
� � �

�N '� '� �9 >8�� %Ê'2 1=�e  >&�N '� '� �9 �_ �X �8 �Z �c �ž '� 0d�� �† �g !· �K �Z��

0° 3U>'  ��

 ��

 ��


œ0• �y �' �` �º '5 �¼�ë �w�µ �_ �| �• 8Õ�� 7V�d �ò �· �b 0Û�o  ��

 ��

&Å�•  
ƒ�• 1,2*, )e5� �� �4 1, - �œ  �[ 3 ��

 	�

Evaluation of the droplet removal behavior by a small air cleaner with 
�

photocatalyst ���

 ���

Masafumi AKIYOSHI1,2*, Satoru WATANO1, Tsuyoshi OCHIAI3 ���

 ���
1 �±70�Ó'g �±�Û  �d �Û%Ê'2&É ���

(�� 599-8531 �±70�Ó�� �w�Û�l#ë 1-1) ���
2 �±70�Ó'g �±�Û  %Ê'2�N4
 �µ �S  �±70�\7• �¤��$U%Ê'2�­ �å�± �î  ���

(�� 599-8531 �±70�Ó�� �w�Û�l#ë 1-2) ���
3 &„ �É�]%4'g#Ø�� �• /¡ )r �œ%Ê'2�d  �] �î �• /¡ �- �|4Š  �¦ �q0Ž�Ò�¢�Ý�î �É  �	�

>&�� 213-0012 �] �î �w9×�` �
 �• �^ 3-2-1 KSP�¾�· 1 7u>'  �
�

 ���
1 Graduate school of Engineering, Osaka Prefecture University, ���

1-1 Gakuen-cho, Nakaku, Sakai, Osaka 599-8531 Japan. ���
2 Osaka International Research Institute for Infectious Diseases, ���

Organization for Research Promotion, Osaka Prefecture University,  ���

1-2 Gakuen-cho, Nakaku, Sakai, Osaka 599-8531 Japan. ���
3  Kanagawa Institute of Industrial Science and Technology (KISTEC), ���

Ground Floor East Wing, Innovation Center Building, KSP,  ���

3-2-1 Sakado, Takatsu-ku Kawasaki, Kanagawa 213-0012, Japan. �	�

 �
�

*Corresponding Author. ���

E-mail: akiyoshi@riast.osakafu-u.ac.jp (M. Akiyoshi) ���

Tel: 075-753-9852 ���



� � �

Abstract ��

A small air cleaner with the visible-light-responding photocatalyst was ��

developed. This air cleaner is specialized in removal of the splashed ��

droplets which flies between facing peoples to cope with various infectious ��

diseases. Photocatalyst of a tungsten trioxide system which response ��

efficiently to visible-light was sprayed on a conventional nonwoven fabric ��

filter with a visible-light LED module and a silent type fan are applied. The ��

photocatalyst was excited by visible-light to generate active oxygen that 	�

oxidizes and decompose various organic matters. In this study, the physical 
�

performance of the air purifier was estimated, 1) the removal action of ���

splashed droplets from the oral cavity with special motion-picture system, 2) ���

evaluation of the transmittance of droplets to the filter and 3) droplets ���

capture performance in a clean bench. Furthermore, performance of the ���

photocatalyst system was evaluated by formaldehyde gas decomposition ���

rate in a small chamber. As a result, droplets of 5 micrometers or more can ���

be removed effectively by the small air purifier, and it is considered that the ���

virus contained in the droplets caught by the filter will be inactivated with ���

the photocatalyst by degrees. �	�

 �
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�T 8¼ �† �Ç �“ �å �W 8� �_ 0¿ *( �K �S �Ç �• �Ý �± �î �_ �\ �Z >* �I �} �_ �Q �b �W �? �}  ���



� � �

LED 
œ�† !· �U �K �Z �8 �• ��%$ �K �c !· �Ø �@9× �M�B �Z  � �� �[ �A �^ �8 �S �u>*��

LED �? �} �b2¥7³�† �š�<�Z!· �Ø�† � �� �K>*2¥7³�b3ë�§�Œ�b6õ�X�[ �Ç�• �µ��

�¸ �• �å �¢ �_�| �~�¥�� �M�G�\ �[ �Ç�• �Ý�±�î �)*( �[ �b !· �Ø�† 68,500 lux �\��

�Ó�u�S�� �^ �>>*�Ç�“ �å>* LED 
¹ �_  12V %$�v7Á ; �[9Q�· �K>*�˜2�7Á�Š��

�c 5W �è�W�[ �6 �• ���Ç�• �Ý�± �î �? �} �b�< �¼�b8¼3ÿ�c>*�p �¸4Š�[ 0.3 m/s>*��

�Ø3¶4Š�b�q�v3ÿ�8!l �[ 0.8 m/s&ì�Ø�[ �6 �W�S>&!Õ)z�'8¼3ÿ0£  DT-8880��

>&CEM &k>' �† �Q#Ý>'��  ��

 	�

������ "I �f #ì 
@�Ü �s �_ �| �• 8Õ�� �b �¾�8 3¸ �s �ò �· 0Û�o  
�

�• �º �˜ 
œ%Ê�4�' �
&k �b �¤(• �Ê �•0i �ì �©�« �¸ �Ò  PV2-II �_ �| �~>* �` �º���

'5 �¼�ë �w�µ �_ �¾�83¸�r �€ �•8Õ�� �b �•0i �ì �† /œ�W�S��9×3d�Ø�b  LED 
œ���

,] �K �C�c �M3H�‰�¥�_$Î �ú �M�•  2 W �b)s ,
 �Þ �î �¨ �î 
œ�_�| �~ '5 �¼�p �b���

�® r �† !· �} �K>*9×3ÿ�Ø�• �Ó�Û�[ �Ü�s �K�Z�· �?�^ �8*ü �� �^ �] �†7V�d�M�•���

#ì 
@��#. �†�• �<�Z8Õ�� �b�³ �� �†/œ�W�S��  ���

�r �N>*%$�K�•+M�?�} �: �� �I �€ �•8Õ�� �ò�· �† �
 �< �• �S �u�_ �•+M
Æ�† 5���

�} �O�S�V�[ �� �È �î �È �î �� �\ �8 �:%Ú/ã8b�_ �| �~8Õ�� �† �–�W$×�_�±5� �_ �:���

�� �K�S)� �Ý�†9×3d�Ø LED �ž
œ�_�| �~ �Ü�s �K�S���Ü�s �b4g:1�\ �^ �• �S�u���

�` �º '5 �¼�ë �w�µ �b  LED �c �˜ !I �K �Z �> �~>* �Ç�• �Ý�± �î �§ �– �»�? �} �b �š�	�

�” �Ç�ß�î �b  ƒ�€ �@!“ �8�| �: �_ �” �Ý�Ñ�¸ �î �É�[ �0 �8�[ �8 �• �� �I �} �_>* �Á�
�

�å �»�« �É�Þ�î �? �} �b8Õ�� �† �M3H$Î�ú �b�Þ�î �¨ �î 
œ�_�| �~ �“ �‰�¥�?�} �ž���


œ�K�Z>* �` �º '5 �¼�ë �w�µ�†3û4#�M�• �S�‹ �b8Õ�� �† �Ü�s �K�S��  ���

 ���

������ �Y )Ê�x �Ç �• �Ý �± �î �_ �| �• 8Õ�� 3ñ4#"á 0Û�o  ���

�Ç�“ �å�_ �| �~ �¾�83¸ �r �€�S�® r �@�] �b&ì �Ø�Ç�• �Ý�± �î �_ �| �~ /õ2Š�I���

�€ �Z7V�d�I �€ �• �?�†0Û�o�M�• �S�u �_  120 mm0… × 450 mm �b �² �¡ �º �†���

�« �³ �Þ �å�Î �î �» �_�| �~�D�8 �K>* 
Æ4Š�_�` �º '5 �¼�ë�w�µ�\ �  �L �Ç�“ �å �\���

�Y)Ê�x �Ç�• �Ý�± �î>&
œ0•�y �c �, �x �K�Z�8 �^ �8>' �†#Ý�8�S�<�¼�Ø�½�µ�º���

�†0¿*( �K �S �� �Ç �“ �å �b �V �v 
�  120 mm �) *( �\>* �Ç �• �Ý �± �î �b �W�v 
�  �	�

120 mm �)*( �p �¸4Š�_�Ï �î �º �†0¿�E>*�Ã�î �¸ �• �¡ �Ý�• �˜ �å �± �î  AERO �
�

Trak APC 9303-01>&TSI &k>' �b�¾�83¸�s �À�¬�Ý�† �Q�€ �R�€�b �Ï �î �º �?���

�} �p �¸ �)*( �_�� 
° �M�• �G�\ �[ �Ç�• �Ý �±�î3û4#�S�‹ �b(• �Ê ð�Ø�† � �� �K���

�S>&Fig.3>'���Ã �î �¸ �• �¡ �Ý�• �˜ �å �± �î �À�¬ �Ý�?�} �b �¾�,3ÿ�Ø�c 4.72×10-5 ���



� � �

m3/s �[ �6 �• �� �® r  ; �\ �K�Z�M+á�¥ �E�b2x8b�<�•  5 �þ�_ �È4(�È�†
° �€�Z��

��7Ý�þ�\ �K�Z �Q#Ý�K�S��%?�V�\ �s �u  40°�‰�¥�l �b  2 �X �b�À�¬�Ý�@�Ü�8��

�Z�>�~>* 1 �G% �b0è9‚ �[ �c �g �‰�?�} ��7Ý>* 2, 3 �G% �b0è9‚ �[ �c �s �u�‰��

�¥ �b�s�b ��7Ý�\ �K�Z�® r5� �† �š �ì �I �O�S���² �¡ �º �c  HEPA �Ç�• �Ý�±�î��

�† 
Æ-¶�K�S�Ç�“ �å �Ø�½�µ�º>&�” �¬ �á �å  �Æ�×�” �« �Ì �î �«  PS01-AD>' �†��

#Ý�8�S�¡ �Ü�î �å �È�î �«
Æ�_0¿*( �K�S�� �\ �6 �¡ �Ü�î �å �È�î �«�W
� �b7}6ë��

>&3û�– �c
Æ4Š�@7g�} �\ �^ �• �S�u �¿�A�� �K �• �\ �^ �~�e8Ÿ�_ �^ �} �^ �8>' �?��

�} �² �¡ �º �@�¥�¼�†�¾�W�Z�K�r �W�S�S�u��7Ý�K�^ �8�Â�µ�¡ �¢�Û�˜ �å�» �[	�

�b �Í �@9×�C�^�W�S�@>*�G�€ �_�| �~ '5 �¼�p �b�Õ�b7V�d�ö+� �†0Û�o�K�S��
�

�Q�b�‹>*�W4Š�b7}6ë�†�©�î �Ý�M�• �G�\ �_ �| �~ � �� �M�• �® r  ð �Ø�_�P�K���

�Z�� �( �ë �w�^#” �C�† �“ �Z�8 �• �� �Ç�• �Ý�± �î �b �V�v
�>* �W�v
� �Q�€�R�€���

�[ 2 �(6ë�b(• �Ê�X � �� �†  10 �G4�)F)Þ�~3É�K 1 �­ �µ�º �\ �K>* 0.3-1, 1-5, ���

5-25� m �b �› �( (í �_ �X�8�Z�b �¹ �’  ð �Ø>&'ì /¡ �¹ �’>'�\ �† =�ë �j �† �Ó�u>*���

�W�v
� �b �¹ �’ �Í �† �V�v
� �b �¹ �’ �Í �[ �m�• �G�\ �[3ñ4#"á�†�Ó�u �S��  ���

 ���

������ �¡ �Ü �î �å �Ë �å �³ '5 6ë
Æ�[ �b 8Õ�� 7V�d �ö +� 0Û�o  ���

2.3 (� �b 8Õ �� 3ñ 4# 0è 9‚ �b �¡ �Ü �î �å �È �î �« �[ �Q #Ý �K �S  HEPA �Ç �• �Ý���

�± �î �† 
Æ-¶�K�S�Ç�“ �å�Ø�½�µ�º �† �v#Ý�K�Z  0.6 m 0…×1.5 m �b�¡ �Ü�î�	�

�å �Ë�å �³ �†0� �8 �K>* 
Æ4Š�[ �S(� �[ �v �Q#Ý�K�S2x8b�<�•  5 �þ�_ �| �• �È4(�
�

�È�b��7Ý�†/œ�W�S�� �r �N>* �Ã�î �¸ �• �¡ �Ý �• �˜ �å �±�î �_ �| �~�\0ñ�/ (Ô�_���

�> �E�• �] �� �^ �) *( �[ �b '56ë�p�b �® r  ð�Ø � �� �† /œ�W�S�� �I �} �_>*��7Ý���

�þ �\ �Ã �î �¸ �• �¡ �Ý�• �˜ �å �± �î �\ �b6ë�_�` �º '5 �¼�ë�w�µ�†0¿*( �K>*�] �����

�^ �)*( �_�Š�8�Z �® r5� �b�( �x �@�] �b �| �: �_ �š �ì �M�• �b�? �†0Û�o�K�S�����

��9‚ �_ �Q#Ý�K�S�¡ �Ü�î �å�Ë�å�³ �b�p �_0¿*( �K�S��7Ý�þ>* �` �º '5 �¼�ë �w���

�µ>*�Ã�î �¸ �• �¡ �Ý�• �˜ �å �±�î �b �Þ�–�” �˜ �º �† Fig.4 �_&g�M�� �¡ �Ü�î �å���

�Ë�å�³ �V �v
� �b 'ƒ�? �} �b2¥7³�† L>*��7Ý�þ�\ �Ã�î �¸ �• �¡ �Ý�• �˜ �å �±�î���

�À�¬�Ý
› 'ƒ �r �[ �b �¹8� �ž �s2¥7³�† D>*�Ã�î �¸ �• �¡ �Ý�• �˜ �å �± �î �b �À�¬���

�Ý�p�° �b �¡ �Ü�î �å�Ë�å�³ �Ï8� �?�} �b9×�I �† H �\ �K�Z�� *O�K�S����7Ý�þ�	�

�p �° �b�) *( �c  L = 400 mm �[ �[ ��>*�` �º '5 �¼�ë�w�µ�) *( �v  L = 650 mm�
�

�[ �[ �� �\ �K�S��  ���

HEPA �Ç�• �Ý�± �î �† 
Æ-¶�K�S�Ç�“ �å �Ø�½�µ�º �b '5 �¼�v �~ 
° �€ �• �_�c���

�` �º '5 �¼ �ë �w �µ �[ �Q#Ý�K �Z �8 �• �Y)Ê �x �†  4 �™5� �a �Z0¿*( �M �• �G �\ �[���



� 	 �

�¡ �Ü�î �å�Ë�å�³ 
Æ�[ �b '5�¼�v5� �†1* �Z�K�S�� �¡ �Ü�î �å�Ë�å�³ �Ï8� �? �}��

9×�I 300 mm�[ �b8¼3ÿ�c L = 400 mm�)*( �_�Š�8�Z  0.53 m/s>*L = 650 mm��

�)*( �[  0.44 m/s �[ �6 �W�S�� ��7Ý�þ�c�s �u 40° �‰�¥�b�À�¬ �Ý�b�s�† �Q��

#Ý�K�S�� �` �º '5 �¼�ë �w�µ�† �Q#Ý�K�^ �8"g �Â�[ �c ��7Ý�þ�b9×�I  170 mm ��

�b ��7Ý�• �?�}% �_0b�<�• �® r �@�V�¼�K�Z�8�A>*��7Ý�þ �?�} �È �¹ �_ 200 ��

mm &ì�Ø�b2¥7³�[9×�I  300 mm &ì �Ø>&�¡ �Ü�î �å�Ë�å�³ �p�°9×�I>'�_�^��

�~ �È�¹8Õ/œ�_&ã/œ�K�S�� �` �º '5 �¼�ë �w�µ �†�· �8 �I �O�• �\ �® r �@�Ç�“ �å��

�_ �| �W�Z�¾�83¸ �r �€ �• �@>*�ì6ë�_�| �W�Z�‚ �· �@ í �K�C�M�� �b"g�Â�[ �c	�

!“ �? �W�S�� �G�b�S�u>* 2.3 (� �  �] �_ 2 �(6ë�b � �� �† 10 �G)Þ�~3É�M�G�\
�

�_ �| �~(• �Ê �X�b 'ì /¡ �¹ �’ �\ �† = �ë�j �b0Û�o�†/œ�W�S�� �^ �>��9‚ �†�� �‹���

�K�S4Š�‡�b 5 �Ø�c 30-40% &ì�Ø>*�¼ � �c  23� �S�‹ �[ �6 �W�S��  ���

 ���

������ �Í �Ý �Ò�” �Ý �¹ �Ä �» �( 0Ž0è9‚  ���

�Ç�• �Ý�± �î �_ �| �W�Z��7Ÿ�I �€�S8Õ�� �v �ì6ë�\ 
¹ �_ �• �8�Z �p�_ �µ�r �€���

�Z�8�• �˜ �– �Ý�« �@
Ì �: �� �I �€ �• �
 �€ �@�6�• �� �G�b�S�u>* �Ç�• �Ý�±�î �_���


œ0•�y �†�, �x �M�• �G�\ �[>* �w�µ"@�[ �6�• �˜ �– �Ý�«�b �(0Ž�†�– �W�K�Z�8���

�• �@>* SARS-CoV-2 �˜ �– �Ý�« �[ !“ �C�Z�v�˜ �– �Ý�« �† ��7Ý�K�Z�b7V�d�ö���

+� �b0Û�o�c#' �~ �\ 
Æ�b��9‚ �‹0¿�@�P�Â�K�A�€�^ �8�S�u�� �‹ �@�� �u�Z �T�	�

7´�[ �6 �• �� �r �S>*
œ0•�y�@�› '� �b �˜ �–�Ý�«�_�P�K�Z�Y�q �ì �b �  �Ý�†&g�
�

�M�G�\ �c �] �� �^%Ê'2 �[ �Â�} �? �_�I �€ �Z�8 �•  10-15)���G�b�S�u�•%Ê'2�[ �c���

�˜ �– �Ý�«�†#Ý�8 �S�ö+�0Û�o)� �Ý �\ �š3Q�†/œ�: �S�u�b �S�•7u�\ �K�Z
œ0•���

�y �_�| �• '5 �¼�ë �w�µ �\ �K�Z �b�M+á$×�^�ö+�0Û�o�†>* �w�µ �ž�« �[ �6 �• �Í���

�Ý�Ò�” �Ý�¹ �Ä�» �b�(0Ž�ò�· �_ �| �~0Û�o�K�S�� �W�¶$×�_�c �q�ö4ß(ò�b#Õ���

�B5� �^ �] �b"@#.$×�^ �æ�†�†#Ý�8 �S#Õ�g�d)z�b�Z#. �^ �] �_ �| �~>*
œ0• �y���

�_ �| �• �˜ �– �Ý�« �b�Y�q�ì �b �  �Ý �†)+�M$×�_0Û�o�� �¶ �^ �8 �?%Ê'2�†4
 �u���

�• �£ �� �[ �6 �• ��  ���

�^ �>>* JIS R1751-4�� �Ç�“ �–�å �­ �Û�Ñ�µ�¡ �« - �•0i 
œ�Â'Å�g 
œ0•�y�¦���

�q �b '5�¼�w�ì �ö+�0è9‚ �‰�2 -'¨ 6 4Š>8�` �º �³ �Õ�å�Â�î �†#Ý�8�S�Í �Ý�Ò�”�	�

�Ý�¹ �Ä �»�b7V�d �ö+� �� �c 
œ0•�y+¬�/ �b0Û�o�2�[ �6 �~>* '5 �¼�ë�w�µ
² �/�
�

�b0Û�o�2�[ �c �^ �8�S�u>*
œ ; �x0è9‚ "&�b �¦2A>* �§�– �¬>* �I �} �_ �Ç�“ �å���

�†#Ý�8 �Z�8 �• �\ �8 �:4Š�( �^ �] �] �� �^ !l �[$� �^ �W�Z�8 �• �� �r �S>*�¥�•7Á���

�µ �d�� �
0d�A JEM1467 �b  1 m3 �³ �Õ�å �Â�î �p�[ �±�Â�¥�† 5 �• !Þ!• �I���



� 
 �

�O�S�6 �\ �b0è9‚ �c>* �•%Ê'2 �[0Û�o�†/œ�: �` �º '5 �¼�ë �w�µ �_�c8� �–�_2���

,´ �b9×�80è9‚ �[ �6 �~>*�Ö�½�^�] �_ �| �~
œ0•�y�@0]�ƒ �€�• �G�\ �[ �• �¶ �b��

�ö+� �@0Û�o�� �¶ �^ �C�^�• �
 �€ �@�6�• �S�u>*"‚+¬�b � �� �‰�2�\ �K�S��  ��

 � �� �c �Í �Ý �Ò �” �Ý �¹ �Ó �î �± �î  htV-m (PPM technology &k)�_ �| �~ ����

�‹ �K�S��  � �� �Þ�å�ª �c  0-50 ppm �[7Á�¼�ì �Û�' !Þ �q7Á�å�2�_ �| �~ � ����

�†/œ�: �� 0.038 m3 �b �” �¡ �Ü�Ý�¹ �©�£�î �± �î �† �³ �Õ�å�Â�î �\ �K �Z�Q#Ý�K>*��

�` �º '5 �¼�ë �w�µ>*�Í �Ý�Ò�” �Ý�¹ �Ó�î �±�î �† �p�_ 
° �€>*�Í �Ý�Ò�” �Ý�¹ �Ä��

�» P�®�@
° �W�S#¼�p�b-h�¼�†�©�Ü�å �ª �[ �¾�, �K �Z�³ �Õ�å �Â�î �_6ä�E�S	�

'0 �?�} �M��5� �†�@
° �M�• �G�\ �[>*�6 �‡ ð �Ø  5 mg/m3 &ì �Ø�[ �b0è9‚ �† ��
�

�‹ �K�S��  ���

�I �} �_>*�Ç�• �Ý�± �î �b9×�ö+� �ì �† �W�• �S�u>*�Ý�¿�Ÿ�Õ�µ�º TM  10 wt% ���

�« �Û�Ü�î �N�®�†�Y)Ê�x�_�«�É�Þ�î �K WO3 0• �y �b8� �&�Ø�† 0.4 g/m2 &ì���

�Ø �? �}  22 g/m2 &ì �Ø �_9× �u �S �Ç �• �Ý �± �î �† �8 �B �K �Z �  �] �b0è9‚ �† �����

�‹ �K�S�� �I �} �_>*�w�µ"@�[ �6�• �Y)Ê�x�Ç�• �Ý�± �î+¬�/ �b �(0Ž�_�| �~ �ö���

+� �@�* �W�M�• �G�\ �†75�D�S�u�_>*4ß�ì �(0Ž�I �€ �^ �8 !“ �µ �¦2A�b�­ �Û�Ñ���

�µ �¡ �Ç�“ �–�Â�î �Ì �î �Ã�î>&�• �•7Á!Õ  BSFP300, 1 mm�L  >' �† �Q#Ý�K�S���

�Ç�• �Ý �±�î �†0è�8�K�S��2
 �Ž�ì �_ �c �g"g �–�â�b �S�u �b�w�µ�Â�–�å�² �î���

�@�Q#Ý�I �€�Z �8�• �S �u>* 500� �[ 1 �ì6ë�Ë�î �Ÿ�å�¢ �M�• �G�\ �_ �| �~�w�µ�	�

�Â�–�å�² �î �†7V�d�K�S�‹>*!“ �µ(Ô�b�K%T�c�[ �6 �• �­ �Û�Ð�Î �å �» 569 �†�
�

�È�[  P �?�K�S�« �Û�Ü�î �†�µ �• �I �O�• �G�\ �[ �g"g �†�– �â�K�S��3û8¼�ö�†���

,� �C�M�• �S�u � 1 mm �b '0�† �Ï �å �³ �[  5mm 6ë7x�[6ä�E�S�‹ �_>*�Y)Ê���

�x �b�� �œ�\ �  �] �_ �Ý�¿�Ÿ�Õ�µ�º TM  10 wt% �«�Û�Ü�î �† 22 g/m2 &ì �Ø�r���

�[ �« �É�Þ�î �K �S��  ���

 ���

>1 �� 9‚ )� �Ý �í *ƒ �9  ���

��������"I �f #ì 
@�Ü �s �_ �| �• 8Õ�� �b �¾�8 3¸ �s �ò �· 0Û�o  ���

�•+M�?�} �b8Õ�� �† �Ü �s �K�S�·#ì  (Mov. S1) �? �} 5 �Ç�Þ �î �Ò#ì 
@�†���

�³ �� �K �Z5� �a�œ�ƒ�O�• �G�\ �[>*8Õ�� �b�· )z �†7ü�F#ì 
@�\ �K�Z�Ó�u�S"@�	�

�† Fig.5 �_&g�M���` �º '5 �¼�ë �w�µ �V'5  30 cm &ì �Ø�b(
 �V �[>*8Õ�� �@�,�
�

�A�$�O�} �€�¾�83¸�r �€�• �] �Ê �@�( �?�• ��  ���

Fig.6 �c �M3H$Î �ú �b �Þ �î �¨ �î 
œ�_ �| �~>* �` �º '5 �¼�ë �w �µ �†3ñ4# �M�•���

�Á �å �» �« �É�Þ�î �? �} �b8Õ�� �† �Ü�s �K�S)� �Ý �[ �6 �•  (�·#ì �c  Mov. S2)�����



� �� �

�Ç�“ �å �b�W
� �_ �v �Þ�î �¨ �î 
œ�@�†�C�­ �µ �¸ �• �å �¢�\ �K�Z �8�• �@>&;î �8��

)z"g�b
@�@#ì 
@��#. �I �€ �S�Þ�î �¨ �î 
œ�b362§>'>*�Ç�• �Ý�±�î �†3ñ4#�K�S��

8Õ�� �c0b�} �€ �^ �8��  ��

�� �M�‰�[>*7Á�Ê�S�d �G�? �} �b �ç �� !®�b �¾�83¸ �s �ò �·  (Mov. S3) �[ �c>*��

�M�¦ �¾�83¸ �r �€ �S!®�@�Ç�• �Ý�± �î �†3ñ4#�O�N�_ 
� �‰�_
Ì �: �� �I �€ �• �ò��

�· �v0b�} �€�S>&�•+M�?�} �b8Õ�� �[ �c �G�b �ò�· �c0b�} �€ �^ �?�W�S>'��7Á�Ê��

�S�d�G�? �} �b �ç �� !®�c 0.1 � m �Ü3Æ�_�Æ�î �¡ �†�â �X(• �Ø�( �x �†&g�K  19)>*��

�§ �È�Ñ�¡ �ß �å�b(• �„ �b �® r �_�X�8�Z �c3ë�_�È�C�Ñ�S�I �€ �• �•+� �ö�@&g	�

�@�I �€�S��  
�

 ���

������ �Y )Ê�x �Ç �• �Ý �± �î �_ �| �• 8Õ�� 3ñ4#"á 0Û�o  ���

�Y)Ê�x�Ç�• �Ý�±�î �_ �P�M�• '5�¼�p�b �Õ�l �g �® r �b3ñ4#"á�b � �� )� �Ý���

�† Table 1 �_&g�M�� '5 �¼�p�b �Õ�_ �P�K�Z�c>*�8�N�€�b(• �„ �_ �P�K�Z�v  ���

70-80 % &ì�Ø�b(• �Ê�@7V�d�I �€�Z �8�S�� �Q�€�_�P�K�Z��7Ý�þ �?�} �b�®���

 r �[ �c>* 0.3-1 � m �b�® r �c �o�\ �‡ �]7V�d�I �€ �Z �>�} �N>* 1-5 � m �[ �����

�( �S�‹ �b7V�d"á�[ �6 �W�S�@>* 5-25 � m �b8Õ�� �c �o �p�ö 
² �_7V�d�[ �A�Z���

�8 �S��  ���

�Y)Ê�x�Ç�• �Ý�±�î �M+á�[>* 0.1 � m �è�W�b(• �Ê�x  1 � m �è�V�b(• �Ê�[�	�

�c(• �Ê7V�d�ö+� �@9×�8�@>*�Q�b6ë�b �§�È�Ñ�¡ �ß �å8• �æ�[ �c(• �Ê7V�d� �
�

"á�@�*�8 �G�\ �@%±�} �€�Z�>�~  20,21)>*�Ò�G 0.1 � m �è �W�b(• �Ê�_�X�8 �Z���

�c  � �� �� �¶ �Z�8 �^ �8 �@>*�Q�€�| �~�± �A�^(• �Ê�_ �X�8 �Z�b)� �Ý �c�Z�œ�K���

�Z�8�• ���K�? �K>*�Q#Ý�K�S�Y)Ê�x�c Fig.7 �_&g�M�| �: �_6×�I  2 mm �œ ���

0.5 mm &ì �Ø�b �š3Q$×�±�A �^ '0 �@�¨ �X6ä �• �K�Z �8 �• �� �•%Ê'2 �_ �> �E �•���

�` �º '5 �¼�ë�w�µ�[ �c �G�b�Y)Ê�x�† 1 �™�b�s�Q#Ý�K�Z�> �~>*�G�b�® r3ñ���

4#0è9‚ �[ �v �  �] �[ �6 �• �� 1 � m �è�V�b(• �Ê�[ �c �Ð�ö/ª ': �x4=�~ �@�-4Ä$×���

�^(• �Ê7V�d�b �Ó�• �½�¬�Ò�\ �^ �• �@ 20,21)>*�G�€�T�E�±�A�^ '0�@�6�• �_�v���

�? �?�ƒ�} �N>* 5-25 � m �b�® r �@�o�p �ö
² �_7V�d�� �¶ �• �G�\ �c �\ �6 �£�•���

�K�Z�8�^ �?�W�S�� 0.3-1 � m �b�® r �@3ñ4#�K�Z�8�• �G�\ �?�} �Ç�• �Ý�±�î�	�

�@ ÿ�€ �Z�®+w�_�| �~3ñ4#�K�^�C�^�W�S�\ �c*ƒ�< �} �€ �N>* �Ç�“ �å�_�| �~�
�

#Õ�L�• �˜ �v �b�  �Ý�^ �] �† �Ò�‹ �è0¦ �M�• �²0[ �@�6�• �� �8 �N�€�_ �K�•(• �„���

�b �±�A�88Õ�� �@�o�\ �‡�]7V�d �[ �A �Z�8�• �G�\ �c>* 3.1 (� �b"I �f#ì 
@�Ü�s���

�[ �v&�1� �[ �A �Z �> �~>* '5 �¼�p �b �Õ�[ �v  5-25 � m �b (• �Ê �_ �X �8 �Z �c  8 ���



� �� �

�m&ì�Ø7V�d�[ �A�Z�8 �• �G�\ �? �}>* �� �Â�† �o�Î �K�Z �8�• �\*ƒ�< �} �€�• ��  ��

�^ �>>* 0.3-1.0 � m �b �® r �_�X�8�Z AERO Trak APC 9303-01 �b �q�±�•��

 � (• �Ê ð �Ø  (5% �è �W�b0£�X�†�» �_�p�r �• ) �b 
¶&à�Í �@ 7×107 /m3 &ì�Ø��

�[ �6 �~ >* �� 7Ý �þ �À �¬ �Ý %$ 3Æ �b 9× �8  ð �Ø �b �®  r �†  � �� �K �S �� �œ �[ �v  ��

5×108 /m3 &ì �Ø�[ �Q �€ �è �V�± �A�C�^ �} �^ �? �W�S�S �u>*0£�X �@8ì �ô �K�Z��

�8 �• �\ *ƒ�< �} �€ �• �� �G�b�S�u�¡ �Ü�î �å�È�î �«
Æ�[ ��7Ý�þ �?�} �b�¤��5���

�† �š �D �K �Z  � �� �†0è �s �S �� �Ç �• �Ý �± �î �b �V �v 
� �[  (1.9± 0.2)×107 /m3 ��

&ì�Ø�b  0.3-1 � m �b �® r �c �Y)Ê�x �Ç�• �Ý�±�î �_ �| �~  (1.5±0.1)×107 /m3 	�

&ì�Ø�_�ö �a�K�S�@>*3ñ4#"á 80% &ì �Ø�\ '5 �¼�p�b �Õ�| �~7V�d"á�@�*�C>*
�

�x �c �~ �§�È�Ñ�¡ �ß�å �b�® r �_�P�K�Z�c�6 �r �~�  �Ý�@!“ �8 �\*ƒ �<�} �€ �• ��  ���

 ���

������ �¡ �Ü �î �å �Ë �å �³ '5 6ë
Æ�[ �b 8Õ�� 7V�d �ö +� 0Û�o  ���

�r �N>*�` �º '5 �¼�ë �w�µ�c�8 �· �I �O�N�_>* �Ã�î �¸ �• �¡ �Ý�• �˜ �å �±�î �b���

�À�¬�Ý�b �Ï8� �?�} �b9×�I  H = 300 mm �_ �>�E�• ��7Ý�þ �p�° �? �} �b2¥7³  ���

D �_�P�M�• �® r  ð�Ø�b�k�Ñ�ö �†0Û�o�K�S)� �Ý�† Fig.8 �_&g�M���W�p�b���

�š �Û�î �Â �î �c 2 �(6ë 10�G�b � �� �†/œ�W�S)� �Ý�?�} �Ó�u �S�† = �ë�j �†&g���

�M>& Fig.8,9 �v �  �]>'�� D = 300 mm �[ �c>* 0.3-1, 1-5, 5-25 � m �b�› �( (í���

�\ �v �o�p �  �L �® r  ð �Ø�[ �6�~>* 0.3-1 � m �b�® r  ð �Ø�c D �@�š�ì �K�Z�v�	�

�o �p �š �ì �K �^ �? �W�S�@>* �S(� �[3Ù�m�S�| �: �_0£�X �@8ì �ô �K�Z �> �~>* D �
�

�@�±�A�C�^ �W�Z�v8ì �ô ð�Ø�è�W�_�c �* �W�K�Z�8 �^ �8 �\*ƒ �<�} �€�• �� �Q���

�b �M�‰�[>*1-5, 5-25� m �b�® r  ð�Ø�c  D �\ 
¹ �_ �± �A�C�* �W�K�S�� 1-5 � m ���

�b �® r �c  D = 300 mm �[ �c  (3.5±0.2)×108 /m3 �[ �6 �W�S�b �@  D = 700 ���

mm �[ �c  (5.1±1.3)×106 /m3 �r �[ �* �W�K>* 5-25 � m �b�® r �[ �c  D = 300 ���

mm �[  (2.5±0.1)×108 /m3 �[ �6 �W �S �b �@  D = 700 mm �[ �c  ���

(1.9±2.0)×105 /m3 �r �[ �* �W�K�S��  ���

�� �_>* D = 500 mm �)*( �_�> �E�• �® r  ð �Ø�b9×�I �k �Ñ�ö�_�X�8�Z�`���

�º '5 �¼ �ë �w �µ �† �Q #Ý �K �^ �8 �� �œ �\ �Q #Ý �K �S �� �œ �\ �[ �š 3Q �K �S )� �Ý �†  ���

Fig.9 �_&g�M�� 0.3-1 � m �b�® r �_ �X�8�Z �c0£�X�Í �@8ì �ô�K�Z�>�~9×�I�	�

�_ �| �• �k �Ñ�ö�c0b�} �€�^ �? �W�S�S�u �m�¡ �K�Z�8 �• �� �` �º '5 �¼�ë�w�µ �†�
�

�Q #Ý �K �^ �8 �� �œ >* 1-5 � m �b �®  r �c >* H = 300 mm �Ü 3Æ �[ �b  ���

(6.2±0.9)×107 /m3 �† �Æ�î �¡ �_>* H = 100 mm �[ �c  (1.8±0.2)×107 /m3 �_���

�r �[ �* �W �K �Z �8 �S �� 5-25� m �b �®  r �v �  �] �_  H = 300 mm �[ �b  ���



� �� �

(3.3±0.6)×107 /m3 �† �Æ�î �¡ �_>* H = 100 mm �[ �c  (1.8±0.8)×106 /m3 �r��

�[ �* �W�K�S���` �º '5 �¼�ë�w�µ �†�8 �· �I �O�S�� �œ>* 1-5 � m �b�® r �c  H = ��

150 mm �[ �b  (3.8±1.0)×107 /m3 �† �Æ �î �¡ �_ >* H = 400 mm �[ �c  ��

(2.3±0.3)×106 /m3 �_ �r �[ �* �W�K�Z�8�S�� 5-25� m �b �® r �c �I �} �_ �� 'ƒ �_��

 ð �Ø�@�* �W�K�Z�>�~>* H = 150 mm �[ �b  (2.1±1.0)×107 /m3 �† �Æ�î �¡ �_>*��

H = 400 mm �[ �c  (7.5±17)×103 /m3 �_ �r �[ �* �W�K�Z�8 �S���M�‰>* H = 100, ��

150 mm �_�Š�8�Z �c>*�` �º '5 �¼�ë�w�µ�† '� 
>�I �O�• �S�| �~�v ,] �¸  ð �Ø��

�@�V�@�W�Z�>�~>*�W7F�¼�v �_�| �~�W
� �_ �¾�8�$ �O�} �€�S�?>* �Ç�“ �å �?	�

�} �b 
Ì �: �� �@*ƒ�<�} �€�• �� H = 100 mm �?�}  400 mm �r �[ �b �® r �X�b
�

�œ0£�†�š3Q�M�• �\>* 1-5 � m �[  60%>*5-25 � m �[ 56% �b�® r �@�` �º '5���

�¼�ë�w�µ �b '� 
>�_�| �~�ö�a�K�S��  ���

D = 700 mm�)*( �_ �>�8�Z�v �  �] �b �® r  ð�Ø9×�I �k �Ñ�ö�b � �� �†/œ���

�W�S>&Fig.10>'�� 1-5, 5-25 � m �b�® r �_�X�8�Z)/ �P �X�c 1 �F&ì �Ø�* �W�K���

�Z�8�S�@>*�( �x �c �o �p�  �] �[ �6 �~>*2¥7³ �\ 
¹ �_ �±�A�^(• �Ê�@5��Š�_ �|���

�~ �ÿ7F�K�Z�* �89×�I �[ �b(• �Ê�X�@%&�P$×�_�±�A�C�^ �• �] �Ê�c0b�} �€ �^���

�? �W�S>&�t �K�• �* �89×�I �[ �b 5-25 � m �b �® r �X�c  D = 500 mm �b�� �œ���

�\ �š �m�Z%&�P$×�_�` �I �? �W�S>'�� 0.5 m/s &ì �Ø�b�¼�v�† �v�K�Z�>�~8Õ/œ���

�ì 6ë �c 1 &Ê &ì �Ø �[ �6 �• �b �_ �P �K �Z >* 10 � m �b 8Õ �� �[ �v �ÿ 7F 3ÿ �Ø �c�	�

3mm/s &ì �Ø �\0• �ƒ �€ �Z �8 �• �S �u  20) �� �\ �^ )� �Ý �[ �6 �• �\ *ƒ �< �} �€ �• ���
�

0.5-20 � m &ì �Ø�b�® r �b�È�( �@-h$Î �M�• �b�_0[ �M�• �ì6ë�c  0.8 &Ê&ì �Ø���

�\0• �ƒ�€ �Z�>�~ 22)>*Fig.8 �b2¥7³�_ �| �•  ð�Ø�š �ì �c �z �_8Õ2¥7³�\ 
¹ �_���

-h$Î �K�S)� �Ý�[ �6 �• �\*ƒ�< �} �€ �• �� �M�‰�[>*�` �I �8 �® r �b�‰�@�š/²8����

'� �c �± �A �8 �S �u -h$Î3ÿ �Ø�@3ÿ�C�^ �• �\ *ƒ �< �} �€ �• �@>* Fig.8 �_ �> �8 �Z���

1.0-5.0 � m �\  5.0-25 � m �b �®  r  ð �Ø�b �š �ì �† �š3Q�K �Z(• �„ �b �` �I �8���

1.0-5.0 � m �b �‰�@�ö�a"á�c�ƒ �N�? �_�` �I �8>& 0.3-1.0 � m �_�X�8�Z�c0£���

 � �X�@8ì �ô�K�Z�8�• �S�u�è0¦ �c �� �¶ �^ �8>'�� 5.0-25 � m �b�® r �@-h$Î �K���

�Z 1.0-5.0 � m &ì�Ø�_ �^ �• �� �œ�\>* 1.0 � m �| �~�` �I �8 �® r �@/ª ': �_ �| �~���

�œ�M�K�Z 1.0-5.0 � m &ì�Ø�_�^ �• �� �œ�b�g �‰�b�  �Ý �@*ƒ�<�} �€ �"(ç �[ �c�	�

!“ �C>*8¼3ÿ>* 5 �Ø>* � �Ø�^ �] �_ �| �W�Z�± �A�C�G�b)� �Ý�c$� �^ �W�Z�C�•�
�

�•+� �ö �@�6�• �� �S�T �K>* '5 �¼�p�_��7Ý�I �€�S�È(• �Ê�b�ò �·0Ž�Ò�_�X�8���

�Z>* 5�Ø 50%>*�
  � 20�¥�[ �M��>&�® r �b-h$Î �_�| �•  5 �Ø�í � �Ø�š�ì �†���

�• �á �K�^ �8>' �\ �K�S�� �œ>*�® r �b �È�¹ �63ÿ�Ø�† 10m/s�[ �¼�v �@!“ �8�����



� �� �

�œ�c(• �„ �@�±�A�8�o �] �?4)2¥7³�@�±�A�C>*(• �„ 100�# m �[ 400mm&ì�Ø��
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60� m �†2x�<�• �±�A�^8Õ�� �b �63ÿ�Ø�c�
3û�–�b�ç �¾�[ �c  <1 m/s�
$Î �Œ��
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 �?��
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 1 m &ì �Ø�
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�
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1.41×10-3 /min �b 2 �X�†#Ý�8�S  a�í exp(-k1 t) + b�í exp(-k2 t) �\ �8 �: �' �[���
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The droplets emitted from the oral cavity that are inhaled by a small air purifier as ��

visualized by the particle visualization system PV2-II (Kato Koken Co., Ltd.). This ��

image was obtained by capturing five frames from a movie and overlaying them.  	�

�
�
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