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Preserve Sample for Nitrogen Dioxide Measurement in Ambient Air  
by Passive Sampling Method.    
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@8ก����ก���6�6 �8�0�ก�� ก9)�	ก�� 33 )��(8	#*�ก(�+&��868��+�+-	)�)�%�
�6�6 �8�0�ก�� ก9)�	ก�� 30 ���1  5C��6�6 �8��1" (3�6&3�1"&�+  3!"� 5�1�)@8�1".+:ก	)ก�� ก9)$	���%�#
/+���
1ก��2)) �1�) �%���
1/- +1�3����-1.�$� +:��(8	กก����#&4�$� t � test �)�%�317%�.3%2$%$%�#ก	���%�#31
�	�&'�7	G 317%�7��3&	3�	�
�&�#ก�%��6�6 �8��!"� H 7!�317%� �%�ก	) 0.931 *�ก�	;��'�@8�1".+:.5��ก��(�
�6�6 �8��1" (3�6&30�ก�� ก9)�	ก��$	���%�#ก%��ก��&ก	++:���;'�ก8	"� �)�%��6�6 �8��1" (3�6&3�1"&�+
7!�  ก9)�	ก��$	���%�# 5 ���1 ก%���1"�'�ก��&ก	++:���;'�ก8	"� -�"#0(:7%�7��3&	3�	�
�=�#ก���� 7��6(�+:��
(8	กก����#&4�$��6(�%�#7%��1"$��*�	+.+:/+���5ก�<�2))��&&1�286� �
1ก��2)) �1�) �%�317%�
7��3&	3�	�
�3�ก�1"&�+ 7!� 317%� �%�ก	) 0.984 ��%�#.�ก9$�3 3!"���*��<�*�ก7%�7��3&	3�	�
��1".+: 3!"�
 5�1�) �1�)�6�6 �8�0�ก�� ก9)�1" 0 286 10 ���1 317%�7��3&	3�	�
�0��6+	)&�# 7!�  �%�ก	) 0.958 286 
0.945 $�38'�+	) +	#�	;�&�3��4&��5.+:�%��6�6 �8�0�ก�� $�3�;'�ก8	"� �!"�&ก	+&�3��4�'�.+:0��6�6 �8� 
10 ���1 �1"*60(:@8ก���� 7��6(�317��34�ก$:�# 

@8ก��$��*�	+5��3�<ก,�-.�/$� *�.+��ก.-+�0�3(������8	���
>	?&��&��	��� @8ก��
$��*�	+�)�%�7��3 =:3=:��1"$��*�	+.+:317%�7��3 =:3=:����%0�
%�# 13.88 � 139.47 �1�1)1 )�� �<�1"�'�ก��
$��*�)7��3 =:3=:�&�#&�+ �)�1"(�:���7����1*�P�>� (��7�� 21) -�"# 5C�)�� �<��34���1" 5C�*�+
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Abstract 

 This study focuses on preserve sample for measure nitrogen dioxide in ambient air. 
Two objectives of the study are as follow; first, to found a time which preserve filter paper or 
membrane after coated with absorbing agent and a time which preserve sample before extract 
with deionize water and measure nitrogen dioxide with develop color method, and second, to 
measure nitrogen dioxide concentration in the area of Suan Sunandha Rajabhat University. 
 According to the study. After coated with absorbing agent, the filter paper have 
been preserve in 30 min., that optimize period. The concentration of nitrogen dioxide derived 
from this process have been compared to those derived from sodium arsentie technique using 
Independent � Sample Test (T � Test) at significant level of 95%. This compare have been 
correlation equal to 0.931. As a consequence of this study. After collection sample, this filter 
paper have been extracted by deionize water in 5 min., which is suitable time, with correlation 
equal to 0.984. However, that time before extracted in 0 and 10 min. can be use with correlation 
equal to 0.958 and 0.945 respectively. 
 As a final to this study. It found that nitrogen dioxide concentration in the area of 
Suan Sunandha Rajabhat University are in the range of 13.88 � 139.47 ppb. The maximum 
concentration of nitrogen dioxide is found at the sample site in the front of Sri Jutapa building. 
The minimum concentration of nitrogen dioxide is found at the sample site in the front of 23 
building. However, the concentration of nitrogen dioxide found in area of the university are lower 
than the standard level of 163 ppb. 
 
Key words    :     air pollution, nitrogen dioxide, passive sampling method 
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0�5p**�)	�5pG(�38�����#��ก��0�ก��# ��3(��7� 5C�5pG(��1"317��3&'�7	G ก%�0(: ก�+

@8ก�6�)$%�&�=>��=�#7�/+�$�# �	� �!"�#3�*�กก��58%��ก,�-38���*�ก�%�.� &1�=�#�4 .3%�%�*6
 5C��4 38� �4/+�&��&%��)�778 �4*	ก������$�  5C�$:� (�!�ก�� @�.(3:$%�# H ก,�-38����1"&'�7	G.+:2ก% 
ก,�-7���)��3���ก.-+� ก,�-.�/$� *�.+��ก.-+� 286���>�7q�r� ก��5�6 3��@8ก�6�)�1" ก�+=�;�*�ก
38�����#��ก���'�.+:/+�ก��$��*�	+*��#0��!;��1"�	;� H  -�"#�'�0(:���)�6+	)7��3 =:3=:�=�#&��38���
 (8%��	;� ��
1ก��$��*�	+�1" 5C���
1ก��3�$�T��0�ก��$��*�	+7�<>����ก�� 5C���
1ก���1"31ก��0
:
 7�!"�#3!�-�"#31��7�2�# �'�ก��$��*�	+.+:7�	;#86 1 $'�2(�%# �'�0(:31ก���	s����
1ก��$��*�	+2))�!"� H 
=�;�  
%� ก��$��*�	+ก,�-.�/$� *�.+��ก.-+��'�.+:/+�ก��0
:��5ก�<�2))��&&1�  

+	#�	;�0�#����*	��1;*6�'�ก����ก�� �!"��	s����
1ก�� ก9)$	���%�#2))��&&1� /+���ก��
�6�6 �8��1"0
:0�ก�� $�1�3 �6�6 �8��1"&�3��4 ก9)�	ก��$	���%�#.+:(8	#*�ก(�+(�!� 78!�)&��+�+-	)
.528:�ก%���'�ก�� ��"3 ก9)$	���%�# 286�'�ก����ก���6�6 �8��1" ก9)�	ก��$	���%�#(8	#*�ก&�;�&�+ก�� ก9)
$	���%�#28:�  �!"��1"*6�'�0(:���)�6�6 �8��1" (3�6&3 �	;#�1;*6 5C�5�6/�
��0�ก�� ก9)$	���%�#0��!;��1"
(%�#.ก8*�ก(:�#5?�)	$�ก��  �!"�*6 ก9)�	ก��$	���%�#/+�0(:@8ก���� 7��6(�317%�4�ก$:�#  
!"�4!�.+:  

��5ก�<� ก9)$	���%�#ก,�-.�/$� *�.+��ก.-+�2))��&&1� (passive sampling) ���	�
(8	กก��2��%=�#ก,�-.�/$� *�.+��ก.-+�@%�� 33 )�� -�"# 33 )��*6 78!�)+:��&�� 731 �!"�+�+-	)(�!�
 ก�+5?�ก�����ก	)ก,�-.�/$� *�.+��ก.-+� ก��-�3@%��=�#ก,�-.�/$� *�.+��ก.-+� 5C�ก��2��%=�#
/3 8ก�8=�#ก,�-.�/$� *�.+��ก.-+���%�#��&�6 (free molecular diffusion) �1" ก�+*�ก7��3 =:3=:��1"
$%�#ก	�=�#ก,�-.�/$� *�.+��ก.-+�0���ก��ก	)ก,�-.�/$� *�.+��ก.-+�)� 33 )�� t8	ก-�=�#3�8
&��&�3��40
:uกvก��2��%=:�2�ก=�#tw7 (Fickzs First Law of Diffusion)} -�"#�
�)��.+:�%� 5C�&	+&%��
/+�$�#ก	)7��32$ก$%�#=�#7��3 =:3=:�=�#&��38��� +	#&3ก���1" (1) [1] 
 
          �.. (1) 
  

 3!"�   F   7!� t8	ก-�=�#3�8&�� (g/cm2.s) 
  D   7!� &	35�6&��
��ก��2��%=�#&�� (diffusion coefficient) 
  dC 7!� 7��3 =:3=:�=�#38����1"$%�#ก	��6(�%�#0���ก��ก	))� 33 )�� 
  dL  7!� �6�67��3���=�#ก��2��% (effective path length) 

ก,�-.�/$� *�.+��ก.-+��1"4�ก+�+-	)���%)� 33 )��(�.+:*�ก&3ก���1" (2) [2] 
 
 

dL
dC D -                      F =
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M = F  x  A  x  T     �.. (2) 
  
 3!"�     M     7!� 3�8=�#ก,�-.�/$� *�.+��ก.-+� (g) 

   F     7!� t8	ก-�=�#3�8&�� (g/cm2.s) 
A     7!� �!;��1"(�:�$	+=�# 33 )��  

  T     7!�  �6�6�1"�	)&	3@	& (s) 
7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�(�.+:*�ก&3ก���1" (3) [3] 

 
          ..... (3) 
 
  3!"�  Cair  7!� 7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก��  
   M    7!� 3�8=�#ก,�-.�/$� *�.+��ก.-+� (g) 
   F     7!� t8	ก-�=�#3�8&�� (g/cm2.s) 

L     7!� �6�67��3���=�#ก��2��% (41.2-1 m) 
D    7!� &	35�6&��
��ก��2��%=�#&�� (1.54 x 10-5 m2/s) 
A    7!� �!;��1"(�:�$	+=�# 33 )��  

  T    7!�  �6�6�1"�	)&	3@	& (s) 
 
���BCD�E��=� 

1.  �!"���ก��(��6�6 �8��1" (3�6&30�ก�� $�1�3286ก�� ก9)�	ก��$	���%�# 0�ก��$��*�	+
ก,�-.�/$� *�.+��ก.-+�+:����5ก�<�2))��&&1� 

2.  �!"�$��*�	+5��3�<7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�3(������8	���
>	?&��
&��	��� 
 
�=�FG��HF� �CDก�I� 

 7�!"�#3!�286��5ก�<��1"0
:0�ก����*	� 5�6ก�)+:�� 
1. ��5ก�<�$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+� /+���
1 �1�) �%���
1/- +1�3����

-1.�$� +	#>���1" 1. 5�6ก�)+:�� ��3��� *��� 5p�3+�+��ก��=��+ 89ก 3�$��	+�	$��ก��.(82))2(:#    
&����# =�$	;#  7�!"�#�	+7%�ก��+�+ก8!�78!"�2&#  7�!"�#2ก:� &�� 731  5C�$:� 

 
 

T  x    x  AD
L  x  M                     Cair =



 5 

 
 
 
 
 
 
 
 
 
 
 
   J��<�G 1 ��5ก�<� ก9)$	���%�#/+���
1/- +1�3����-1.�$� 

 
2. ��5ก�<�2))��&&1� +	#>���1" 2 -3   
  2.1  33 )��(�!�ก�6+��ก��#
��+ 33 )��
��+3�ก-� -88�8�/8& (mixcellulose : MCE) 

31=��+��  �%�ก	) 0.8 .3/7� 3$� =��+ &:�@%�������ก8�# 37 3�88� 3$� 
 2.2  4:��ก�6+��  
!�ก 
 2.4  7�& &��� (cassette) &'�(�	) ก9)$	���%�#���>�7q�r��1"$	�)�778 

3.  ����/33� $���  
4. 5w 5$�	$/�3	$� (auto pipet) 5�ก71) (forcep) 
 
 
 
 
 
 
 
 
 

 
J��<�G 2. ��5ก�<�2))��&&1��1"�'�ก����ก2)) )!;�#$:� 
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��# =:�=�#��ก��   
 

           J��<�G 3. /7�#&�:�#=�#��5ก�<�$��*�	+2))��&&1� 
 

����ก������	 
=	;�$��0�ก����ก��31+	#�1; 
1. ��ก����
1ก��$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�2))��&&1�  
2. +'� ���ก����ก���6�6 �8��1"0
:0�ก�� ก9)�	ก��ก�6+��ก��#(�!� 33 )�� ( ก9)0�

4�#�8�&$�ก�1"5w+&���) (8	#*�ก�'�ก��(�+&��868��+�+-	)28:� 5 �6�6 �8� 7!� (8	#*�ก�'�ก��(�+
&��868��+�+-	)28:� �'�.5$��*�	+�	��1  ก9)�	ก�� 5C��6�6 �8� 5 10 30 286 60 ���1 
 �'�ก�� ก9)$	���%�# �!"�(�5��3�<ก,�-.�/$� *�.+��ก.-+�/+���
1ก��2))��&&1�  5C�
7%� �81"���� 1 
	"�/3# /+�0
:ก�6+��ก��#�1"(�+�;'�ก8	"� 5C�2)8#7� 286�'�ก�� ก9)��:�3ก	�&�#$	���%�#
0�2$%86
%�# �8�  �!"��'�@8�1".+:3�(�7%� % duplicate (��3�	)�1"7%� < 10%) ��:�3ก	)ก�� ก9)$	���%�#
/+���
1ก��2)) �1�) �%���
1/- +1�3����-1.�$�  

3. �+&�)/+�(8	ก(8	กก����#&4�$� t � test �1"�6+	)7��3 
!"�3	"� 95%  �!"�(��%�ก�� ก9)
�	ก��ก�6+��ก��#0��6�6 �8� �%�0+�1"0(:@8�1"317%�7��3&	3�	�
�ก	)��
1ก��2)) �1�) �%�3�ก�1"&�+  

4. �'�@8�6�6 �8��1" (3�6&3�1".+:*�ก=:� 3 3�0
: �!"�(��6�6 �8��1"0
:0�ก�� ก9)�	ก��
$	���%�#(8	#*�ก�1"�'�ก�� ก9)$	���%�#28:� ก%��ก���'�3�&ก	++:���;'�ก8	"� 5 �6�6 �8� 7!� �'�ก��&ก	+
+:���;'�ก8	"��	��1 (8	#*�ก ก9)$	���%�# &�9*&�;�28:�  ก9)�	ก�� 5C��6�6 �8� 5 10 30 286 60 ���1 ก%��
&ก	++:���;'�ก8	"�  

5. �+&�)/+�(8	ก(8	กก����#&4�$� t � test �1"�6+	)7��3 
!"�3	"� 95%  �!"�(��%�ก�� ก9)
�	ก��ก�6+��ก��#(8	#*�ก ก9)$	���%�# &�9*&�;�28:�ก%��ก��&ก	++:���;'�ก8	"� �6�6 �8� �%�0+�1"0(:@8�1"31
7%�7��3&	3�	�
�ก	)��
1ก��2)) �1�) �%�3�ก�1"&�+  
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6. �'�@8ก����ก���6�6 �8��1" (3�6&3.50
:0�ก��$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�
.+��ก.-+�0�3(������8	���
>	?&��&��	���  5C�7%� �81"���� 1 
	"�/3#  

7. &��5286 @�2��%@8ก����*	� 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

J��<�G 4. &��5=	;�$��ก��+'� ���#�� 

��ก����
1ก��$��*�	+ก,�-.�/$� *�.+��ก.-+� 

$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�/+�
��5ก�<�2))��&-1� �1�)ก	)��
1ก�� �1�) �%� 

 5�1�) �1�)@8�1".+:*�ก�	;#&�#��
1 286�6�6 �8��1"
 (3�6&3/+�(8	กก����#&4�$� 

 581"���6�6 �8�0�ก���	ก����5ก�<�
(8	#*�ก 78!�)&��+�+-	)28:� 

 581"���6�6 �8�0�ก���	ก��$	���%�#
(8	#*�ก ก9)$	���%�#28:� 

��
1ก��2))��&&1� ��
1ก�� �1�) �%� 

&��5@8 286*	+�'����#��@8ก����*	� 

�'�ก��$��*�	+ก,�-.�/$� *�.+��ก.-+�0�
3(������8	� +:����
1ก��286�6�6 �8��1" (3�6&3 
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OPก���Qก�� 
@8ก��+'� ���ก����ก���6�6 �8��1"0
:0�ก�� $�1�3286 ก9)�	ก��$	���%�# /+��'�ก��

ก'�(�+ �8�286$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+��1"���	��!;�T��=�#ก�� ก9)$	���%�#
2))��&&1��1"0
:&��+�+-	) 5C�&��@&3�6(�%�#&��/- +1�3.�+��ก.-+�286/- +1�3����-1.�$� 286
$��*�	+ �1�)ก	)��
1ก�� �1�) �%�  @8ก����ก���)�%�7%�7��3 =:3=:��1".+:*�กก��$��*�	+�	;#&�#��
1�1"31
�6�6 �8�0�ก���	ก��ก�6+��ก��#(8	#*�ก(�+&��868��+�+-	)28:��1" 5, 30 286 60 ���1 317%�.3%
2$ก$%�#ก	��1"�6+	)7��3 
!"�3	"� 95%[4] 286317%�7��3&	3�	�
� �%�ก	) -0.348 0.931 286 0.637 
$�38'�+	) @8ก���� 7��6(���#&4�$�2&+#+	#$���#�1" 1. 
 
�����<�G 1. 7%�7��3&	3�	�
� Paired Samples Correlations 
 

ก�� 5�1�) �1�)7��3&	3�	�
� N Correlation Sig. 
Pair 1 �6�6 �8� ก9) 0 ���1 ก	) ��
1 �1�) �%� 36 0.152 0.376 
Pair 2 �6�6 �8� ก9) 5 ���1 ก	) ��
1 �1�) �%� 36 -0.348 0.037 
Pair 3 �6�6 �8� ก9) 10 ���1 ก	) ��
1 �1�) �%� 36 0.053 0.757 
Pair 4 �6�6 �8� ก9) 30 ���1 ก	) ��
1 �1�) �%� 36 0.931 0.000 
Pair 5 �6�6 �8� ก9) 60 ���1 ก	) ��
1 �1�) �%� 36 0.637 0.000 

 
 
 
 
 
 
 
 
 
 
 
 
ก��R<�G 1.  ก�� 5�1�) �1�)7��3&	3�	�
��6(�%�#��
1ก��$��*�	+2))��&&1��1"0
:�6�6 �8� ก9)�	ก��

ก�6+��ก��# 30 ���1 ก%��ก��+'� ���ก�� ก9)$	���%�#ก	)��
1ก��2)) �1�) �%� 
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*�กก����ก���)�%�ก�� ก9)$	���%�#/+��'�ก�� ก9)�	ก���1"�6�6 �8� 30 ���1 0(:@8=�#
7��3&	3�	�
�&�#&�+ +	#ก��t�1" 1. 317%� % duplicate .3% ก���:��86 10 -�"#@%�� ก<P�ก����3�	)[5] *�#�'�
�6�6 �8�+	#ก8%��.50
:0�ก����ก�� �!"�(��6�6 �8�0�ก���	ก��$	���%�#(8	#*�ก ก9)$	���%�# 

@8ก����ก���6�6 �8�0�ก���	ก��ก�6+��ก��#(8	#*�ก ก9)$	���%�#ก%��&ก	++:���;'�ก8	"��1" 
0 5 10 30 286 60 ���1 �)�%�317%�.3%2$ก$%�#ก	��1"�6+	)7��3 
!"�3	"� 95 % 286317%�7��3&	3�	�
� �%�ก	) 
0.958 0.984 0.945 0.854 286 0.773 $�38'�+	) @8ก���� 7��6(�2&+#+	#$���#�1" 2. 286ก��t�1" 2 � 4. 

 
�����<�G 2. 7%�7��3&	3�	�
� Paired Samples Correlations 
 

ก�� 5�1�) �1�)7��3&	3�	�
� N Correlation Sig. 
Pair 1 �6�6 �8� ก9) 0 ���1 ก	) ��
1 �1�) �%� 20 0.958 0.000 
Pair 2 �6�6 �8� ก9) 5 ���1 ก	) ��
1 �1�) �%� 20 0.984 0.000 
Pair 3 �6�6 �8� ก9) 10 ���1 ก	) ��
1 �1�) �%� 20 0.945 0.000 
Pair 4 �6�6 �8� ก9) 30 ���1 ก	) ��
1 �1�) �%� 20 0.854 0.000 
Pair 5 �6�6 �8� ก9) 60 ���1 ก	) ��
1 �1�) �%� 20 0.773 0.000 

 
 
 
 
 
 
 
 
 
 
 
 
 
ก��R<�G 2   ก�� 5�1�) �1�)7��3&	3�	�
��6(�%�#��
1ก��$��*�	+2))��&&1��1"0
:�6�6 �8� ก9)�	ก��

$	���%�#ก%��&ก	++:���;'�ก8	"� 5 ���1 ก	)��
1ก��2)) �1�) �%� 
 

0

100

200

300

400

500

600

0 100 200 300 400 500 600
@8ก��$��*�	+/+���
1ก��2))��&&1� (ppb)

@8
ก�

�$
��

*�
	+/

+�
��


1ก�
� �

1�)
 �

%� (
pp

b)



 10 

 
 
 
 
 
 
 
 
 

 
 
ก��R<�G 3. ก�� 5�1�) �1�)7��3&	3�	�
��6(�%�#��
1ก��$��*�	+2))��&&1��1"0
:�6�6 �8� ก9)�	ก��

$	���%�#ก%��&ก	++:���;'�ก8	"� 0 ���1 (&ก	+�	��1) ก	)��
1ก��2)) �1�) �%� 
 
 
 
 
 
 
 
 
 
 
 
 

ก��R<�G 4. ก�� 5�1�) �1�)7��3&	3�	�
��6(�%�#��
1ก��$��*�	+2))��&&1��1"0
:�6�6 �8� ก9)�	ก��
$	���%�#ก%��&ก	++:���;'�ก8	"� 10 ���1 ก	)��
1ก��2)) �1�) �%� 

 
@8ก����ก�� �!"�(��6�6 �8��1" (3�6&30�ก���	ก��$	���%�#ก%���'�ก��&ก	++:���;'�ก8	"� 

�)�%��6�6 �8��1" (3�6&3�1"&�+7!�  ก9)�	ก��$	���%�# 5 ���1 ก%���1"�'�ก��&ก	++:���;'�ก8	"� -�"#0(:7%�
7��3&	3�	�
�=�#ก���� 7��6(�+:��(8	กก����#&4�$��6(�%�#7%��1"$��*�	+.+:/+���5ก�<�2))��&&1�286
� �
1ก��2)) �1�) �%�317%�7��3&	3�	�
�3�ก�1"&�+ 7!� 317%� �%�ก	) 0.984 ��%�#.�ก9$�3 3!"���*��<�*�ก7%�
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7��3&	3�	�
��1".+: 3!"� 5�1�) �1�)�6�6 �8�0�ก�� ก9)�1" 0 286 10 ���1 317%�7��3&	3�	�
�0��6+	)&�# 
 
%�ก	� 7!�  �%�ก	) 0.958 286 0.945 $�38'�+	) +	#�	;�&�3��4&��5.+:�%��6�6 �8�0�ก�� $�3�;'�ก8	"� �!"�
&ก	+&�3��4�'�.+:0��6�6 �8� 10 ���1 �1"*60(:@8ก���� 7��6(�317��34�ก$:�# 
 &��5ก��(��6�6 �8��1" (3�6&30�ก���	ก��ก�6+��ก��#286ก�� ก9)$	���%�# +	#�1; 

1. 0�ก�� ก9)$	���%�# 3!"��'�ก��(�+&��868��+�+-	))�ก�6+��ก��#(�!� 33 )��28:�
*6$:�#�'�ก�� ก9)�	ก��.�:0�4�#�8�&$�ก�1"5w+&��� �!"�.3%0(:&	3@	&ก	)��ก��0�)����ก�� 5C��6�6 �8� 
30 ���1 *�#�'���ก.5 �!"� ��"3 ก9)$	���%�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� 5C��6�6 �8� 1 
	"�/3# 

2. (8	#*�ก ก9)$	���%�# 5C� �8� 1 
	"�/3# &�9*&�;�28:� �'�ก��&ก	++:���;'�ก8	"�>��0�
�6�6 �8� 10 ���1  �!"�0(:@8=�#ก���� 7��6(�317��34�ก$:�#�1"&�+ �	;#�1;(�ก.3% $�3�;'�ก8	"��	��1$:�# ก9)0&%
4�#�8�&$�ก�1"5w+&��� �!"�.3%0(:&	3@	&ก	)��ก�� 2$% ก9).+:0��6�6 �8�.3% ก�� 10 ���1   

@8ก��$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�3(������8	���
>	?&��&��	��� 
�)�%�7��3 =:3=:��1"$��*�	+.+:317%�7��3 =:3=:����%0�
%�# 13.88 � 139.47 �1�1)1 +	#ก��t�1" 5. )�� �<�1"
�'�ก��$��*�)7��3 =:3=:�&�#&�+ �)�1"(�:���7����1*�P�>� (��7�� 21) -�"# 5C�)�� �<��34���1" 5C�*�+
��#��ก=�#�4�1"��"#��ก��ก3(������8	� 286���%0ก8:ก	)4��&�3 &� &%��7%�$"'�&�+�1"$��*�)7!�)�� �<
(�:���7�� 23 -�"#���%��34�� 2$% 5C�4���1"315��3�<�4*'�����:�� (%�#.ก8*�ก4��/+���)=�#
3(������8	� ��%�#.�ก9$�3@8ก��$��*�	+5��3�<7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+��	#317%�$"'�
ก�%� ก<P�3�$�T�� 7!�317%��:��ก�%� 163 �1�1)1 ��ก7�	;#0�ก��$��*�	+ 

 
 

 
 
 
 
 
 
 
 
 

 
ก��R<�G  5. @8ก��$��*�	+7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�/+���
1ก��2))��&&1�0�
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��CD����ก���������ก���������������ก���������	�ก�� 

��
1ก�� ก9)$	���%�#286$��*�	+ �!"�(�5��3�<7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�
)����ก�� /+���
1ก��2))��&&1�  

1.  $�1�3&�� 731 $�3��
1ก���� 7��6(�  
2. *	+ $�1�3��5ก�<�0�ก�� ก9)$	���%�#2))��&-1�  
3. �'�ก��(�+&��868��+�+-	)-�"# 5C�&��@&3=�#&��/- +1�3.�+��ก.-+� =:3=:� 0.002 /3

8��� 286&��/- +1�3����-1.�$� =:3=:� 1.54 x 10-4 /38���8#)� 33 )��
��+3�ก-� -88�8�/8&5��3�< 3 
3�88�8�$�  ก9)��5ก�<�.�:0�4�#�8�&$�ก�1"5w+&���  

4. ��;#.�: 30 ���1 
5. �'�.5$�+$	;# < $'�2(�%#�1"$:�#ก��$��*�	+  5C�7%� �81"� 1 
	"�/3# (8	#*�ก(�+&��+�+-	)

28:� *+)	���ก �8� ��"3 ก9)$�+$	;# �	+��<(>�3�)����ก��0�=<6�	;� $�+$	;#&�#*�ก�!;� 1.2 � 1.5  3$� 
6.  3!"�7�) �8� 1 
	"�/3# *+)	���ก  �8�(��+ ก9)$	���%�#  ก9)��5ก�<�0&%4�#�8�&$�ก2865w+

&��� �	+��<(>�3�0�)����ก��(8	# ก9)$	���%�# 
7. �'�ก��&ก	++:���;'�ก8	"�>��0��6�6 �8� 10 ���1 (8	#*�ก(��+ ก9)$	���%�# 3!"�7�)

�6�6 �8� 1 
	"�/3#  
8. �'�ก���� 7��6(� �!"�(�5��3�<=�#ก,�-.�/$� *�.+��ก.-+� /+� $�3&��868��.�/+� *�

 5�����ก.-+� &��-	8t���8�.3+� 286&�� �9��1+1 � 286�	+ก��+�+ก8!�2&# ��:�3ก	)�'�ก��t3�$�T�� 
9. 7'���<(�7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� 
=	;�$��ก��7'���<(�7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�+:����
1ก��2))��&&1� +	#�1; 
1. 7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+� *�กก��t3�$�T�� +	#&3ก���1" (4)  
 
         �.. (4) 
 
     3!"�  NO2  7!�  7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� (nmoles/m3) 
 V     7!� 5��3�$��;'�ก8	"��1"0
:&ก	+ (ml) 
 L     7!� �6�67��3���=�#ก��2��% (41.2 m) 
 NO2

- 7!� 7��3 =:3=:�=�#.�.$�$�0�$	���%�# (µM) .+:*�กก��t3�$�T��(�!� 
        &3ก��2&+#7��3&	3�	�
� 
 D     7!� &	35�6&��
��ก��2��%=�#&�� (1.54 x 10-5 m2/s) 
 T     7!�  �6�6 �8�0�ก�� ก9)$	���%�# (s) 

T  x  D
]-[NOV x  x L                      NO 2

2 =
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 2.  7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก��0�(�%���1�1)1 (ppb) �'�.+:
+:��&3ก���1" (5.) 

 

    NO2(ppb) = NO2 x R x T x P x 10-3     �.. (5) 
 

      3!"� NO2(ppb) 7!� 7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� (�1�1)1)  
 NO2 7!� 7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� (nmoles/m3) 
  R    7!� 7%�7#�1"=�#ก,�- (0.0821 L.atm/mol.K) 
  P    7!� 7��3+	�)����ก�� �%�ก	) 1 atm 
  T    7!� ��<(>�3� (K) 
 3. 7'���<(�7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+� 5C�7%� �81"���� 1 
	"�/3# 0�

(�%�� �1�1)1 +:��&3ก���1" (6.) 
 

         NO2 (ppb)   = (0.004 x PS) + 8.652    �.. (6) 
 

     3!"�   NO2 (ppb) 7!� 7��3 =:3=:�=�#ก,�-.�/$� *�0�)����ก��0�(�%���1�1)1 
         PS  7!� 7��3 =:3=:�=�#ก,�-.�/$� *�0�)����ก���1".+:*�กก���� 7��6(�

/+�0
:��5ก�<���&&1�0�(�%���1�1)1 7!� 7%� NO2(ppb) 7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�
)����ก��0�(�%���1�1)1  

7��3 =:3=:�=�#ก,�-.�/$� *�0�)����ก��&�3��4258#(�%�� 5C�(�%��$%�# H $�3�1"
$:�#ก��.+: +	#&3ก���1" (7) � (8) 

 
         .....  (7) 

 
         .....  (8)  
 
       3!"�  C (ppm) 7!� 7��3 =:3=:�=�#&��38�����#��ก�� (ppm)  

       C (ppb) 7!� 7��3 =:3=:�=�#&��38�����#��ก�� (ppb) 
       C (mg/m3) 7!� 7��3 =:3=:�=�#&��38�����#��ก��0�(�%�� (mg/m3) 

  C (µg/m3) 7!� 7��3 =:3=:�=�#&��38�����#��ก��0� (µg/m3)  
       Mp  7!��;'�(�	ก/3 8ก�8=�#&��38�����#��ก���;'�(�	ก/3 8ก�8=�# 

  ก,�-.�/$� *�.+��ก.-+� (NO2)  �%�ก	) 48 

Mp
24.45    x    )m / (mg C          (ppm)  C  3

=

Mp
24.45    x    )m / g( C        (ppb) C  3

µ     =
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��CDOPก���Qก�� 
@8ก����ก���6�6 �8�0�ก�� ก9)�	ก�� 33 )��(8	#*�ก(�+&��868��+�+-	)�)�%�

�6�6 �8�0�ก�� ก9)�	ก�� 30 ���1  5C��6�6 �8��1" (3�6&3�1"&�+  3!"� 5�1�) �1�)@8�1".+:ก	)ก�� ก9)
$	���%�#/+���
1ก��2)) �1�) �%���
1/- +1�3����-1.�$� +:��(8	กก����#&4�$� t � test �)�%�317%�.3%2$ก$%�#
ก	���%�#31�	�&'�7	G 317%�7��3&	3�	�
�&�#ก�%��6�6 �8��!"� H 7!�317%� �%�ก	) 0.931 7%�ก���� 7��6(�-;'�
0(:@87��32$ก$%�#=�#ก���� 7��6(�-;'�.3% ก���:��86 10 -�"# 5C�7%��1"@%�� ก<P���3�	) *�ก�	;��'�@8�1".+:
.5��ก��(��6�6 �8��1" (3�6&30�ก�� ก9)�	ก��$	���%�#(8	#*�ก ก9)$	���%�#ก,�-.�/$� *�.+��ก.-+�
7�) 1 
	"�/3# ก%��ก��&ก	++:���;'�ก8	"� �)�%��6�6 �8��1" (3�6&3�1"&�+7!�  ก9)�	ก��$	���%�# 5 ���1 
ก%���1"�'�ก��&ก	++:���;'�ก8	"� -�"#0(:7%�7��3&	3�	�
�=�#ก���� 7��6(�+:��(8	กก����#&4�$��6(�%�#7%��1"
$��*�	+.+:/+���5ก�<�2))��&&1�286� �
1ก��2)) �1�) �%�317%�7��3&	3�	�
�3�ก�1"&�+ 7!� 317%� �%�ก	) 
0.984 ��%�#.�ก9$�3 3!"���*��<�*�ก7%�7��3&	3�	�
��1".+: �)�%��6�6 �8�0�ก�� ก9)�1" 0 286 10 ���1 31
7%�7��3&	3�	�
�0��6+	)&�# 7!�  �%�ก	) 0.958 286 0.945 $�38'�+	) +	#�	;�&�3��4&��5.+:�%��6�6 �8�
0�ก�� $�3�;'�ก8	"� �!"�&ก	+&�3��4�'�.+:0��6�6 �8� 10 ���1 �1"*60(:@8ก���� 7��6(�317��34�ก$:�# 

@8ก��$��*�	+�)�%�7��3 =:3=:��1"$��*�	+.+:317%�7��3 =:3=:����%0�
%�# 13.88 � 139.47 
�1�1)1 /+�317%�$"'�ก�%� ก<P�3�$�T�� 7!�317%��:��ก�%� 163 �1�1)1 ��ก7�	;#0�ก��$��*�	+ 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

J��<�G 5. &��5=	;�$��ก�� ก9)$	���%�#/+���
1ก��2))��&&1� 

 ก9)$	���%�# 
ก,�-.�/$� *�.+��ก.-+� 1 
	"�/3# 

�'�ก��(�+&��868��+�+-	) 

�'�ก��&ก	++:���;'�ก8	"� 

�� 7��6(�(�5��3�<.�/$� *�.+��ก.-+� /+�ก�� $�3
&�� 731 �'�0(: ก�+&1 286�	+7%�ก��+�+ก8!�2&# 

 ก9)�	ก�� 33 )��(�!�ก�6+��ก��#
.�:0�4�#�8�&$�ก�1"5w+&���  5C�

�6�6�8� 30 ���1 

 ก9)�	ก�� 33 )��(�!�ก�6+��ก��#
.�:0�4�#�8�&$�ก�1"5w+&���  

.+:.3% ก�� 10 ���1 

7'���<(�7��3 =:3=:�=�#ก,�-.�/$� *�.+��ก.-+�0�)����ก�� 
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ก����ก��HD�Eก�� 
=�=�)��67�<&4�)	���*	�286�	s�� 3(������8	���
>	?&��&��	����1".+:&�	)&��� #�����

��*	�0�7�	;#�1;  
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