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�	�� PM10�PM2.5� PM0.1 � � �� � �

� � � ����  ! " � � # $ �� � � � % & �' ( �) * +�, - +. / 0

1 2 3 4 ��5 6 7 8 9 (SA241 Dichotomous PM10/2.5 sampler, : ; Dichot, 

Thermo Fisher Sci. Inc., MA, USA.)�< = * > ? (TSI DustTrak, Model 8520, TSI 

Inc., St. Paul, MN, USA.)�@ A B C 9 (Micro-Orifice Uniform Deposit Impactor, 

MOUDI, Model 110, MSP Corp., St. Paul, USA)��D E F G H � � I ' J K  

(Scanning Mobility Particle Sizer, SMPS�Model 3936, TSI Inc., St. Paul, MN, USA)

L M PM10�PM2.5�N O � � �� � P � QR SMPS�� P S ��3 4 N O � �

�T U � � % & V W X � � Y Z [ �\ ] S N O � � �T U � � ' ^ _�̀ N O

� � �T U � � ' ^ _. a b ) * +. �N O � � T U � � c d�e f �	


g h i j ) * �k l �N O T U � � m n o � 1.3×104 #/cm3p 1.8×104 #/cm3�q

r 2 +k �N O T U � � m n s o � 7.76×103 #/cm3p 4.65×104 #/cm3�t u T U

� � v � 1.78×104 #/cm3�w x � � v � 5×103 #/cm3Q, - +. �N O � � T U

� � c d�e f �y * z i k ��. { | }  ~ }  � y �k l �N O T U � �

m n ' ( o � 4.6×104 #/cm3 p 1.04×105 #/cm3 �� 3.2×104 #/cm3 p 3.15×105 

#/cm3�qr 2 +k �N O T U � � m n s o � 2.82×104 #/cm3p 3.15×105 #/cm3�

t u T U � � v � 9.21×104 #/cm3�w x � � v � 1.5×104 #/cm3Q 

��  	
��. �a � �� � �� � �� � � � # $ �% & A �����

� � � � DustTrak ��� � �� � � � L M � � $ ��� � P ��� � �

DustTrak T � �\ � � �������� � $ � �e � � � Dichot �� P S �

T � � DustTrak � T � L M � � � � � � � a b � ) * + .

47.609.2 −×= dichot 10,dusttrak 10, PMPM (µg/m3) �

01.1256.2 −×= dichot 2.5,dusttrak 2.5, PMPM (µg/m3) � � , - + .
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90.620.1 −×= dichot 10,dusttrak 10, PMPM (µg/m3) �

16.3566.1 −×= dichot 2.5,dusttrak 2.5, PMPM  (µg/ m3)Q�	
��
�	
� � �

� � � � � � � % �� DustTrak �P � � � a b �) * +. � � PM10� PM2.5

� � � � � � � � �� � � � �	
g h   ¡ ) * ¢ �£ $ c d� � ' ( \ ¤ S

7 mg/ m3 � 4 mg/ m3�t u � � ' ( v � 244 µg/ m3 � 171 µg/ m3�w x � � '

( v � 166 µg/ m3 � 110 µg/ m3Q, - +. � � PM10� PM2.5 � � � � � � �

� �� � � � �. { | }  ~ �¥ ¦ �£ $ c d� � ' ( \ ¤ S 10 mg/ m3 � 7 

mg/ m3�t u � � ' ( v � 615 µg/ m3 � 479µg/ m3�w x � � ' ( v � 84 µg/ m3 

� 61 µg/ m3Q�� a b § ¨ © " ª �� PM10� PM2.5 � � � � � � « ¬ ­ ¬ �

® ¯ ������/ ° �, - +. �� PM10� PM2.5�� � � � ® ¯ c ±�²

³ ´µ �¶· �¸ " µ Q 

�� ? ¹ º N O � � �� � � � �» ¼ ½ ¾ ¿ �À � Á Â � �Ã Ä ����

�� � Å 4 MOUDI��� P N O � � �� � � � �Æ Ç � È SMPS�MOUDI

? ¹ º , - +. N O � � �« É Ê � v � 3.0 g /cm3�Ë Ì�Í Î �N O � � «

É Ê � Ï Ð N O � � T U � � ' ^ _�\ �V º N O � � � � � � ' ^ _Q��

 	
g h �� � � � � � �����7 8 �Ñ Ò . Ì�g 	�f F R	
g h

�� $ - Ó H Ô F ¨ �Õ Ö �� È × � $ - Ó H Ô F ��N O � � � � � � ' ^

_�\ �Ø �º 	
g h �t u N O � � T U � � �� � � � � � � �¶. , -

+� � � � c d�	
g h �Ù Ú Û ¢ 
Ü g h �¶N O � � t u � � T U � �

�� � � � � � ' ( � 5.17x104 #/cm3�11.39 µg /m3Q 
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Abstract 

In this research, the exposure level of PM10, PM2.5 and PM0.1 mass concentrations 

to workers in different workplaces was assessed, and the relationship of mass 

concentrations between these three dust fractions was compared. Six locations in the 

lead powder and iron foundry plants were chosen for concentration mapping purpose. 

SA241 Dichotomous PM10/2.5 sampler (Dichot, Thermo Fisher Sci. Inc., MA, 

USA.), TSI DustTrak (Model 8520, TSI Inc., St. Paul, MN, USA.), Micro-Orifice 

Uniform Deposit Impactor (MOUDI, Model 110, MSP Corp., St. Paul, USA) and 

Scanning Mobility Particle Sizer (SMPS, Model 3936, TSI Inc., St. Paul, MN, USA) 

were used to measure the concentrations of PM10, PM2.5 and PM0.1. We used the 

nanoparticle number concentrations measured by SMPS for mapping the particle 

number concentrations. The highest nanoparticle number concentration in the lead 

powder plant was measured in the area where workers bagged the lead powder. This 

concentration was between 1.3×104 #/cm3 to 1.8×104 #/cm3. The nanoparticle number 

concentrations of the whole plant ranged between 7.76×103 #/cm3 to 4.65×104 #/cm3 

with the average of about 1.78×104 #/cm3. The background nanoparticle number 

concentration was about 5×103 #/cm3. The highest nanoparticle number concentration 

in the iron foundry plant was measured in the area where the iron powder was 

recycled and where the iron was melted by the middle frequency furnace. The 

concentrations were between 4.6×104 #/cm3 to 1.04×105 #/cm3 and 3.2×104 #/cm3 to 

3.15×105 #/cm3, respectively. The nanoparticle number concentrations of the whole 

plant ranged between 2.82×104 #/cm3 to 3.15×105 #/cm3 with the average of about 

9.21×104 #/cm3. The background nanoparticle number concentration was about 

1.5×104 #/cm3.  

In order to understand the relationship between particles mass concentrations 
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and the work activities in the workplaces, the DustTrak was used to measure the real 

time particle mass concentrations during long duration in a stationary location. The 

Dichot was also used to measure the particle mass concentrations at the same time at 

the same location for comparing with the data obtained by the DustTrak. In the lead 

powder plant, the relationship is 47.609.2 −×= dichot 10,dusttrak 10, PMPM (µg/m3), 

and 01.1256.2 −×= dichot 2.5,dusttrak 2.5, PMPM (µg/m3). In the iron foundry plant, the 

relationship is 90.620.1 −×= dichot 10,dusttrak 10, PMPM (µg/m3), and 

16.3566.1 −×= dichot 2.5,dusttrak 2.5, PMPM (µg/m3). In the lead powder plant, the results 

measured by DustTrak showed that when workers changed the barrel, the 

instantaneous PM10 and PM2.5 mass concentrations increased significantly to 7 mg/ m3 

and 4 mg/ m3, respectively. The average concentration is 244 µg/ m3 and 171 µg/ m3, 

respectively, and the background concentration is 166 µg/ m3 and 110 µg/ m3, 

respectively. In the iron foundry plant, when the middle frequency furnace opened, 

the instantaneous PM10 and PM2.5 mass concentrations increased significantly to 10 

mg/ m3 and 7 mg/ m3, respectively. The average concentration is 615 µg/ m3 and 479 

µg/ m3, respectively, and the background concentration is 84 µg/ m3 and 61 µg/ m3, 

respectively. The PM10 and PM2.5 mass concentrations were found to be affected by 

the additives in the iron foundry plant. Nodulant affected PM10 and PM2.5 mass 

concentrations more than inoculant.  

For future regulation, nanoparticle personal exposure level was assessed in this 

research. The MOUDI was used to measure the nanoparticle mass concentrations in a 

stationary location of the iron foundry plant. Then the effective density of the 

nanoparticle was calculated from the SMPS and MOUDI data and found to be about 

3.0 g/ cm3. The nanoparticle mass concentration mapping was made from the 



 

 v 

effective density and the number concentration mapping from the SMPS 

measurement. The time-activity of workers was recorded manually during sampling, 

and the average exposure levels of nanoparticle mass concentrations and nanoparticle 

number concentrations to workers were calculated from the time-activity pattern and 

the mapping data. In the iron foundry plant, the worker with the highest exposure 

level was the crane driver whose average exposure levels of nanoparticle number 

concentrations and nanoparticle mass concentrations were found to be 5.17x104 /cm3 

and 11.39 µg /m3, respectively. 
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1.1 	 
 � � 
 � � �	 
 � � 
 � � �	 
 � � 
 � � �	 
 � � 
 � � �  

± 
 ( ) � � �g * � + , 9 - � - W . / �¶ . / �Ò � 0 � � I �± 1 �� �

� � �à 2 3 �W 4 � 5 3 �g * + , 6 7 3 4 q« ���QOberdorster (2001)���

­ 8 �9 : � ; , < N O � � � � = > - W a ? @ A �Ç N O � � � B « �dà 2 3 s

² - W × . / �å � Ã T # � QHarrison et al. (2000)��� C º �� D � � (0.1~2.5 m)�

E F � � (2.5~10 m)� B « � � � � � G D � � (<0.1 m)� �¶à 2 3 ² D � � �

100~1000 H� F � � � 10000 H� . /   ±Q I × N O � � �g * J K E L M �® ¯

N ] �� O P Q R Q 

� % �± 
 . � ( ) � � �	
g h �	
���� � $ S T � � 	
���� �

  ¨ U V W X + , 6 7 L < g * �L q�	
g h � � Y ±� J K . / Q�� Z [ \ �

�P º ] < g * + , 6 7 ^ > 3 � _ � � I m n �� � � � � � �̀ a �� O P bÌ�

DustTrak (Model 8520, TSI Inc., St. Paul, MN, USA.) L M � � � � � c � � P �Ï Ð 5 6

7 8 9 (Dichotomous sampler, : ; Dichot, Model 241, Andersen Inc., Smyrna, Georgia, 

USA.)
�� � 7 8 �� d � Dustrak � PM10� PM2.5 U V I �� � " e � �® ¯ q�

� �7 8 � � f g �Æ Ç � h \ � 10iMOUDI (Model 110, MSP Corp., St. Paul, USA) 

P � � � �� I ' ^ L q] S   � � �� � � � ' ^ � � �R j k � � ' ^ » ¼ � l Á

m n �	 o p � �Ã Ä N Qq qN O � � � . / Ò �   ±� F � � �I × Ñ r O P bÌ

� nanoMOUDI @ A B C 9  (Model 115, MSP Corp., St. Paul, USA) 7 j N O � � ��

� ' ^ � s � È h \ � 10 i MOUDI�\ �
� t � � �N O � � 7 8 �¶u�\�

7 j N O � � � �' ^Ç 8� \�¿ [ v �´ O ' J � w ² ¶ x ��7 8� $ü � Y

�Q y z �\�
 { � $N O � � T U � � ' ^�P �K 9 � TSI model 3936 SMPS 

(scanning mobility particle sizer, D E F G H � � I ' J K �� I m n 2-1000 nm)� | È


 	 
 � �N O � � �� ��c � �P # � �w } Á 
 N O � � �7 8�Ç T U � � '
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^õ ¡ �� �� � ' ^� � ~ S � � # Ê � �� ú �® ¯Q 

�
 Ü L M P � .��  � � ¾ � �
 « É � À ² � 2 å � �	 
 Q X � SMPS�

MOUDI E nanoMOUDI Æ� | È ¿ �	 
 � �N O � � � � 2 g 7 8# � I × �� ]

Î � � # � � ¾ � �� � � � 7 � g 	 � ��f F P � � 	 	 
 � �	 
 3 4 � � T �

$�Æ� È TSI SMPS �	 
 � ��� � 3 4 �
 � v ��P �� � 0 	 
 � � p k l

�N O � � � � ' ^_(mapping)�Ë Ì � N O � � ' ^_�� 	 	 
 3 4 �� $�c

\�? ¹ º 	 
 g h �N O � � 2 g � � �Q 

I �� �« �	 
 � �L M N O � � � � ��P � � � ±��g � � � � ���  

N O � � � 2 g � � � � ' ^� � �� � � � � � �� � � � L M TSI SMPS �

nanoMOUDI�7 8��P �� � l PM10�PM2.5� PM0.1 ! " � � # $� �� � % &�

� � � ½ L M N O � � � � �P �	 
 � ��\Ì � × % & N L M � � �� � Q 
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 X � 	 
 g h �	 
 � � U V I � � q� + , 6 7 ~ S . / � I × � � � � � �

SMPS�MOUDI�nanoMOUDI�DustrakE Dichot��  	 
 � �. PM2.5�PM10�N

O � � �� �� � �� I ' ^�q q� � K 9 �	 
 � � PM2.5�PM10�N O � � ��
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� �� � 7 8b � ¿ � � �Ý ç z è Q 
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X � � « | � �2 g � � � � K 9 �U ã é � � N O � � � � P �u �� � t � F

�P �f F �� QKuhlbusch and Fissan (2005) � � ! 2 � � � � +(Carbon black) # �
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 � �P � & � � I �<10nm~500nm # � � � � # ! " � � �� � a b 1 �
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 H � I # � � Y � �� « �� � � �   d 	 # 	 
 � � ¡ « ` a <100nm # G

D � � ¢ ���* * £ ¤ k s « F � � � � # ¥ ¨ Q 

Peters and Heitbrink (2005)�� 2 � � ¦ § 	 +�¨ 	 � ¨ ¤ k L M p k l ���

� � �� I ' ^P ��Æð 
 W � $�� � ' ^_( ; � concentration mapping)�� � a

b © Ù � � � � 
 * ª « ¨ � 9 (gas-fired heater) � � ±�� N O � � ��

CPC(condensation particle counter) P ] # � � >1,000,000 p/ccQ 

Mohlmann (2005) a à BGIA ( ¬ ­ � 	 o p ® � � ��)�� � 	 
 � ��N O �

� � I ' ^�� � P �� � �� � l ' ÷ ¯ QU ã a b < = e ° ± ¸ �PVC ² # � �


 ý ¸ ��� ³ ´ µ ─ ¶ A 
 * ± ¸ X
 Ü # N O � � � � % d Q� · � ��� � ��

� � � �P K 9 Y a � £ ¸ Dekati G 
 ¹ º B C 9 (ELPI�electrical low pressure 

impactor)�SMPS ( » D G H � � � ' J K �scanning mobility particle sizer)�a i B C 9

XQ 
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D’ArcyXg (2005) s � ¼ Ú 	 +� 15 2 	 
 � �L M � � � ��à 2 3 �T U �

� # ' ^P ��� � # K 9 � APS( 
 H � I P � K )�SMPS�MOUDI(multi-orifice 

uniform deposit impactor a � ½ u ¾ ¿ 3 B C 9 )�P-trak(TSI À Á �ª Â Ã » F CPC)X�

� � a b � � Ú * ± ¸ EÄ � Ô B , - (die cast) # N O � � (<100nm)� D � � ( <1 µm)

# � � � � c d �� � 	 
 � �.�N O � � (<100nm) � �� � � 0.02~0.1 mg/m3�q

Å � �� 0.08~1.1 mg/ m3(VMD=440~10,000nm)� ¿ 3 � + , 6 7 # · � O � � �

0.007~0.058 mg/m3�� � T U � � � 9,000~380,000 1/cm3$(NMD=42~160nm)�à 2 3

� � � 460~12,000µm2/ m3(SMD=130~490nm)Q 

�� u � t � ��7 8� � �w ² Æ � « 2 g �� � � � T � Q2 g � � � � f F

\' � Ç " È� ¸ �� � f Á (direct assessment methods)�$¸ �� � f Á (indirect 

assessment methods)�� ¸ �� � f Á c ² �2 g � � É P 9 (personal monitor) � ¸ Ê Ë

� ~ Ì P + , Í (breathing zone) L M T 1 � Î T Ù # 7 8� � ¸ �× Ø � 2 g � � �Q

$¸ �� � f Á A � � $- Ó H Ô F Õ Ö ��� ? 2 g �� � � L M (microenvironment)

# � � � $� { �q [� È Ï L M .� ��P �] # Ð Ñ © � � N �¾ $¸ Ø � 2 g �

� Ð Ñ © # Å � � �Q 

w ² U ã I � � « 2 g �N O � � 7 89 ��P 9 �I × � ¸ � � f Á Æ� \M �

� � � $¸ � � f Á ¡ M Q Ò Z � � 2 g � $- Ó H Ô F  (Time-Activity Pattern) Ó Ô

ÕLeaderer X, 1993Ö��] S � $- Ó H Ô F Õ Ö �q [� È � 	 
 � �� L M � ��

P �] # Ð Ñ © � � N �s \�$¸ Ø � 2 g � � Ð Ñ © # Å � � ��¶� A � # À F

ÕOtt, 1985Ö× � È 

ij
j

ji TC∑=E  (2.1) 

¶.�Ei Ci 2 g �� � � $
 # Å � � N (integrated exposure)�Cj C � L M j # Ð Ñ

© � � �Tij Ci 2 g � T � � L M j # � $�j Ci 2 g �� � � $
 � � T # � L M

Å T Q 
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2.2 � �� �� �� � PM2.5



 PM10 � � � � � �� � � � � �� � � � � �� � � � � �  

Michaels (1997)C º � ` 1952 Ø � Ù Ú Û � � a � �� 
 .�� � � � Ü Ý W � O

P Þ � ��å �QÑ r �� �� Å ( ) � � (TSP)�� �Ü Ý L ß S à á k * > (â 0 


H � I 10µm � � �� � �ª Â ± 
 � PM10)�\ + , A * > (â 0 
 H � I 4µm � �

�� � )�± 
 � PM2.5��� � ��¬ å �N O � � Q 

I �� � � g * � . / � ã ¬ � � à 2 3 ¥ ¨ q ¥ ¨ �	 
 � ��N O � � � � ä

å d � � æ � ç 
 z � 
 �I × �� � m 	 
 � �g h � J K �N O � � � � ��� �

Í þ ² è � U é � ê ë �q qÍ þ � � PM10�PM2.5X� � � � g * J K ¢ �¬ ì å í

î � ï Þ ��� � ð 	 
 � �L M N O � � � � � � �� � �� � PM10� PM2.5��

� �P ñ ò � Z ó ô Q 

 W X : õ � � 
 f Á �DustTrak Z [ ö V ��{ � $
 �P S � � � PM10Î PM2.5

å �� � �ÆÇ Z [ ] S c � �� � ñ ´ ' ÷ � ÷ I � DustTrak � 1 ø ö b �w � ù

� ú \� � 
 2 g 7 89 �u��� � �Ì � DustTrak�7 8�� $
 p Ò �P PM2.5

� PM10�å �� � c � ñ ´ Q 

Ä û S Michaels � Kleinman (2000)�» º { � $
 �* > å �� � g * �®

¯� W X PM2.5� PM10 å �� � c � ñ ´ _�� � � ü 0 ¶.� 1 1 � ? ¹ º { � $

�t u � � � � �ÆÇ R h 	 �	 
 � � �* > � � �c � ñ ´ L M � % �\� ý � º

® ¯* > � � � � � � � � & I Q 

�� ? ¹ 	 
 � �
 h 	 �� � � � �� � � þ É Peters et al. (2005) Ì � Z [ c �

�P � � � � �K 9 ( � � ��� � ¾ �P � � c � � � �K 9 � DustTrak� SMPS)�

�	 
 � �
 � � � @ ��P � � � I �� � � � �ÆÇ � W � � ' ^_Q 
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� Kim et al. (2004)C º � � DustTrak 
 ��P 	 B � � I �Ì � " e & � �P * >

� � �I × � I * > � _ A � � q � � � � � � N �× * > �� I ' ^�, e Z � ��

ú �� " e &T X�u � ® ¯* > � " e �Q� Ramachandran et al. (2003) ÷ » S L M

. B « � � �� � � � � �� � Ì � " e & � ¾ �P * > å �� � �K 9 ÷ � « ¬ � �

�® ¯Q  

� È �� �Ý ç z è \�a b �X � U ã Æ � « | � �N O � � 2 g 7 89 �I × �

� ��	 
 � �� � TSI SMPS � 0 N O � � � � T U ' ^_�Ï Ð MOUDI � ¹ º N

O � � �« É Ê � [�� È � $- Ó H Ô F �? ¹ 	 
 g h �N O � � 2 g � � �QÆ

Ç Ì � Dichot� DustTrak�P 
 Ü � �
 PM10� PM2.5�å �� � ��  PM10�PM2.5

�� PM 0.1 # $�% &Q 

Q
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� �� �� �� � ! " # $! " # $! " # $! " # $  

� � �R � � Dichot�Dustrak�MOUDIE nanoMOUDI L M 	 
 � �.�N O �

� L M b � 7 8�q [R i j S �N O � � ��� �Ù t � å ] S N O � � å �� � �

�Ì � SMPS �  	 
 � �.N O � � �� I ' ^�	 
 g h �� � T � Q 

3.1 % & � '% & � '% & � '% & � ' PM10((((PM2.5 ) � � � � * + , -) � � � � * + , -) � � � � * + , -) � � � � * + , -  

� � �` 06092006 � p 10262006��) * +ÕA+Ö�, - +ÕB+Ö L M a ·

7 8�7 8Ñ Ò � � � DustTrak�Dichot�SMPS�MOUDI � nano-MOUDI XK 9 L

M c � Î g 	 ��P �ÆØ � 
 Ü g h �é Ü � � � � Q� D �7 8� $��� � � 	


 
 U × à 3.1 � 8 �� · 7 8� DustTrak�SMPS�MOUDI � nano-MOUDI XK 9

� p Ò 7 8�q Dichot s � ' � 1~6 2 $ 
 � � �ÆÇ �7 8�Ñ Ò . � Ö Dichot �

7 8� ${ ; �� b [ v � � E� � F 	 
 × DustTrak��P � � � � 
 � % Q 

  A+
 Ü Ò � £ � ý ) ~ �) � � � � �) � � � 	�) � » � 	�) * ð - 	�

) * � � 	�ô õ ö º ÷ �A+
 Ü � �ð Ò ^4 _ × _ 3.1� 8 �¶
 Ü � Ò � � R

� � � � �) û � < ý ) ~ ��ý ) ~ .ý W � � � v �) � �þ Ñ ) � � � � � �

[��) � � � 	 R ) � � W � 1 û � 1 û �) * û �Ë þ Ñ ) � » � 	 R ) * û � �

p) * � 	 
 �� ) * û �) * � 	 
 � � W * �Æ X ) * � � 	 J º [ X ô õ ö º ÷

� < ) * ¢ Î£ ¤ � �¢ ¤ Î£ ¤ [Ì � 	 
 Ú � � p ¢ Å k Q
 Ü � �� � � � ! "

� �ô õ ö º ÷ £ ¤ k �� k �� � ! " � Q 

B +
 Ü � Ò � � R � y � � y X & ÷ � < .{ | ý  ~ ( t � Ç � � 
 Ç � m

�)�Ì � G � a � R ¶ý  �y � �Ë R y � � , W � �, � þ Ñ  � 
 Ü k � � [�

Ë  � p ! H ' Ô 	�R , " �, � ' # �' Ô [�� $ % s W �, y & ' � z .{ ý

 | ~ ( v ) � QB+7 8k l � * y �ý  � � , 
 Ü k � Ï 
 Ü k �Ò � £ � & ÷
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Ð ÷ Õ � y � � y �, y & ' XÖ�.{ | ý  ~ d � ý } �� + " �	 , � H - Ô �

È Ô �� , �, Ô � � XÒ � �Ï 
 Ü Ì � Ù Ú Û ¢ R d � ý } y � - � S � , k L M

� , 
 Ü �Ï � �N O � � �� � ! " � ¾ � � R d � ý } y � � ý  ~ �  pÛ ¢ �


 Ü �[ v R Û ¢ 
 �} ý y � �  p � , k . ¢ ¢ 
 Ü QB+
 Ü � �ð Ò ^4 _ ×

_3.2� 8 Q 

� � �7 � Dichot� DustTrak 7 j 	 
 � �.� PM2.5� PM10 � � QDichot 7 8

9 / ' �1 ± > ' Èp f 3 � 
 0 < ø �1 � B C 2 �Ç 2 37mm� � ² 3 4 2 �! 5

3 4 6 � Ç 2 ) 7 � �? �� 8 � 9 ¤ �� 	 ? � � 16.67� 1.67 lpm� � 
 � � � �

\R ( ) � � ' I � F � � � D � � QÌ � � : À F \¹ º PM2.5� PM10�� � È 

tQ

M
C

f

f
f

×
=  Õ3.1Ö 

tQ

tQCM
C

t

cfc
c

×

××−
=  Õ3.2Ö 

¶. Cf� PM2.5�å �� � Õµg/ m3Ö�Cc� PM2.5~ PM10�å �� � Õµg/ m3Ö�Mf�

Dichot�i j S D � � �å �ÕµgÖ�Mc� Dichot�i j S F � � �å �ÕµgÖ�Qf�

ü Ñ D � � i j � ² � � 
 � �ÕlpmÖ�Qc�ü Ñ F � � i j � ² � � 
 � �ÕlpmÖ�

Qt = Qc + Qf�t �7 8� $Q 

Dichot�� � � � ² � � å ' J # � �� R � ² 4 � ; < = . Ó � �Æ� � �� >

� ? � ² 
 � h \ @ Ô � ² Q�� ¨ � ² � å # ã � � R L M � A � � À �

RH=40±5%�T=21.5±1.5B�� C � � ² , i � 
 � D E � ¡ Z \ � � ] * > å ���

¨ � ² � F [Æ ã 	 / 0 ¶.� > � ² 
 å G � å ê ë Q Ò h \ � ? � ² å � H g I

±�s � å J d � Ù t � S È K h \ ¡ ( v � å Q 

DustTrak ² � " L Í f b � � 
 : õ �K 9 ��
 4 
 M R 
 0 � � , < e O ç

.�Ì � É P � � 90 � � 5 e " = & � \�P ( ) � � � Å " e N � �DustTrak\�
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� �c � �P PM1�PM2.5�\ + , A * > �PM10�å �� � ��  { � $
 � � ��

� ñ ´ Q q qÌ � " e ��P � � � �� � �K 9 � � ~ S � � _ A � L M � � �®

¯� I × �� � DustTrak j f b �K 9 # ã � ò O � þ Ñ P Q q R D � d � Q× K 9

\�P �� � m n � 0.001 ~ 100 mg/m3 �� I m n � 0.1~10µm� � 
 � �\o � 1.4

p 2.4 lpmÕ � � � � � 	 � � 1.7 lpmÖ� | � � 7 8 L M � � 0~50BQ 

TSI SMPS \P �� I m n 10-1000 nm�| È 
 	 
 � �N O � � �� ��c � �

P # � Q� � ��� � � SMPS 6 7 £ � TSI 3081 DMA�TSI 3022 CPC� X � 	 
 �

�N O � � � � �� � � S í å �# � � I × SMPS� � 
 � � 	 � � Sheath flow 15 

L/min�Aerosol flow 1.5L/min� » D m n X 5.83 nm p 228.8 nm�� · » D � $� 135

TQ� · �/ ° �	 
 � � £ � ) * +�, - +�X � , - +	 
 L M � � % d �� U

V CPC } Á � � � 
 �� � �7 � C n W R SMPS £ ��� � � - H F � 
 	 » ¼ ¹

�� 
 
 � � � � 
 �� C n W 
 � CPC\� X Y � � � 
 Q 

� / � �	 
 � �� Dichot�DustTrak�SMPS�MOUDI� nano-MOUDI ¿ � �7

8�× _ 3.1 #1� h 8 3 4 �_ 3.2 stationary� h 8 3 4 �� b S í 
 Ü � � ( ) � �

� _ Z �Æ [ _ \ º nano-MOUDI N O � � � �� � � TSI SMPS T U � � # $�%

&�� b L � � Ø � � 	 2 g N O � � � Å � � � �� � Q 

 

 

3.2 � � � � . / � � � � - 0 � 1 # $� � � � . / � � � � - 0 � 1 # $� � � � . / � � � � - 0 � 1 # $� � � � . / � � � � - 0 � 1 # $  

MSP MOUDI� naon MOUDIÕ× ã � � Öb � 7 8�] T � �� R � 
 H � � I

õ ¡ W � � - H X� � I Õmobility equivalent diameterÖ� b E TSI SMPS ¿ � % Q 

- H X� � I � * 3 X� � I �% &\ X G - H � Õelectrical mobilityÖZp�� ]

^ ] È 
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me

me

ve

ve

d
neC

d
neC

πηπηχ 33
Zp ==  Õ3.3Ö 

ve

me

C
C χ

veme dd =  Õ3.4Ö 

¶. _ ` a d � &T È 




 


−++= λ
γβαλ
2

exp
2

1
d

d
C  Õ3.5Ö 

× ) dve ² * 3 X� � I �dme ² - H X� � I �Cme ² � * 3 X� � I � � _ ` a d �

&T �Cme ² � - H X� � I � � _ ` a d � &T �� ² H � � ú I 7 Õdynamic shape 

factorÖÕHinds, 1999ÖQ� t * � � qä =1.142� � =0.558� � =0.� 999�� � b � � q

ä =1.207� � =0.440� � =0.596� Q 

   y z � c � c d 5 � e � �� ] � � 
 H � � I � * 3 X� � I �% & × � F È 

a

vep

C

C

0
vea dd

χρ
ρ

=  Õ3.6Ö 

× ) da ² � 
 H � � I �Ca ² � � 
 H � � I � � _ ` a d � &T ��p ² � � ¨ W �

8 ê Ê � ��0 ² õ 3 Ê � Q 

    � 
 H � � I � * 3 X� � I � - H X� � I # $�% &à 8 W ÕKasper, 1982ÖÈ 

memeeffve
p

a CdCC 22
ve

2
a0 dd ρ

χ
ρ

ρ ==  Õ3.7Ö 

× ) �eff�« É Ê � �¶� ] �È 

3

3
ved

me
peff d

ρρ =  Õ3.8Ö 

c [�N O � � �� �� � \à 8 W È 
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3
ve

3 d
66 pmeeff NdNm ρπρπ
==  Õ3.9Ö 

¶.�N �T U � �� m ��� � �QX�
 Ü ��N O � ��«É Ê �} Á X 7 8

Ñ Ò ^ ] �I × �� � � . O X TSI SMPS�MSP naon MOUDI ¿ � % [�^ ] � ��

«É Ê ��effQË c Ï «É Ê �Ø � 
 Ü ��N O � ���� � �'�Q 
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à 3.1 7 8 ��$ �e � 

�$  � � K 9  
f ;  

¥ �  � g  A B C D E 

06092006 10:00 13:40 « « « } } 

08242006 11:00 15:10 « « « « } 

10172006 10:00 16:20 « « } « « 

A+ 

10242006 08:30 14:40 « « } « « 

09072006 09:50 13:10 « « « « } 

10122006 12:40 15:50 « « } } } 

10192006 11:00 15:40 « « « « « 
B+ 

10262006 09:00 16:00 « « « « « 

� 1�A � � DustTrak�B � � Dichot�C � � SMPS�D � � MOUDI�E � � nano-MOUDI 
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 Ü ��ð Ò ^ 4 _
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������������ � � � � �� � � � �� � � � �� � � � �  

4.1 	 
 � �	 
 � �	 
 � �	 
 � � PM10



PM2.5 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

A����	 
 � �	 
 � �	 
 � �	 
 � � PM10



PM2.5 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

A+
 Ü ��ð Ò ^ 4 _×_3.1�8�� t � �7 8 �^ ] DustTrak�Dichot PM10

�PM2.5 � ��å � � �×à4.1�8Q 

Xà4.1\� h º Dichot�A+�� P � � i � � j Ù�� P S �ã Ç k T �

Õ06092006�08242006ÖzPM10�� �m n o �158.89 µg/m3 p288.10µg/m3 # $ QPM2.5

�� �m n o �108.06µg/m3 p136.60µg/m3 # $ Q j Ù�� P S �PM10�PM2.5 � � f

¹ � & I ² � � l z m í � � ± �� � Q 

XDustTrak�P ] PM10�PM2.5 � �u % Dichot�� ] � � f d�×_4.1�4.2�8�

i � 10242006�T � zDustTrak/Dichot PM2.5�� N o �2~3 # $ �q DustTrak/Dichot 

PM10�� N s o �1.5~2.5 # $ Q 

�10242006 DustTrak/Dichot � N å d�¶ n 7 8 �� � & I � Ï +Í þ 24 1 � �

v � � e � � � 7ÙÕ × " � � �¶ n 7 8 f ; ú � � � Ö��� � � � .�) û U V o

t � � �� � � � } Á � M �× �	 
 g h ò O Ã H � � 	 , � M �Æ Ç ¨ � ) � Q�

� � p j " ú � �a� q r � Ï +h 	 � � 
 	 , � � � � 
 � � � � ¹ � � � � �

��� � 	 +
 > B « % d��� � ��Lq® ¯ � DustTrak � � �� ��� P Q 

A+ PM2.5�PM10�% & ×_4.3�8�X�� \^ Î A+. F � �� D � ��� s

v�4È6� Ç P $ �% & F �È 63.146.0 105.2 +×= PMPM Q  

I �10242006�7 8 L M � � t �¶ n f ; �7 8 � I × R10242006�T � u i

[�  Dichot�DustTrak Ç P �� P PM10 å � � � $ � % & ×_4.4�¶% & F �

47.609.2 −×= DichotDustTrak ��% & T 0.93QqDichot�DustTrak Ç P �� P PM2.5
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å � � �$ �% & ×_4.5�¶% & F � 01.1256.2 −×= DichotDustTrak ��% & T �

0.92Q 

DustTrak�A+�� P PM10�PM2.5� c �� �×_4.6(a)p(c)�_4.7(a)p(c)�Æ Ç

RPM10�PM2.5 c ��� �ñ ´���7 8 ��Õ Ö �h 	 	 
 � Ö à�	 +
 Ü � �

� Ö LM � % Qab� Ï +� � � �± v ��� �� � & I « Ç 2 �� 2 ² ) * ¢ ¤ w

� ¤ ù ��h 	 � Ì � y x ö ó ô õ ö º ÷ ø �) * ¢ �U �² y ¢ 7 
 �) * Z u ¾

z { �� G º ¢ 2 �) * % �t | �×_4.8(a)-(b)�× �DustTrak� É P S �PM10�PM2.5

* > � � � } e �� �£ $ c d� �\¤5 ~ 7 mg/ m3� j " � � �a� q r t � �v

�10~15' ~ � º b� · �� · v Y v 5~10'~ ( � ã ¬ h 	 �	 
 � @ q � ñ ) �� �

� � d � ; �a� �q� j " � � a� [�h 	   ¡ J �) * ¢ �× � I J �) * ¢ 


�) * � t 2 % ¹ �) * � V ! " �I × � «� � �$ � ¹ * > � ��� S � t 2 Ü Ý

�� �� � � ·   ¡ ) * ¢ �� �Ë · ¤S d � Qq y z � 2 & I s ² � 	 , � 
 � �

�$ [�) û U V I o t q � � � � � � ��� C � ) û I � �Ñ dq � � � � � �

��h 	 � Ì � 
 Û 9 � � � � ì � 
 º ± � Û 
 ¾ � � ) û w e � � �×_

4.9(a)-(b)�× �DustTrak� É P S �PM10�PM2.5 * > � � � } e �� �£ $ c d� �\

¤2 ~ 3 mg/ m3� j " � � �a� q r � t � � Y v ��$ ü � ÷ % { Q 

� 	 , � 
 � � �$ [�\ Z � I � � � � �) û o t � � � � ��� � � � � �

} Á ( v � 
 �× �	 
 g h � Ã H � 	 Æ ¨ � � � �Î ) * � 	 
 � � �Ñ d�ò O

� � � � � 
 y � 	 
 � � � � ¹ �Ë ( v � � �×_4.10(a)-( b)Q× ª ú � � � � ;

a� q� � 
 Ü ��* > � � � ¹ Q08242006�10172006 PM10�PM2.5�� �ñ ´ � �

Â � �d� �� ¹ � � � ã ¬ t � �� � «Â � � � � �q10242006 � Ù�b� L M X

� � � · T q � �� � + 
 � � A � å d�08242006�10172006� � ¸ � ® ¯ �

DustTrak�� P S �* > å � � ��� w � � c �� �ñ ´_.� ��ñ ´ � � �÷ �

10242006 DustTrakd� * > å � � ��� � å å % 08242006�10172006 ì å Q 
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'( �1 2 7 8 �
 SMPSb� - H 7 8 �� 2 7 8 �7 8 Ç · Q_4.11�b�7

8 
 Ü � � ��] 100nmÕ - H X� � I Ö� � N O � �T U � �Õ#/cm3Ö×à4.2�

8Q 

R�] T U � �Õ#/cm3Ö�Surfer � * LM X� �Y Z? ¹ ��] �� ×_4.12 

(a)-(b)Q_4.12(a)�A+
 Ü ��06092006 7 8 �N O � �T U � �'�_�_4.12(b)

�08242006 7 8 �N O � �T U � �'�_�X_4.12(a)-(b)\ h º �ô õ ö º ÷ ) �

� � �c d�q [ � ì 2 � f ! " QÏ ��
 Ü � � � � �I × Ç · �7 8 �� Y ¸ � Q

08242006 � ��¸ � ! " � � � ê � � �� �$ 7 8 �100nm� � N O � �T U � �7

8 ��� ×_4.13�8�Ï � �7 8 �� ­ 8 T U � � � ã b�
 Ü ú � qñ H �� �

vo �7.76×103 #/cm3p4.65×104 #/cm3�t u � �v�1.78×104 #/cm3QX � �'�_\

Î i � ! " � � � z�+
 N O � �� �Æ � d�̧ � l z�P ] � ��j \ Z ² Ï �

�� � ¥ Å F � $ �z � � 
 U V � < ç 
 �- W � 
 � � b � % ­ ¬ Q 

 

B����	 
 � �	 
 � �	 
 � �	 
 � � PM10



PM2.5 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

B+
 Ü ��ð Ò ^ 4 _×_ 3.2�8�� t � �7 8 �^ ] DustTrak� Dichot 

PM10� PM2.5 � ��å � � �×à 4.3�8Q 

B+�� � � � � � % �� � �.{ | ý  ~ � < � � � s � & ÷ ��Ry � � ,

W � �Ñ Ò . ÷ � I � % � � � q§ ¨ � � �§ ¨ © �I × �, y +�� P �� �� �

} î ² PM10�PM2.5 � � ã b�� � � � � � q«­ ¬ �ñ ´Q� % �A+� õ � �B+

} î � & ÷ �§ ¨ © ��� � Z��ñ ´ � % ± ���  7 8 T � � j k ñ ´ I   ��

% A ��B+7 8 � Ï +�� � � & ÷ �§ ¨ © X ' ÷ ×à4.4�8Q 

à4.4. ' ÷ A� � y �B� � y �C� & ' �§ ¨ © D� " ¡ (Core)�E�¸ " µ
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(inoculant)�F�³ ´µ (nodulant)Q� % à4.3�à4.4\� ¢ £ º § ¨ © � �* > A ��

� ��® ¯ % & ÷ ¨ W � ¤ '� ¾ �± �� �PM10�PM2.5 � �® ¯ c ± �² ³ ´µ �

«§ ¨ ³ ´µ ��* > � � ¥ ­ % � «§ ¨ ³ ´µ ��* > � �dQ¶· � �PM2.5�

PM10 � �® ¯ c ± �² ¸ " µ �� % � «§ ¨ ³ ´µ �T � �\�abPM10�PM2.5�

� � � ã ¬ ¸ " µ �å � ¤ '� � dq» � Q 

Xà4.3\ h º PM10 DustTrak/ Dichot�� N o �0.5~2 # $ �PM2.5 DustTrak/ Dichot

�� N s o �1~1.8 # $ QDichot�DustTrak � P �PM10 å � � �% & ×_4.14� Ç P �

% & F � 90.620.1 −×= DichotDustTrak ��% & T �0.79QDichot�DustTrak � P �

PM2.5 å � � �% & ×_4.15�Ç P �% & F � 16.3566.1 −×= DichotDustTrak ��% &

T �0.96Q�PM2.5��% & T �� �PM10��% & T å ¹ �PM2.5��% & T �\ ¦ B

+.� � � � �§ ¨ © � � F � ��� �A �® ¯ ± � D � �Q 

�� L� � �  § ¨ © � � F � �� D � ��® ¯ ��Dichot � P �PM10�PM2.5

� å � � � Ç P � % & ×_ 4.16� 8 � PM10� PM2.5� ] S � % & F �

71.6365.0 105.2 +×= PMPM ��% & T �0.96�PM10�PM2.5�% & T � � �d�\ ¦ §

y +.� � � � �§ ¨ © � ® ¯ F � �� " e A ��I × � �DustTrak � P F � ���

� � � % ± �® ¯ Q 

� DustTrak 
 � � c �� �ñ ´P � ��7 8 ��Õ Ö �h 	 	 
 � Ö �	 +a

� � � ú � � Ö �\�ab ¨ � * > � ��� �� � & I «R & ÷ � < .{ | ý  ~ �

.{ | ý  ~ �  y � �y ¢ �y ¢ �  y � � � , W � 
 Ü k �	 
 Ú þ Ñ �h 	 r

i y � .�y © �h 	 Ì � d º � 
 � � � , W � k ��R, " z i p + ª k X � « Q

�� � � ^ 2 � � � �* > � ��® ¯ �� ^ 2 � � a� ��Ì � DustTrak � ¬ # �

� a� ) v 5 À ­ ) �� �� � � � � ¦ � �* > � �ñ ´LM ® z� � Ö �þ Xj k

� Ö ï Þ \�ab� �* > � �» d�® ¯ �R & ÷ � < .{ | ý  ~ >h 	 r i y �

.�y © >.{ | ý  ~ �  y � �y ¢ >y ¢ �  y � � � , W � 
 Ü k �¶.R &
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÷ � < .{ | ý  ~ �.{ | ý  ~ �  y � �y ¢ �y ¢ �  y � � � , W � 
 Ü k

X� � � �* > � ��® ¯ ¯ a� �¥ � � 5~10 T�# [ b é é � � � c � r 2 � �

Y v � 5~10' ~ �÷ ¯ «¥ � � 5~10 T � �* > � �« ¥ ­ �® ¯ Q¶ n �� � � ~

S �e w x N �® ¯ �° ² 	 
 Ú þ Ñ � ~ S e 2 * > � �® ¯ �, " z i p + ª k �

~ S z i � �® ¯ XQ 

� � �� � � � � * > � �� � � «¬ � � �Â � � j ² I �	 +t u �10~15'

~ LM � · � , W � �
 Ü �q� · � , W � �
 Ü � ã ¬ t � · T �y � � � �& ÷

� < .{ | ý  ~ � $ ± �$ ÷ � � t � Q°10122006�� P PM10�PM2.5Õ×_

4.17(a)-(b)Ö�10192006�� P PM10�PM2.5Õ×_4.18(a)-(b)Ö�_ � | � | ² �$ ±

�$ � � Â � Q 

09072006 7 8 ��� Ù ³ �LM , Ô �� � ÷ P Ì � � J �� � Z�	 
 Ú �M ´

q � ��� J � � Z� � ã � � � �± v ��® ¯ � DustTrak�� P S � �� ��ñ

´� � S . µ Ñ [� � � P Ì � � Z�� �ñ ´ ¡ ¶ � � � �×_4.19(a)-(b)�8Q�

10262006 7 8 ��� Ù� � 
 Ü . a · º b 	 , · ¸ �� ] � ¹ º � � Ç � � � �� �

Z��� » ¼ � 	 ��L�� � þ « Ç � � � Z� � � 
 �� � ��$ ± v² 11È30

p13È00�÷ � þ º b � , W � 
 Ü k � � , ø � � �� � ½ ¾ ì ) ! " �×_4.20(a)-(b)

�8Q 

¿ '( �1 2 7 8 �
 SMPSb�7 8 �� 2 7 8 �7 8 Ç · Q_4.21�b�7 8


 Ü � � �Ï 
 Ü ��¸ � .{ | ý  ~ k � � , k ç 
 � � % d�� � � 7 � C n W

RSMPS £ � �� �� - H F � 
 	 » ¼ ¹ � � 
 
 � � � � 
 �� C n W 
 �CPC\

� X Y � � � 
 Q 

�] 100nm� � N O � �T U � �Õ#/cm3Ö×à4.5�8�XSurfer � * �Ø � �T

U � �XY Z_×_4.22(a)-(d)Q_4.22(a)-(c)'( �09072006�10192006�10262006L
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M b�7 8 �] �100nm� � N O � �T U � �'�_��B+X�� À pì À .{ |

ý  ~ Á � ¥ ~ �  y � �I × � Â � .{ | ý  ~ ~ k � � 7 8 �#2�#3�#4 N O �

�T U � � f dQy z Â � 7 8 �#5 � � X� � 
 % � � ü �U V Ã 3 � �� � � � f

dQ7 8 �#6 � � % ¹ � & I � Ï ) ¸ � l z ü 6 �ü í $ Ä QÏ +
 Ü �� I � · 7

8 ��
 Ü � � � Å �� �09072006 7 8 �X á � � � � ZLM � � 
 Ü �10192006

7 8 �X á æ � � � ZLM � � 
 Ü �q10262006 7 8 �«¸ � ì '# ! �$ X á � �

� � ZLM � � 
 Ü �y vì '# � �$ s X á æ � � � ZLM � � 
 Ü Qi × # z�

� � & ÷ �§ ¨ �³ ´µ �¸ " µ � ¨ W ¿ � �� QI × �P ] �100nm� � N O � �

T U � �'�_ñ ´ % ± Q 

09072006�10192006�10262006 7 8 b�100nm� � N O � �T U � �� t � ��

�$ 7 8 ��� '( ×_4.23(a)-(c)�8�N O � �� � ¾ � � ´ µ d � ý } � 
 � o

��T U � � � ã b�
 Ü ú � qñ H �� �ñ H m n Æ dQ�09072006 7 8 qä �×

_4.23(a)�8100nm� � N O � �T U � �vo �2.31×104 #/cm3p2.96×105 #/cm3�t u

� �v�9.21×104 #/cm3Q£ $ � �� d & I � � ¾ � �d � ý } ý y � � .{ | ý  

~ �  pÛ ¢ �
 Ü �[ v RÛ ¢ 
 �y � �  � � , k . ¢ ¢ 
 Ü �� ! " � ´ µ

# $ �×_4.24(a)-(b)� Ï 
 Ü ��N O � �T U t u � �v� l z N O � �T U � �

�6.8H�c d\¤21.8HQ� ��X�^ ] �T � \ ¢ £ º 
 Ü ��þ Ñ � � �$ � �

[�ç 
 N O � �T U � � � ã ¬ 
 Ü �$ � ¥ ¨ q«� d� ¶ ñ �× �� ­ 8 N O �

� i � Ç j W % ± � �z� ¿ � Ã 3 � T � � 
 .Q 

 

4.2 � � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � �� � � � � � � � � � �  

4.2.1 	 
 � � � � � � � � � �  	 
 � � � � � � � � � �  	 
 � � � � � � � � � �  	 
 � � � � � � � � � �   

   TSI SMPS�� P �T U � �'��MSP naon MOUDI�P ] �� � �'� 
 � %
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��� � RTSI SMPS� - H X� � I �MSP naon MOUDI� � 
 H � � I ¿ õ ¡ Q- H

X� � I � � 
 H � � I Ç P �I �õ ¡ ��RT U � �¡ ¹ W �� � ��u � � Î 6

� ��«É Ê �Q 

0 �  ParkXÕ2003Ö � ¦ § � u Å � �
 � P �ab� ��«É Ê � � I �� 1

� �$ � Ç j ÕaggregateÖ� ñ �� � �� Â s � Ç j �� ��� �$ � � � � È q�

� «É Ê �ñ 1 Q� Ç j qW � É � Ê ± �s «É Ê � Ê 1 �¿ c � � �I ± 1 �� �

B «� � �H � � ú I 7 � � «É Ê �� � Q 

X�
 Ü ��N O � ��«É Ê �} Á � ¸ ^ ] � I × � � � � � � TSI SMPS�

� P �T U � �'��MSP naon MOUDI�P ] �� � �'� 
 � % ��� � Ë 	 � �

�t u «É Ê ��q [RTSI SMPS�� P �T U � �õ ¡ W �� � ��� �RMSP naon 

MOUDI� � 
 H � � I �� Ë 	 �t u «É Ê �õ ¡ W - H X� � I � Ç P �% & ×

ã â � � Q�] �� Ë RTSI SMPS Ø � ��� � �'��MSP naon MOUDI�P ] ��

� �'� 
 � % \ º | � �t u «É Ê �Q 

09072006�10192006�10262006�B
 Ü ��'( �TSI SMPS�MSP naon MOUDI


 � �$ � �7 8 �TSI SMPS�P ] 
 Ü ��N O � �t u T U � ��I '�×_

4.25(a)-(c)�X�7 8 �
 Ü ��
 Ü � � � Å �� � I × � � × ! · �P N O � �t

u T U � ��I '�«� g t Q�09072006�10192006 7 8 �] T � � s �� .{ | ý

 ~ ¥ ~ �N O � �� � � � Ì �¶� �v�t u � ��1.5H�3H�×_4.26(a)-(b)Q 

q10192006�10262006 7 8 b��MSP naon MOUDI�] �� � ��I '�×_

4.27(a)-(b)�8�10192006 7 8 �X á æ � � � ZLM � � 
 Ü �ab � Ù
 Ü �§ ¨

� & ÷ �³ ´µ �¸ " µ � � � % d� ���ú © Q 

� � � Í Ì �t u «É Ê �1.0 g/cm3�2.0 g/cm3�3.0 g/cm3�4.0 g/cm3 
 � % �a

bB
 Ü ��N O � ��t u «É Ê ��3.0 g/cm3��TSI SMPS�Ø � ��� � ��I
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'��MSP naon MOUDI�P ] �� � ��I '�« % Î � Ï È �×_4.28(a)-(b)QMSP 

naon MOUDI�P ] �� � ��I '�� - H X� � I 1 �40 nm�« % d��� �

��¶\ Z & I ¾ � �� ��B C 2 �Ñ � Ð Ñ [ ¦ � t * � ��@ A B C 9 
 Ò Ó q

� � �� � �'�� f g �I × N ] L� � S í × Ô Õ � LM N O � ��� � �7 8 '

JQ 

�� �  B+� � � �N O � ��PM10��% A �Ì � � % MOUDI�SMPS�Ø �

�«É Ê �3.0 g/cm3 ? ¹ º 100nm� � N O � ��å � � ��Dichot�� P �PM10 å �

� � � � Ø � PM0.1 å � � � � % & ×_ 4.29�8�� ] S � % & F �

88.403.0 101.0 +×= PMPM ��% & T �0.87�\ ¦ B+.PM10�100nm� � �N O � �

å � � � B «� � � � % & A Q 

 

4.2.2 	 
 ��N O � �2 g �� � � �Ø �  

    �B
 Ü ��� s �Rb��P ] 100nm� � N O � �T U � ��t u «É Ê �3.0 

g/cm3 õ ¡ W N O � ��� � ��09072006�10192006�10262006 B
 Ü ��N O � �

�� � �XY Z_×_4.30(a)-(c)�X�Ø � ��� � �'� ¿ ­ 8Ï 
 Ü ��N O �

��� � � � ã b�
 Ü ú � q« ¥ ­ ñ H �� Ù
 �� � � � ¿ «� � ��� � �'

�Q�10192006�10262006 7 8 � % �X_4.27(a)-(b) MOUDI�nano MOUDI��� �

�­ 810192006 7 8 �
 Ü ���� ��� % 10262006 7 8 �d�w ² 10192006 7 8 b
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à 4.1 A+
 Ü �� PM10� PM2.5 � ��å � � � 

PM2.5 PM10 Sampled 
Date 

Dichot 
 (µg/m3) 

DustTrak  
(µg/m3) 

Ratioa Dichot  
(µg/m3) 

DustTrak 
 (µg/m3) 

Ratio 

0609 31.67 70.00 2.21 55.09 89.00 1.62 

0824 76.00 171.00 2.25 103.88 244.00 2.35 

1017 108.06 291.80 2.70 169.78 352.04 2.07 

1017 114.00 293.00 2.57 172.17 359.00 2.09 

1017 116.61 243.00 2.08 167.15 301.00 1.80 

1017 108.83 278.00 2.55 158.89 348.00 2.19 

1024 125.70 721.00 5.74 180.00 824.00 4.58 

1024 128.90 640.00 4.97 178.00 779.00 4.38 

1024 136.60 669.00 4.90 211.90 821.00 3.87 

1024 128.00 678.00 5.30 181.90 817.00 4.49 

�a�Ratio� � � � � � 	 
 � DustTrak�Dichot 
 � � � 
 � � � � �DustTrak/Dichot � � 

 

à 4.2  A+ SMPS 7 8 T �  

Number concentration, #/cm3 
Location label 

0609 0824 

#1 1.32E+04 1.79E+04 

#2 3.88E+03 7.39E+03 

#3 3.28E+03 9.67E+03 

#4 6.61E+03 7.89E+03 

#5 4.36E+03 8.29E+03 

#6 5.81E+03 6.66E+03 

Background 5.57E+03 4.93E+03 

dme<100 nm 
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à 4.3  B+
 Ü �� PM10� PM2.5 � ��å � � � 

PM2.5 PM10 Sampled 
Date 

Dichot 
(µg/m3) 

DustTrak 
(µg/m3) 

Ratio Dichot 
(µg/m3) 

DustTrak 
(µg/m3) 

Ratio 

0907 234.00 270.00 1.15 417.00 400.00 0.96 

1012 100.00 104.44 1.04 211.20 430.71 2.04 

1012 106.00 138.44 1.31 297.70 494.50 1.66 

1012 111.00 134.22 1.21 281.20 412.32 1.47 

1012 109.00 134.50 1.23 297.84 429.36 1.44 

1019 188.47 320.00 1.70 370.10 444.00 1.20 

1019 403.75 733.00 1.82 649.00 949.00 1.46 

1019 306.67 476.00 1.55 611.44 652.00 1.07 

1019 387.37 547.00 1.41 734.59 762.00 1.04 

1026 38.50 56.00 1.45 207.00 104.00 0.50 

1026 60.50 87.00 1.44 164.30 131.00 0.80 

1026 36.90 52.00 1.41 161.50 102.00 0.63 

1026 91.80 105.00 1.14 229.50 163.00 0.71 

�a�Ratio� � � � � � 	 
 � DustTrak�Dichot 
 � � � 
 � � � � �DustTrak/Dichot � � 

 

à 4.4  B+�� � � & ÷ �§ ¨ © ' ÷  

Raw Material (%)a Additive (%)a 
Date 

Mass of Production 
(kg/day) A B C D E F 

907 19375.88 8.88 22.04 115.79 16.38 0.65 0 

1012 26061.14 37.5 8.34 110.88 24.4 0.42 0 

1019 15978.6 45.2 16.01 122.38 3.02 0.54 1.99 

1026 40608 64.2 6.34 57.11 0 0.4 0 

� a�� � � (%)� � 
 � � � � 
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à4.5 B+SMPS 7 8 T �  

Number concentration, #/cm3 
Location label 

0907 1019 1026 

#1 4.18E+04 3.25E+04 7.37E+04 

#2 4.17E+04 8.83E+04 1.31E+05 

#3 4.31E+04 6.49E+04 3.15E+05 

#4 3.02E+04 8.73E+04 1.36E+05 

#5 4.64E+04 5.64E+04 1.04E+05 

#6 2.82E+04 2.49E+04 2.44E+04 

Background 1.36E+04 1.84E+04 1.52E+04 

dme<100 nm
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Y= 2.56X - 12.01
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_4.12 (a)  A+06092006 N O � � T U � �' �  
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_4.13  A+100nm� � N O � � T U � �� � � � $ 7 8 � �ñ ´  
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