�z�"�W�F �›�Q�¾�Æ�m���/�ê�,�Ÿ�u�Ú���Á�¢�e�ð�É�¸�•
�¶�Q �¾�¹�×�š�Æ�Ê�	�Æ�m���¼�¼�+���â�×�_�ì�é�| 3�@�Ÿ�u
�/�ê�,���•�=�?�� 11.22�Ú6.31�_ 7.04 mg/kg
�É�Ú�d�)�ó���¢�e�ð�z�" 30 min�—�Q�¾���=�?�� 64.38
�Ú47.87�Ø�_ 50.92�Ý3�@�Ÿ�u�/�ê�,���• �=�?
�� 3.86�Ú2.18�_ 2.06 mg/kg�É�Ú�¢�e�ð�z�" 30 min�—�Q�¾��
�=�?�� 54.29�Ø�Ú43.28�_ 45.92�Ý�e�ð�h NaHCO�	�ó�����^
�Z�z�"�W�F�› �Æ�m���ê�,�Ÿ�u�/�Q�¾�¹�×�Ú 0.119 mol/L
NaHCO�	�ó���� +�e�ð�z�" 30 min�€�¼�¼�+���â�× �_�ì�é�|
�/�Q�¾���=�?�¦�A 79.32 %�Ú63.26%�_ 65.54%�	
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2.2�
�[�™�s���•�e�ð�ó�€�Æ�m���Ð�å�;�Ÿ�u�ê�,�/�Q�¾�¹
�×

���
�[�™�s���•�/�e�ð�ó�z�"�•�u�Æ�m�Ú�€�Ð�å�;�Ÿ
�u�/�Q�¾�%�'���z�Q�×�‡�• 1�	�(�• 1�W�4�Ú�e�ð�™�s���•
�� 2.93 mg/I �É�Ú���û 30 min�Ú�Æ�m���ê�,�/�¼�¼

�+���â�×�_�ì�é�| 3�@�Ÿ�u�/�Q�¾���=�?�� 46.35�Ú45.42
�_ 43.18�Ø �Ú�º�ˆ�¹�×�Ê�p�Ò�Â�#���•�e�ð�ó�	�Q�Z�g 1�W
�‡�Ú�'�e�ð�ó���û�Æ�m�€�ê�,�Ÿ�u�/�Q�¾�%�'�2�Â�d�)
�ó�Ú�]���e�ð�`�˜���•�š�Ò�Ú�¹�×�š�Æ�Ê�	

�• l �
�[�™�s���•�e�ð�ó�€�Æ�m���Ð�å�;�Ÿ�u�ê�,�/�Q�¾�¹�×
"Fable 1 Removal of pesticide residues on vegetables with ozone based water
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�ó���§�W�¢�e�ð�_�
�[�™�s���•�e�ð�ó�8�@�z �"�Á�ú
�€�Æ�m�� 3�@�Ð�å�;�Ÿ�u�ê�,�Q�¾�¹�×�/�í �œ�Q�×�‡�• 2�	
�™�• 2�W���3�<�Ú�i�¢�e�ð 3O min�Ú� ���Ú�ó���§

�W�¢�e�ð�z�"�€�Æ�m���Ÿ�u�/�Q�¾�¹ �×�Ê�p�Ò�Â�d�)�ó��
�¢�e�ð�„�-�¡�^�e�ð�ó������ �û�z�"�Ú�]�����û�z�"�É�¸
�š�¶�¹�×�š�Æ�Ê�	

�• 2 �8 �@�
�[�z�"�Á�ú�€�ê�,�Ÿ�u�/�Q�¾�¹�×
Table 2 Comparison of the removal of pesticide residues on vegetables by tOW means

2.3 �e�ð�€�Æ�m�� Vc�_�É�`�y�r�N�^�°�/�–�È
�=�?���z 0.119 mol/L NaHCO�	�ó�����_�d �) �ó�S�;

�¢���e�ð�€�Æ�m�� Vc�_�É�`�y�r�N�^�°�/ �–�È�Ú�Q�×�‡

�• 3�	 �(�• 3�W�‡�Ú�8�@�z�"�Á�‘�€�Æ �m�� Vc�^�°�k�Ó�÷�Ð
�–�È�Ý�"�e�ð�ó�z�"�—�Ú�Æ�m ���É�`�y�r�N�^�°�Æ�Ê�º
�#�	

�• 3 �e�ð�z�"�€�Æ�m�� Vc�_�É�`�y�r�N�^�°�/�–�È
Table 3 Effect of ozone on the content of Vc and carotenoid in vegetable

3 �Q�•�h�Œ�•�Q�•�h�Œ�•
�Ó�6�D�=�?�ª�'�ó���§�W�¢�e�ð�_�
�[�™�s�� �•�e�ð

�ó���û�8�@�z�"�Ú���Ž�/�e�ð�€�Æ�m���Ð�å �;�Ÿ�u�ê�,�/
�Q�¾�¹�×�Ú�Q�×�•�Æ�Ú�e�ð�W�F�›�ó�ü �z�"�Æ�m�€�ê�,�Ÿ
�u�/�Q�¾�%�'�Ú�]�ó���§�W�¢�e �ð�z�"�¹�×�Í�&�	

�™�Ó�6�D�W���3�<�Ú�¢�¥�§�W�¢�e�ð�ó���û�z �"�t�m
�W���Q�¾�r�©�=�ê�,�Ÿ�u�Ú�"���
�a�™�A�y �7���¾�/�%
�'�	�¡�W�a�È�(�Â�©�=�Ÿ�u�
� �A�t�m �o���6�©�Ú�
�a�h
�e�ð�¬�‰�Ú�™�]�–�È�Ð�å�;�h�e�ð �-�%�T� �	

Ong�I �í�œ���e�ð�€�w�×�_�w�×�ô�� �ê�,�Ÿ�u�/�Q�¾�¹�×�Ú
�Q�×�•�Æ�e�ð�z�"�€�w�×�ô ���ê�,�Ÿ�u�/�Q�¾�%�' (95%��
�� )�Æ�Ê�Ò�Â�w�× (50%�Þ7O�Ø)�Ú�;���†�P�e�È�e�ð�W�h�w�×
�ô���ê �,�Ÿ�u�3�=�¬�‰�Ú�(�º�ˆ�T� �-�%�Í�|�Ç�	

�e�ð�ó�z�"�€�Æ�m���É�`�y�r�N�^�°�–�È�œ �r�Ú�•�Æ
�i�(�'�e�ð�z�"�Ÿ�&�`�É�€�Ÿ�&�`�/�`�˜ �Ð�
�z�–�È�	�e
�ð�€�;���Ÿ�&�`���¯�†���Î�¡�=�È �]�Ð�7�o�%�'�ƒ�Å�†�¤
�
�è�6�D�Ú���¨�•�Z�"�(�' �e�ð�	
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Removal of 3 organophosphateozone and its influenceinsecticide residues withon the content of
Vc and carotenoid in vegetables

YU Xiang����yang �Ú�ÚCHEN Feng�	�Ú�	�Ú XU Dun����ruing �Ú�ÚLIU Xian ����jin �Ú�ÚZHANG Xing

(1 Food Safety Research Center�Ú 1iangsu Academy of Agricultural Sciences�ÚNanjing 21001 4�ÚChina�Ü
2 R&D Center of Biorational Pesticide�ÚNorthwest A�ÙF University�ÚYangling 712100�ÚChina�Ü
3 Institute of Plant Protection�ÚFujian Academy of Agricultural Sciences�ÚFuzhou 35001 3�ÚChina)

Abstract�Ü�ÜTo evaluate the remova1 effect of pesticide residue and the influence on the content of Vc andCarotenoid in vegetables with ozone�ÚtWO

methods�Úincluding continuously adding ozone into water andsoaking with different original concentrations of ozone�Úwere conducted by GC.The results

showed that theozone could accelerate the removal of pesticide by socking vegetables in water�Úand continuously adding Ozone into water could get better

result�Úcombos of NaHCO3 and ozone had higher removing rates forresidues than simply continuously adding ozone. W hen the residue concentrations of

dichlorvos�Údimethoate�Úand chlorpyrifos were 1 1.22�Ú6.31 and 7.04 mg/kg�Úthe removing ratioes for 30 min were79.32�Ú63.26 and 65.54

respectively�Úby soaking into 0.1 1 9 mol/L NaHCO3 solution and continuously adding ozone.There was no significant difference in the content of Vc between

CK and treatments�	 but the content of carotenoid was significantly reduced after treated with based��ozone clear water or NaHCOsolution.The value was
reduced by 4.79 and 4.89 mg/L respectively after treated for 30 min.

Key words�Ü�Üorganophosphate insecticides�Ý residue remova1�Ýozone�ÝVc�Ýcarotenoid
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