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)Hexachlorobenzene*� . / 0 )Mirex*�¯ 1 2 )Toxaphene*ß 9 �
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• A. Advances in instrument techniques 

• B . N o n-targ et and emerg ing  co ntaminant 

anal y sis 

• C . N ew  screening  and rap id metho ds 

• D . Samp l ing  and samp l e p rep aratio n 

metho ds 

• E . Q A/ Q C  and interl ab o rato ry  studies 

• F . D evel o p ment and val idatio n o f  

b io anal y tical  metho ds 

• G . C hiral  co mp o unds 

• H . O thers 

• A. P assive samp l ing  ap p ro aches and 

ap p l icatio ns 

• B . M o del ing  o f  enviro nmental  f ate,  

transp o rt and so urces 

• C . Atmo sp heric dep o sitio n,  f ate and 

so urces 

• D . I ndo o r enviro nments 

• E . L o ng  rang e transp o rt 

• F . T ransf ers b etw een enviro nmental  

co mp artments 

• G . M athematical  mo del ing  

• H . O thers 

3 . S o u rces,  f o rmatio n and  transf o rmatio n 4 . E nv iro nmental lev els 

• A. So urce and emissio n invento ries 

• B . F ing erp rinting ,  so urces and p ro cesses 

• C . F o rmatio n and deg radatio n p ro cesses and 

p ro ducts 

• D . B io l o g ical ,  chemical  &  p ho to l y tic 

transf o rmatio n 

• E . T hermal  so urces and f o rmatio n p ro cesses 

• F . I ndustrial  f o rmatio n 

• G . E missio n reductio n metho ds and co ntro l  

techno l o g ies 

• H . Site cl ean-up  

• I . N atural  hal o g enated co mp o unds 

• J . O thers 

• A. T emp o ral  and sp atial  trends 

• B . M ass b al ance 

• C . Amb ient air co ncentratio n 

• D . L evel s in so il  and w ater 

• E . L evel s in industrial  matrices 

• F . L evel s in veg etatio n,  animal s and 

f o o d/ f eed 

• G . L evel s in marine b io ta 

• H . B io accumul atio n and f o o d w eb  studies 

• I . O thers 
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5 . T o x ico lo g y 6 . E co to x ico lo g y 

• A. E ndo crine disrup tio n ( targ et and 

mechanism)  

• B . T o x ico k inetics ( AD M E  o f  P O P s)  

• C . B io chemistry  and mo l ecul ar b io l o g y  

( mechanism)  

• D . C arcino g enicity  

• E . D evel o p mental / R ep ro ductive to x ico l o g y  

• F . I mmuno to x ico l o g y  

• G . N euro to x ico l o g y  

• H . mix ture to x icity  

• I . T o x icity  o f  M etab o l ite 

• J . Structure and f unctio n o f  the Ah-recep to r 

• K . O thers 

• A. B io accumul atio n 

• B . B io mag nif icatio n and seco ndary  

p o iso ning  

• C . B io mark ers o f  ex p o sure in the f iel d 

• D . R ep ro ductive ef f ects 

• E . M arine eco sy stem 

• F . P o p ul atio n ef f ects 

• G . O thers 

7 . H u man B io mo nito ring  8 . E p id emio lo g y 

• A. I ndo o r enviro nment 

• B . W o rk  enviro nment 

• C . D ietary  intak e 

• D . L evel s and trends 

• E . B o dy  b urden 

• F . O thers 

• A. C ancer 

• B . R ep ro ductio n 

• C . F unctio nal  devel o p ment 

• D . N euro l o g ical  diso rder in chil dren 

• E . P O P s and o ther diseases 

• F . O thers 

9 . R isk  assessment 
10 . R eg u latio n,  P o licy and  lif e cycle 

manag ement 

• A. T o x ic equival ent f acto r 

• B . C o mp arative to x icity  

• A. R eg ul atio n and p o l icy  o f  P O P s 

• B . R isk  manag ement and co mmunicatio n 
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• C . D o se-resp o nse rel atio nship s 

• D . Sp ecies dif f erences 

• E . M athematical  mo del ing  

• F . E nviro nmental  risk  f acto r 

• G . T o x ico l o g ical  interactio n 

• H . O thers 

• C . Sustainab l e p ro ductio n and use 

• D . R emediatio n and assessment o f  

co ntaminated areas 

• E . O thers 

11. S p ecial S essio ns 

• S-1 . I ndo o r C o ntaminatio n w ith F l ame R etardant C hemical s:  C auses and I mp acts. 

• S-2 . I nteg rating  T o x ico l o g y  and E p idemio l o g y  f o r R isk  Assessment 

• S-3 . C o ntaminatio n o f  p ersistent to x ic sub stances ( P T S)  in E ast-Asian C o untries 

• S-4 . O rg ano sil ico n co mp o unds in the enviro nment:  anal y sis,  so urce,  and enviro nmental  f ate 

• S-5 . K ey  f inding s f ro m E U -f unded p ro j ect ( SY ST E Q )  

• S-6 . E nviro nmental  C o ntaminants E x p o sure and M o l ecul ar C hang es in W il dl if e and H umans 

• S-7 . P F ASs up dates - g l o b al  distrib utio n and f ate o f  p erf l uo ro al k y l  sub stances 

• S-9 . B AT / B E P  sessio n 

 

¦�/ 8} 8¼ 26~29½H ^ ! Ö ×;ë 3g� c ¸ z î} � 8c 
  [ o x #
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Time : 9:45 – 10:30 (45min.) Aug. 26 (Mon) 

Prof. Jae-ho Yang 

School of Medicine, Catholic Univ. of Daegu, Rep. Korea 

Lecture Title : Neurotoxicity of Persistent Organic Pollutants; Modes of Action 

and Health Effects 

- . Jae-ho Yang ~ � î � ++8j � Í 8 � � !} POPs ¯ í ��¤ ¥ ; �

 � � !� � � � Üã + _ n POPs)d ; < = �ÕÒ � Úß*ó ô rl} �

�j � µ W 	 � e 
# e O ! â �   j POPs d Õ A �Ú B � ! H ? K 6 �

�)perfluoroalkylated compounds, PFCs*ß � î/ / � ( !  K POPs x ð

� j ù ú ü ý c È � � ��â ã \Jae-ho Yang ~ � j � � î � ^ }g ~ i @

	j POPs)d ÕÒ � Ú�Õ A �Ú B Ý ! H ? K 6 ��ß*x ð � � R ¯ 	

)neurotoxicity*j p S E Ù � Ø �ù ú R à !� » K c È Q � _ j �  !î

° x ,� � POPs j ¯ í ��!£ Ê K Ô �j � � � Üî � , u ] � ç \Ü

s! e � e Õj ð � Ý � ��� � � m � � ! } ~ ��p S î � � j � R

¯ �\ 

 

Time : 9:00 – 9:45 (45min.) Aug. 27 (Tue) 

Dr. Rainer Malisch 

State Institute for Chemical and Veterinarian Analysis of Food Freiburg, Germany 
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Lecture Title : From Dioxins and PCBs in Feed and Food to Human 

Biomonitoring of POPs 

Â �j Rainer Malisch � Å j � � T of1990+i !}g ~ ; < = �ÕÒ �

Úö �Ñ � � ì )d w l ¨ ; < = ü �*\� � { | ^ � ~ � ; < = j ö Ï

 ! � M � � � !� � � � Ö � p n � � M � )tolerable weekly intake , TWI* 

14 pg -TEQ/kg bw� � ¨ 	 Ö ¼p n � � M � )provisional tolerable monthly 

intake, PTMI*70 pg -TEQ/kg bw � � \} 2001+!{ | � » �g� �   !

q � ¡ ó ô �ð � ù ú | ,; < = Ý ÕÒ � Új þ �\ } Ã �   î ¢ K , é

/ £ ¤ f 

1* ¥ � ó ô � j ; < = Ý ÕÒ � Új rl\ 

2* ¥ � ¦ § Ý ö Ï � ; < = Ý ÕÒ � Úrl\ 

Rainer Malisch � Å � � � ¦ § Ý ö Ï î; < = Ý ÕÒ � ÚO Ë ð � j ^ _

& ' !  K x ¦ § Ý ö Ï � » g Ã ¨ 2 â p 2 )strict but feasible*j � / n

� � � � � � » g Ã t H º © )early warning*j 2 � ª )action levels*m î

u � ^ _ j \ � F !Rainer Malisch � Å � È � 
â ð � x POPs ¨ �¡ ¢

)Human Biomonitoring of POPs*Ô �!îï x ð � § « )human milk*O 2

; < = Ý Õ Ò � Ú¨ �÷ ø � ¢ !1987 u ¬ f § ¨ ¡ ¢ )World Health 

Organization, WHO*n ¬ ì O 2 !  	j ® ¯ !o 2007+� 4 !WHO x ð

� § « ��O 2 � 4 ° j ® ¯ !s 2008+ u » î ± � UNEP Õ Æ O 2 ��\ 



 

12 
 

 

Time : 9:00 – 9:45 (45min.) Aug. 28 (Wed) 

Dr. Eric Reiner 

Senior Mass Spectrometry Research Scientist/the Ontario Ministry of the 

Environment, Canada 

Lecture Title : The Analysis of Persistent Halogenated Organics – Past, Present 

and Future 

( p / j Eric Reiner � Å î POPs�� Ä P !� j � � ² � � � POPs�� �

� W ³ à j � O ³ \ t } 18 ¬ ´ � i H ¬ ì j D 7 µ ¶ ! · ¸ �ð � : 8

j ¨ 9 Ý ( D \ � Õ } ~ t H j D 7 � ¸ æ ¸ " ¹ Ý £ � } ~ � ¸ # ^ j �

Õ6 Î Ï û � � ¨ ^ j ó ô �\s t H j � � � � ! d ^ � �� �

)gravimetric analysis*Ý ( » � )titration*î � � þ 	� � k lj )not 

selective or sensitive*! X s º � ² ¯ 	Ý ¨ � o ø 	j 6 Î Ï j ´ } K » \

s ± � )chromatography*W ñ ² )mass spectrometry*� � !î ¼ o 1950

+i i H ½ ¬ ì E �g Ã ¾ U �� j D ² \}£ Ê j POPs ¿ � � !
�5

m 1 À Á )organohalogen pesticides*î3g� h « ¢ j ó ô ��! Â Ã }

1940 +i !îqrÄÅÆ`*hÇ\oóô�\ = > È * « ¢ à )electron 

capture detector, ECD* � Ü É & Ê ! â ý Ë Ù ,� � Â 5 6 � � � ² 
 � j

= > Ì Ý µ 6 � � \} 1966+!Õ Ò � Ú î3 g Ã � Ù � ° ± �Íñ ² � )gas 
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chromatography/mass spectrometry, GC/MS*¢ » j � _ �  � \ Î Ï ¨ u !

� Õ � � óô�  � � k � hÐ » � � !s Ñ }h » H ¡ ¢ �\}æ Ò j D

+� Î � 6 � ± ��ñ ² � � / Ó Ô O !± Õ � ° ± �)Fast GC*�Õ Ö �

° ± �)multidimensional gas chromatography, GCxGC *Ý + 2 ¨ ^ ñ ²

) time of flight mass spectrometry, TOFMS*ß� � � m ( Ë � �j2 �\×

� » ± Õ �� � �µ Ý / � Ï 9 � j ³ à !8 � U *h ¬ ? � � !q  à POPs

	 � W « ¢ j� ^ � \ 

 

Time : 9:00 – 9:45 (45min.) Aug. 29 (Thu) 

Dr. Yasuyuki Shibata  

Senior Principal Researcher, Center for Environmental Measurement and Analysis, 

National Institute of Environmental Studies, Japan 

Lecture Title : Monitoring of Perfluorochemicals in East Asia; Towards Their 

Sound Management 

Yasuyuki Shibata � Å î½"� � POPs ^ � F Î æ ! � j Ä È � � � ^ } Ø

Ù *] ! H 6 � � )Perfluorochemicals, PFCs*j¡ ¢ q�ù ! 	 í �   Ú 7 \ 

}h�Ë � Â � � � � � j POPs ¿ � i ! ! H = ? I J j¨ 9 Ý � Ù X n

¬ ? � P )developed countries*Û ¬ ? �� P )developing countries*Ü g !

% Þ î} Ø Ù *] \} } Ý Ò Þ �!Yasuyuki Shibata � Å ¬ _ ß # � ã j�
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� ® ¯ �  ! " # }�� �. � Ý ½"} Ø Ù � P óô¡ ¢ `à !q� ! H

= ? I J Ý � � ! H 6 � � )PFCs*j [ \ ¿ � )emission inventory*ß\

K F ! é Ã á % j� � ö ÷ ; � - â } Ù ¹ *] ã 2 S µ b � W ¡ ¢ `à

)capacity building / monitoring program*!� � " Â ½"� � ð & W j * ä å

j� E !� h ¬ _ ó ô \Yasuyuki Shibata � Å � O g ] ï � !� Õ æ ç ± ç

j PFCs!à � » è Ë j� � W ® ¯ !Â Ã é ê * ò }½"jóô�!� � °

¼ ×� } ë ¤ ¥ j� � ? ³ W `à 9 � 8 » ( ì í \ 

 

¹�/ 8 , 8¼ 25½) ê H ½*� ë p ¬ ì 
 ³ à î ï ð j ñ ò 8 c )Side meeting*

ó ô � � � � õ y ! } � j ñ ò 8 c Õ 
 5Ó)d ë ì 1*!m p qº N õ æ

ö ÷ Ò ø !ù �� ú î ¨ ^ û ü )� �} 8¼ 25½e ë � 8¼ 27½� ë *!

W 8 æ ý S � þ 2Ó ' ( Ï Y ' ( j 2Ó d e f 

Waters 

TitlefWaters User Meeting in POPs Analysis and Research 

DatefAugust 25 (Sun.), 2013 

Timef12:00 – 17:30 

VenuefCamelia Hall 1F, Hotel Interburgo Daegu 

BUCHI 

TitlefFrom Dirt to Data 
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Date fAugust 27 (Tue.), 2013 

Timef12:00 – 13:30 

VenuefCamelia Hall 1F, Hotel Interburgo Daegu 

� þ Waters ñ ò 8 c j� / �  î � )2013*+ 5 ¼ ¨ !Thermo � d j

Hans-Joachim � Å � "#' î V ó ô � � d � ³ à ? ³ ¨ !T o ã +� ° ±

�- ï � Ø ñ ²³ )GC-MS/MS*? ³ a É ± !k l �� �l m / Ó T U !y

z { | x ; < = � 6 � � j ³ à � �� � Ô � !m n }~ � � GC-MS/MS�

� � � � � )Screening Method*! } ð u Y u /   ñ !  � ã +"#; < =

¯ ¡ }Ê � í Ô � ð O � � j ! Î � ò M W r ó ³ à !�} w 6 � � ; � Ù

CAPE � d j J 	 ô õ - ; 	 ö ÷ � 	 ¤ i !Ê � í R S 
 � / Ó l T ø !#

q ! Ã < = � 6 � � j� � ù ú û ü } � � �� ° ± �ñ ²³ )GC/HRMS*

;!GC/HRMS � Ü ý 
 u v jk l �� �l !î ¬ f � � j Ê þ g j� �

� � � � � � !â û ����� ò � � Õ �� E óô_ � ¨ � �= µ � 	 / �

^ � l Ä 7 ð & � E � Ö ¡ � " 
 ð ßm î� � � ! â  î ¬ f � � þ g j

� � � � � � � � !� ä ; < = � 6 � � ¶ S · j ³ à � � � S   o u / j

Ë � !  K � � ³ à jO ³ !î ã + � Y g ¼ â ã j¤ ¥ ! � îK ]' ( +

8 H � � a õ j^ � Q g \  K Waters ñ ò 8 c jc ¸ ² !Â � Alexander 

Kotzßð j”Future Regulations for PCDD/Fs and PCBs in the EU” Á ; L ð �

Y j£ i Ï� F ´ µ Bert van Bavelßð j”Analysis of Dioxins and POPs using 
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Atmospheric Pressure GC/MS”Ò Þ � Ù o ° Æ j ³ à !� Ã � � j�  � � f

� g i GC-MS/MS j k l � � � l m n T U o p q � � ppt 

(parts-per-trillion,10–12)� ppq (parts-per-quadrillion,10-15) r l !s t GC-MS/MS

¢ ª W GC/HRMS 
 u v jw x 	 \} Kotz Ò Þ � � T o{ | x K Ô � r�

n }O 2 » è Ë j~ � ! u 
 p S } 2014 +� GC-MS/MS � � Þ � ; < =

� 6 � � j� � � � )Confirmatory Method*!W Ñ 2 j GC/HRMS � î ° Æ

j � � ! } x ; < = � 6 � � �� � POPs j� �îg Ã  ð � � j õ y !

� � � ×� � � k j ã 2 � £ ý 
 g � ³ à p q� þ \ 

� g Ó} 8¼ 27½� ë !� þ BUCHI ñ ò 8 c j �  !î"#; < = ¯ ¡

,2011+�2012+N i � Ë BUCHI � d j ! Î � / � � ò M ³ (B-811 LSV)

� ! Î � ( � � Á ò M ³ (E-916) � � � ¬ i j ! Î � ò M � � !V n b � �

� j ò M ' r ì !q � ] � � _ n � � ò M � � \B-811 LSV� E-916 �

ò M ¨ ^ / Ó ó Ð ! = µ � 	 � � Á � Ù � � � �p � | � ^ ¶ S · � ð ¨

Q  ! ´ } K » !  K î² � � ± Õ � � � �  ! íß¦ / % 	 j m n \"

] BUCHI j ñ ò 8 c �! � � � ½"j Dr. Tojo)T BUCHI � d Kanji 

Iwamoto i � ? @ *� e - j Dr. Minh��� Prof. Ting Zhangß Ä P  ! �

C BUCHI m n } PCDD/Fs�PBDD/Fs) A 6 ; < = / 5 6 *�PBDEs)Õ A �

Ú B *� PFOS/PFOAß
 � � �¤ ¥ Q � � �  !� F BUCHI � d G Ñ Ó

� � E-916 ¶ � ³ � !  K � � "] ñ ò 8 c !> p W � � ; � � � Ù ° Æ
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��������	
 � �  � � � � � � � � Susanne Feifel�Susanne �

� � � 2011�� � � �  ! " # $ 	% � � & ' ( ) *+ , - . / 0 1 2 3

4 85 27 6 . 7 5 8 * 85 28 6 9 7 10 8 :; < = > 1 # 8 �� ? 	@A

B 4� � � E-916 C D � E & F *G H I J 	K L M N O 

 

PQ� R �� � � � S T U V W X Y Z [ \ ] ^ _ ` ab �c D d ef g h i j

k l m 2nOo 1np ” COMPARISON OF ATMOSPHERIC PCDD/FS AND 

PCBS BETWEEN TSP AND PM2.5 AEROSOL IN NORHTERN TAIWAN”	q

nl m r s t 4 85 26 6 9 7 Ambient Air Concentration u @v �o 2n`

a	qw xy z { | } = ~ � � � � � � � �PM2.53 ! " � � c � � � *

& ' + , � � *% � � � � � � � �� � Q�� *�� � � 3< = � � �d

e	4y �� � � � � � �   	¡ ¢ £ ¤ ~ £ ¥ �~ ¦ § ¨ ©ª 	� � « &

¡ S T U V W X Y Z [ \ ] �¬  S T U V ¢ ® � ¯ ° ± ² 
 ³ � Q� 
 ´

¢ ® µ ¶ 
 ³ � · *� ¸ U V ¢ ® ¹ º 
 ³ � 3» ¼ 	� � & ' « & @½ ¡

� � ¾ $  ! " # $ } = 	« & ¡ � ¸ U V ¢ ® ¹ º 
 ³ � } = 	2012 �

11-12 5¿ � � � � À g Á� � � 17 © ! " /Â Ã Ä Å Æ Ç È É Ê p 23.7± 

3.0 fg WHO-TEQ/m3�n=123Ë�� � È É Ê p 9.4 ± 7.9 fg WHO-TEQ/m3

�n=63Ë�� � È É Ê p 8.3 ± 6.2 fg WHO-TEQ/m3�n=63	� Ê É M Ì 	Í

Î ¢ £ ¤ b �} = ~ �  ! " / Â Ã ¦ Ï Ð i Ñ Ò Ó Ô ÍÕ f Ö Oo 2 np ” 
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PCDD/F MEASUREMENT IN AMBIENT AIR IN TAIWAN: PASSIVE AND 

ACTIVE SAMPLER COMPARISON”	 qnl m r s t 4 8 5 29 6 . 7

Passive Sampling Approaches and Applications u @v �o 1n` a	� 
 ³ <

= :� @½ �× % ¹ D ÁØx@Ù Ú ~ �  ! " Ì Ç � � ��High-volume 

Sampler, Shibata HV-700F3� r Ù Ú ~ �  ! " � � ��Polyurethane foam 

disks, PUF-disk3< = 30Û� 60Û� � Ü º �� Ê × % 	Ý � r Ù Ú PUF-disk

Þ ß 3 à M _ m Y V � á â ã Ý ~ �  ! " ä ; å � @Ù Ú Ì Ç � � �À g

× % 	æ ç M è �% é ê ë Ë:xì í �î ï ð � ñ Ù ò ó ô õ � � �� 

! " � Ê × % 	� � Ü ¿ > 1 � 5	× % À g ÍÎ ñ Ù ò ó ô õ � � �ö÷

ø ù ú û ü Ö é 	÷ ý æ þ Ì � ! " � Ê O��   � r Ù Ú ~ �  ! " �

� *ñ Ù ò ó ô õ � � �ü É � � � � � y � 	 Ñ Ò ¹ 
 	�qà 
 ³ % y

z � á � ½ %  � ¦ Ï � � � ¦ Ï Ð < = � Ü ~ � � � ¹ D � � � 	 � 
 �

� � Ê O� R ` a� 2nl m z � � � � � 3。 

 

�Ql m j k « à _ 8 4 5 � � � ` a	¡ � � �  ! " # $ �¹ D � � 4 !

" � � c � � � E & ' 	�  � R U � � x  ! " ê @v p @½ � � � � O 

(Ø) Ambient Air Concentration u @v  

@½ # $ ! @v 3nh i j k l m � � H � � 43	o 2np � � l m 	� �

Ó Ô % & 	�  M ' ( ) 	@½ % & * 2nl m Á 
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o 1nx� � Gou YY ü + ` a�¢ ® ~ � � PCDD/FsQDLPCBs* PBDEs

� , - 
 ³ 	  . � ¥ 4� /0 \ ] � y 1 � � 2 
 � · c D 	 3 ß 2 
 �

· { � �
 ³ 4 - 2 
 55	4 2012� 115� 6 � � * 7 8 9 ¿ : È ; 2 <

= > , - 8 	_ 8 < = ¢ ® ~ � � � 	Ü ? @ û 9 ) ¦ Ï � 4 2 < ~ � � �

ä ; 	¡ �  A 4� � � � å B! « & �� � C D 	E � 
 ³ � � F G H �

, - 
 ³ O , - À g Á3 � � � PCDD/Fs Ä Å Æ Ç ä ; I J p  10.8×10-4 ~ 

108×10-4 pg I-TEQ/Nm3�È É Ê p 49.4×10-4 pg I-TEQ/Nm33	É K L � Gou YY

ü + M ß � � Wang LC ü + 2011�4 chemosphere ` a�Øà � � N O � �

P � � � Ê 	 Q N O � Heavy steel complex area ( È É Ê Á0.135 pg 

I-TEQ/Nm3)	Metals complex areas ( È É Ê Á0.082 pg I-TEQ/Nm3) * Urban 

areas ( È É Ê Á0.0281 pg I-TEQ/Nm3)O4 DLPCBs « & 	öp ½ � Ý /2 <

~ � , - m Y × % � E	� 
 ³ ë  12© DLPCBs _ Ð � R ä ; S T �UV

 Ä Å Æ Ç ä ; aÎ 3	Ý ä ; I J p 0.21 ~ 0.47 pg/Nm3( È É Ê Á0.32 

pg/Nm3)	� þ Ý K W × % � Ý /2 < ~ � È É ä ; L 62.5- 240.6 XOU4

PBDEs « & 	14©_ Ð � R ä ; I J p 15.92 ~ 23.54 pg/Nm3( È É Ê Á21.62 

pg/Nm3)	þ Ý K W × % � Ý /2 < ~ � È É ä ; p Ì O� � Y p � 
 ³ �

PBDEs « & , - À g þ Ô � l ~ ¿ 	öp  � � � Z PBDEs � � *& ' [

��� E ÍÎ 	� � ß � \ ] �PUF3	� � ^ _ ` a 	�` a  ç � � ��

� b c � d ~ e í � 	� f g � h E i ~ � � þ Ì ä ; � PBDEs	Uj f Ì
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� k l ¦ Ï 	E � 
 ³ � PBDEs þ Ý / K W × % 2 < È É ä ; p Ì �� öÊ

æ m ³ 	�4� � 2 < ~ � PCDD/Fs* DLPCBs , - À g Ê æ � � n o O 

o 3nx p q U Zi N ü + r s ß ELISA�enzyme-linked immunosorbent assay,

t u ù v � w x � � 3á � � p q U [ y [ z � �~ � �  ! " ä ; 	/0

M ß m Y { T  ! " @½ < � + | � } ~ ��x@½ x� ¡ � � �90%3	�

w Ô 7%x� ¡ � g D ß (Bilauet al, 2007)Oö ! § � % � � � � 9 �ê � 	/

0 K W � � � � % M _ � � � � ¡ � g D ß �{ U 6 � � Ç �Maximum daily 

dioxin intake by breathing3
 ³ À g 	I J x4 1.09~4.57 pg/kg	� Ý x 6�

 . � � � �{ U � � Ç xÌ � f + �	�  /0 w  � � d � � � ² ç 6

�� � � � � R Ç á < = × % O� � 8 ¿ p 2012� 65 � 2013� 25	�

R � � 5-7Û	 R � � | � > p 3600m3	q � � �� � 8 ¿ * R � � Ç 	@

½ xp � � 4 � ; þ L � ELISA � � < = � � OU� � ELISA � x � ��

ö	� xöp � � GC/HRMS � :   ¡ ¢ £ ¤ 8 	ELISA � xþ � ¥ � � � O

� � À g ÍÎ Á [ y [ z � + ¦ d � � � ² ç 6 �	� ¡ g � � � � � R Ç

p § Å  8.37 ng *�Å 11.13 ng	 " % F � m Y ã � �{ U Ê § Å  51.79 ng

*�Å 53.55 ng	 g � ¨ § Å 16% * �Å ¨ 21% � � � � Ç 	ö ! Zi N

ü + Y p ª © % � � + h ª « � < = ~ �  ! " � � Ô Ý ¬ ½ Å O 

 

(:) Advances in Instrument Techniques II u @v  



 

21 
 

@½ # $ ! @v 3nh i j k l m � � H � � 53	@½ z �  ) � ® Á 

o 1 nx ¯ ° � Geng D ü + ` a�l m 	 ± ß � ² ³ � " � ' �À c � �

´ µ ¶ Ú · ¸ ��APGC-MS/MS3á & ' ¹ º * [ » ¶ _ å £ � ì í �

GC-HRMS � Ê ¼ × % 	� � � # $ qnl m ` a	w xWaters� ½ ¾ � ¿

N O ¿ v � À Á 	/0 ��� e í x Agilent 7890A GC À c Waters � � ´ µ

¶ Ú · ¸ � Xevo TQ-S�APGC Â Ã Ð 3	× % � GC-HRMSx Agilent 7890A 

GC À c Waters Ä Å �Ì û ' · ¸ � Autospec Ultima	
 ³ À g ÍÎ APGC- 

MS/MS 4 0.04 -300 pg/µL � ¿ ^ 6 � Æ Ç È � Ç É S T Ê Ë � É Å  (r2 

>0.995)Ë4 0.4 pg/µL Æ Ç � � � & Ì � � Í & ' " % Æ Ç Î & Ï Ð (RSD) 

8.0-21%	U" % � é ö Ã �RRF3� � Í & ' " % Æ Ç Î & Ï Ð (RSD) x

3.1-16 %ËUd h � Ñ Ò � � � GC/HRMS × % À g w � p Ê Ë 	q Ó À g

ÍÎ APGC- MS/MS � á 4 POPs & ' 9 � 
 Ô Õ O 

o 2 nx Cochran J ü + ± ß : Ö � " � ' × = 8 ¿ Ú · ¸ �

�GCxGC-TOFMS3á < = ¢ ® � � � PCDD/Fs & ' 	å Ø ì í � GC/HRMS

� × % 	Ý � ö4� @½ 
 ³ \ ] f Ù ¹ D � � 4 6 V	�T Ú 6 V � � å

B GC/HRMS � � z � * Û Ð �öp f �   � ¡ ¢ 3	EÜ "%þÝÞ�

GCxGC-TOFMS á � ß O� � GCxGC-TOFMSØ ì í � GC/HRMS" × à x

á â ;M ã 	� ö p GC ä ë : Ö µ å 	÷_ 8&' [ � POPs ¦ Ï � 	U æ

ç è 9 é8¿�f � 	 � á ` ê à 
 Ô Õ 	Ê æ ª ©ë ì O 
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o 3nx í y � Kotz Aü + ± ß APGC- MS/MS á &' [ &' � �� î ï �

� PCDD/Fs* DLPCBs å £ �ì í � GC-HRMS�Ê ¼ × %�
 ³ 	qn_

� wx Waters ½ ¾ � ¿ N O ¿ v � À Á 	¡� � �� î ï Ó x ppq 

(parts-per-quadrillion,10-15)ä;	Ex APGC-MS/MS � ;�ØU ð ñ O
 ³

À g Í Î 	ö p� � � � Ç x 5ul	 2,3,7,8-TCDDp ò 	9 � � Ç É R � �

Ç p 3.1fg~2.5pg ¿	Ý � ;a T � p Ê Ë 	Kotz lm � ó ç 4 L � 100 fg

8	 � Ç É É Å a T � É B ô v �R² > 0.993OU APGC-MS/MS�� � Ç �

õ�Calculation of the limit of quantification, LOQ3	 2,3,7,8-TCDD *

2,3,7,8-TCDFp ò 	� 4 10-30fg¿OU� Ç É � RRF� RSD*_ Ð � �Â

Ã × �ion ratio3ü QA/QC � C ½ ö � ÷ ÷ ç GC-HRMS�ü ø 	 I OU�

GC/HRMS �Ê × %« &	� � R ÄÅ Æ Ç WHO-PCDD/F-TEQ �"% Î &

ù Ð ú # � 20 %	 P � Ø_ Ð � � Ï Ð w� 4÷ å û I J zOö ! Kotzl

m �w ü , � á ý þ ` � ��� GC-MS/MS �� � � Y ��	 I �÷ � Å

� Ì	U APGC-MS/MS e í x÷ � c ! � 	 I �O 

 

(�) Sampling and Sample Preparation Methods u @ v  

@ ½ # $ ! @ v 2nh i j k lm � � H � � 63	@ ½ z �  ) �® Á 

o 1npq U Yang Sü + ß Cape Technologies�Ñ ´ � � + , 	á _ 8&'

� �� PCDD/FsQDLPCBsQPBDEs* PCNs�Polychlorinated Naphthalenes3O
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[ C h E i ½ &' q¾U �¦ Ï � 	½ &f 2 	 9 � � � º 
 á } = 	U

� | � � 8¿w� ÷ ç 3Û	�± ß Cape Technologies� � Å  � - � Å � �

c Ñ ´ 	÷ � ß Ø	� � º 
 á _ 8} = q¾U �¦ Ï � � � � ¹ D 	U

� | � � 8¿w� � � ç 1 Û zO / 0 ± ß C18 � � " � � �SPE3á �

� � �� PCDD/FsQDLPCBsQPBDEs * PCNs	 � � È ä � � 0.5mL 	

± ß Cape Technologies� � Å  � - � Å � � c Ñ ´ �2% ultra-clean carbon 

columns 3 � � 	 ± ß � � ó � � � 
 p 20mL hexane Q 10mL 

hexane:dichloromethane (15:85) * 10mL dichloromethane 	! �� � ó � Å �

Ñ ´ K W �x mono-ortho PCBs/PBDEs « &	�  � � � Å � Ñ ´ 	± ß �

� ó � � p 30mL toluene	! � � � ó � Å � Ñ ´ K W �x non-ortho PCBsQ 

PCDD/Fs * PCNs « &	{ � �x GC/HRMS 9 é&' OÀ g Í Î

PCDD/Fs _ � u Æ Ç �I K � p 50% ~ 70%QDLPCBsp 50% ~ 70%QPBDEs

p 50% ~ 110%	U PCNsp 20% ~ 80%	Yang Sü + Y p PCN 42 * PCN 27 

�I K � Ï L � ö xö p�  �Ì ! ` Å " # ä �   º � $ % � # OU4 &

p PCDD/Fs ' �� �I K � p 96%~109%.QDLPCBs @ ½ p 103%~116%

�PCB 118 Ø PCB 105& � p 175% and 133%3QPBDEs @ ½ p 97% ~136%

�BDE 209p 167%3* PCNs @ ½ p 95% ~128%�PCN54 Ø PCN 70& �

p 139% and 160%3O� 
 ³ ¡ & p I K � � s 	« &_ Ð � (   �� QA/QC

Ñ Ò 9 õ Í Î 	&'   º Ô û ç k l ¦ Ï ) * O� �ñ 2005� + Ó , - M <
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Cape Technologies� � Å  � - � Å � � c Ñ ´ 	� é ß � ELISA� PCDD/Fs

� x &' 	2006�� �` T Ý 4 GC/HRMS�� ¥� � Ô Õ 	� s f . f

poØ� � Ý é ß � GC/HRMS �� ¥� � h E i 	Ý  / � Cape 

Technologies � � c D , ` � � Å � Ñ ´ 	å , ` ÷_ 8} = PCDD/FsQ

DLPCBs* PBDEs��¦ Ï � � � � º 
 	" ê 
 ³ f g 0 4y z¢ ® &'

� V 
 � � ` a� 	å F � 2007 1 2  ! " �� * 2009 � 2  ! " ��

` a�  � Ó r y zV , � � * Y 3 ¢ ® � �é 4 5 6 ± ß 3	E � 
 ³ ë À

© � � , ` + , 	å 7 8 9 p ' �� 	�ç ¾�	Ê æ � �� � O 

o 2n� y Marchand Pü + ± ß 6� MIURA Ä Å � SPD-600GC ñ Ù � ¥

� e í á ó : PCDD/Fs * PCBs � �� � � Ö � å � ; Ù � � � Ú À g ×

%	SPD-600GC � ¥� e í ¬  � 9 . : � � � ä � Ñ ´ ��< 23	9 � x

� c  � Ñ ´ 	¬  10% (w/w) silver nitrate silica gel Ø 44% (w/w) sulfuric 

acid silica gel(200 mm x 12.5 mm)	U . � xä � Ñ ´ 	 = 8 �x graphite 

carbon dispersed silica gel (30 mm x 6 mm)	: � � � ä � Ñ ´ � « � Ôp >

�	� � � È ¡9 ä p� 9 � Ñ ´ 	9 � Ñ � p > � ? ;( � p 60 °C	� 

 85 mL n-hexane�� � ó � PCBs(mono and di-ortho PCBs) å K W � @ A

�O � . � Ñ � p > � ? ;( � p 80 °C	 1.5 mL toluene � � � ó . �

� Å � ä � Ñ ´ 	 � ó � PCDD/Fs * non-ortho PCBs å K W �� � A �	

� | � � ¥� 8¿p � Ô 2 # 8	©�� �&' �± ß GC/HRMS�Agilent 
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GC/ Jeol JMS-700D and 800D3O
 ³ À g Í Î 4 � � î ï � � R ÄÅ Æ Ç ×

%9 	ñ Ù �� ; Ù � À g å B T Í Ð B Ë4ñ Ù ��Ñ � � � Í Å � s À

g � Ì 	 C D � � RSD p 2-6%Q E D � �p 4-10%* F G � �p 5-20%	

F G � � RSDþÌxö « &� �ä; : L � # Ë* H _ � u Æ Ç �I K � «

&	ñ Ù �� ; Ù � � Ô � N « &# æ ( � 30~140%� QA/QC 	 I ËU �

� Ö g × þ« &	wxñ Ù � I � ; Ù �	 � x F G � �« &ËSPD-600GC

� J Ô ± ß � � N *©ä � 8¿þ � ü I � 	� Marchand P ü + w ó �

SPD-600GC� K � 	@ ½ 4�%�Ì D L � �� M û Õ x û õ�	U£ e í

N Ô � � O P �leak3� ô v O 

 

< 2 SPD-600GC � ¥� e í < Î �Marchand Pü + , 20133 

o 3n í y Bernsmann Tü + ± ß í y LCTech Ä Å � DECS System ñ Ù Ñ
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´ � � e í á ó : PCDD/Fs* PCBs � �� � � Ö � 	DECS System Ñ ´ e

í ¬  � Sulfuric acid coated silica gel�{ U ÷¥� 5 Q � D L 3QForisil*

Carbon �	� � Ñ ´ 	U � | � � � 8¿p � Ô 97 & R 	©�� �&'

¬  GC/HRMS�Agilent 6890 GC/Micromass Autospec Ultima HRMS3*

GC-MS/MS�Agilent 7890 GC/ Agilent 7000 Triple Quadrupole MS3O . 

Bernsmann T ü + ± ß DECS System á &' � �* î ï � � Õ � s � ·

�proficiency test (PT) material3	À g PCDD/Fs � P _ Ð � È ÉI K � p

73~96%* PCBs� P _ Ð � È ÉI K � 79~103%	U£ �Ô�� ��_ Ð �

I K � � î 4 QA/QC 	 I � 60~120%z	Í Î DECS System" Æ S � OU

� 
 ³ �w ó ç GC-HRMSØ GC-MS/MS�Ê � Î & Ï Ð � 4±20 %.�z	

� Bernsmann Tü + Y pß DECS System � � 	 GC-MS/MS�Agilent 7890 

GC/ Agilent 7000 Triple Quadrupole MS39 é	x � �* î ï � � � T &' U

Ë �$ c 	å ÷ � c � á ý þ �	 ` ê V W * X ö O 

 

(¾) Levels in Food and Feed I u @ v  

@ ½ # $ ! @ v 2nh i j k lm � � H � � 73	@ ½ z �  ) �® Á 

o 1nx í y Lohmann Nü + � 2008~2012�¿&' 3000 �  9 � Y ��

�� Z [ Y Q Y \ � Y ] ü3� PCDD/Fs* PCBs�ÄÅ Æ Ç � � ä;3�

Ê < = í d 	^ ã �ÄÅ Æ Ç � � ä;3� � 	¬  PCDD/FsQDLPCBsQ
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PCDD/Fs+DLPCBs* NDL-PCBs�Nondioxinlike- PCBs3	å � ý þ �	 �=

Ù Ê �Action level3�{ U � _ Ê �Maximum level3¼ × þ	í d À g � �

a 1O¡a 1 ÷ ` PCDD/FsQDLPCBsQPCDD/Fs+DLPCBs�� ÄÅ Æ Ç L

� ý þ �	 = Ù Ê � { U � _ Ê �× ò � Ì�96.9~99.0%3	� NDL-PCBs

ä; L �{ U � _ Ê �40ng/g fat3�× ò � Ô 74.7%O 

 

a 1 2008~2012�¿&' Y �� �í d À g a�Lohmann Nü + ,20133 

o 2nx� � ¹ a � Tsen CMü + &' � � 6	 ² r b ¤ c � d � E e ��

��� PCDD/Fs * DLPCBs ÄÅ Æ Ç 	¬  f g E �tilapia3Qh   E

�milkfish3Qi�clams3Qj k �oysters3Ql m E �pacific saury3Ø n E �skipjack 

tuna3ü	Ý � f g E *h   E p o p E �farmed fish3	i* j k p e �

�shellfish3	U l m E * n E p 2 E �ocean-caught fish3O [ « 46 � � �&

' À g ÁPCDD/Fs È ÉÄÅ Æ Ç & � p 0.038Q0.047Q0.027Q0.081Q0.057

* 0.850 pg-WHO-TEQ/g wet wtËU DLPCBs È ÉÄÅ Æ Ç & � p 0.021Q

0.030Q0.011Q0.053Q0.175* 2.204 g-WHO-TEQ/g wet wt	� � | U q 	



 

28 
 

È ÉÄÅ Æ Ç x 2 E ÔþÌ�È ÉÄÅ Æ Ç OU4 PCDD/Fs _ Ð � ÄÅ Æ Ç

& r  2,3,4,7,8-PeCDF�>18%3 * 1,2,3,7,8-PeCDD�> 17%3�¨ × � þ

ÌË4 DLPCBs _ Ð � ÄÅ Æ Ç �� PCB 118�>8%3* 126�> 67%3�

¨ × � þÌO 2 E � DLPCBs R ÄÅ Æ Ç >PCDD/Fs R ÄÅ Æ Ç 	� o p E

�x PCDD/Fs R ÄÅ Æ Ç >DLPCBs R ÄÅ Æ Ç O �  ý þ � s � _ � � Ç

�Tolerable Weekly Intake, TWI3á ^ ã q 6	E e � , - À g 	 f g E Qh

  E QiQj k Ql m E Ø n E � TWI& � p 0.061Q0.038Q0.032Q0.067Q

0.53 * 7.26 pg-WHO-TEQ/kg bw/week	É L � ý þ � s � _ � � Ç

�EUSCF(2001) TWI314 pg-WHO-TEQ/kg bw/week Æ Ç O 

¡� ! " �¦ Ï � < � + | } ~ (   90%x� ¡ � � 	EF < y � %� �

��Ñ Ò * , - Ç É � Ì	"%�y z� Ñ Ò * , - Ç �Ô � U ó : �~

¿Ob �y z � s t � u ì 	 v � �@ Ñ é ê � ² ¬ w < = x é¥� 	 ¦ y

wö z | U { N " U | � } ~ 	U � � w � û � U $ % O ! " �¦ Ï � 


ÔÌÄÅ 	 c %x � �s [ � � Ñ � �½ � 	ö !  F < y � p � 	 ó Ì�

� � ��¬  � � ¼ � Ò � �3	� " Y 3 ¦ ¿ � �é 4 ó : � �Ç � *U æ

7 U � E � �	�� C Ç å � Ü Ä � 	 � � ø ù . R � � s � � 	 � I ¦ y

% � � � � · O 

 

(P) The EU-SYSTEQ Project – Novel Findings for Human Risk Assessment of 
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Dioxin-like Compounds u @ v  

� �q� � � @ ½ # $ � ý þ �	 " ê @ v 2 nh i j k lm � � H � �

83	@ ½ z �  ) �® Á 

o 1nlm x � � Van Den Berg Mü + ó ç d �  ! " �� c � ÄÅ Æ Ç ß

�ÄÅ Æ Ç ë C �TEF3± ß �õ Ò �limitations3� | � �Pitfalls3	* % &

` ê �� ý þ EU-SYSTEQ project� � � OVan Den Berg Mü + ó ç TEFx

� � ± ² $ � �World Health Organization, WHO3* ¶ c y ¢ ® 	 � ¤�United 

Nations Environment Programme, UNEP3̂ _ ` ê 	£   � 5 p � � P y *�

< $ � �	 � å û �^ � �consensus3ë C O�x � wr 5 6 � Þ ß ç _ [

� � � ^ ã �risk assessments3� < 	�q Ó Þ ß å M x� Ô U Ë � 1 V � �

�scientific rationale3á ©ª OVan Den Berg Mü + Y p TEF � á x4 � �

� � � dietary exposure38 ± ß 	� T 4 _ [ � �  ! " % · Ä Å

�dioxin-mediated “toxicities”3� � c ��+ | Ñ È Q$ � � ¢ ® § · ü3w

� r h � p é ß Oq	�   . 	WHO/UNEP TEFs é ß 4 � � � � ß }  

� 8�M � � ;�uncertainties3Ó xr , - � l� ô v 	� { b ØR ^ ã

�� WHO/UNEP TEFsx4 2005 �	Æ 8wÓ ó � � á é � � + | Ñ È Q

$ � ü§ · � � ^ ã 8 ± ß � e í Å �systemic3TEFsOU 2009 � ý þ �

EU-SYSTEQ project � Ú ê , 	@ ½ + x½ 
 ³ systemic TEFs	¬  �

WHO/UNEP TEFs�ê ë * � Y Ø Ó ÷ß 4 systemic TEFs � £ � ;Ì�² �
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Æ ¡ �novel sensitive biomarkers3ü¹ D O 

o 2nlm x � 1n % & lm � À Á 	x Andersson Pü + �¬  � � Q¢ Q

* ¯ ° üy � �
 ³ \] 34 ý þ Û £ . ± ß | � � s �in vitro testing3�

Ú á 
 ³ SYSTEQ	� s � Æ �¦ Ï � ¬  20© PCBs* PCDD/ PCDFsü	

q Ó ¦ Ï � r Ø$ (   10	 | � ² � � w �in vitro assays3á < = � s 	q

Ó | � ² � � w á ñ U ¤ Q# ¤ Q ] ¥ ¤ Ø+ ��rat, mouse, guinea pig, and 

human3üOp � ^ ã M _ � w � s � � é C D * ` �Ø Ó � � s ¦ Ï � �

Ô W � ¦ § 	Andersson P ü + ` ê � Ø	 ¨ p � Ç 4 Ö ê ë © H

�Quantitative structure-activity relationship models , QSAR3á } = 	QSAR^

ã � C D w� ØT = � TEFs < = × %O 

 

(�) Development and Application of Bioanalytical Methods u @ v  

@ ½ # $ ! @ v 3nh i j k lm � � H � � 93	@ ½ z �  ) �® Á 

o 1 nx� � Feng H-Hü + ± ß Ø	ª « Ä � Ï � w �adenovirus infected 

cells3-Ad-DR bioassay� � � ¬ ¨ p Ad-DRE-Luc/H4IIE3	< = ×  � ��

 ! " ² � � x &' å � GC/HRMS � �À g < = × %
 ³ O� 
 ³ 4 � �

� « &Ô ± ß ì í ® ¯ � � �Soxhlet extraction3* ( ° ± � � �Ultrasonic 

extraction32		U � ß � � ����x ± ß CAPE Ä Å � � Å  � - � Å �

� c Ñ ´ OØ$ � �x � � M � � � ² å ä � ³ ò 	p� 200 µL dimethyl 
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sulfoxide (DMSO)	 Ad-DRE-Luc/H4IIE < = ² � � x &' Ë* Ø$ � �

�x � � 	Ô�   CAPE Ä Å � � Å  � - � Å � � c Ñ ´ � � 	 '  

Ad-DRE-Luc/H4IIE < = ² � � x &' O:$ � x C D � � GC/HRMS � �À

g < = × %	À g Í Î  � � º 
 � Ad-DRE-Luc/H4IIE �� GC/HRMS �

Ôþ ´ " ê Å �0.873~0.8983Ë � ë � B � � º 
 8	� Ad-DRE-Luc/H4IIE

�� GC/HRMS��Ê " ê ë C � Ð �0.010*-0.0263	Í H � � µ ¶ 4 !

" ² � � x &' � � ½ Å Oö ! 	À c CAPE Ä Å � � Å  � - � Å � � c Ñ

´ � � + , 	q� y � ± ² 
 ³ ´ �National Health Research Institutes3\

] , ` � ª « Ä � Ï � w Ad-DRE-Luc/H4IIE � x �� GC/HRMS ��Ê Ô

M è �" ê Å 	w ó : � © 
 ³ ` ê � Ô Õ O 

o 2nx�y Mao QJü + �6� �6 · Ä Å �Hiyoshi Corporation3c D 	

± ß � y � XDS-CALUX ² � � x �� GC/HRMS�	%6 · Ä Å ó ¸ � ¹

º * ×  � ���y » ¼ � ½ ¾ � �waste landfill3 ¹ º � ��� PCDD/Fs

Ø DLPCBs < = × %&' 
 ³ 	 * � � 
 ³ w} = M _ � � ¥� � Ú × þ	

¬  ì í ® ¯ � � �Soxhlet extraction3* ( ° ± � � �Ultrasonic extraction3

ü 2	� � � × þ	*� ß ì í ; Ù Ñ ´ � � ��� � y Ä Å XDS Ä Å � �

Å  � - � Å � � c �acid-silica gel and XCARB3 ¿ ñ Ù Ñ ´ � � �� × þ

üO
 ³ À g � � �® Á�13%�6 · Ä Å ó ¸ � 6 � ¹ º * ×  � �	&

�  ì í ; Ù Ñ ´ � � � ¿ ñ Ù Ñ ´ � � 	 XDS-CALUX ² � � x �&
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' 8	��æ � PCDD/FsØ DLPCBs R ÄÅ Æ Ç å B T Í Ð B � ß a ; Ù �

� CALUX-M� ß a ¿ ñ Ù � CALUX-A�Ê × % � 0.8~1.2¿3Ë� x× %

XDS-CALUX�� CALUX-TEQ� GC/HRMS��WHO-TEQ Ê 8	¹ º �

�� CALUX-TEQ/WHO-TEQ Ê % � 1.8~2.9Ë ×  � ��p 3.3~3.6	� 

CALUX-TEQ � xU �WHO-TEQ�O�23%��y » ¼ � ½ ¾ � � 9 � ¹

º � �� s À g 	 ß a ( ° ± � � �� CALUX-UxE � ß a ® ¯ � � ��

CALUX-SxE �Ê × % � 0.6~1.2 ¿	" ê ë C p 0.956OU H L ä; ¹ º �

� CALUX-SxE/WHO-TEQ�È ÉÊ p 1.3 �0.5 á À 	� 2010 �
 ³ À g

È ÉÊ 1.4 �0.7" × 	 � p" b O 

o 3n � � BioDetection Systems�BDS3 Ä Å Behnisch PAü + Þ ß Ø e �

M _ � ØÅ � CALUX � w �28	3̀ ê Ì� Ç x �� w $ (high- throughput 

screening assays)	� m � � 150 �  9 � V ��ÄÅ �@ ½ p POPsQ¹ º Q

� ¨ � Q² p ÄÅ �§ ö ÄÅ ü3Oì í Ä� �s @ ½ x Ù � h E p@ 	¡

�� Ç L Q ¤ ß ¡ ¢ £ M _ h E � 	¿â Á Â Ã 	� B � < = U 	 © � V

�Ä� &' 	� CALUX � w Ä� � s © Ú 	 ó ¸ � / Ì� Ç * / L ¤ ß

� � �O� 
 ³ � BDS Ä Å Þ ß � [ ñ Ù �é Ä ; Å �Hamilton Starlet liquid 

handling robot3 Æ ß � F � ; Ù &' �	å � � F ± ß �� w Ç o � 96È

É Ê p / � H � � 384 ÈÉ 	 ± æ &' � Ç ó Ì 3.4 X  9 	 + p&' ù Ð

*f � w� . õ O ! � 	¡ BDS C D Í Î 	� � [ ñ Ù �é Ä ; Å À c 384
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ÈÉ �	� 2 � Û / + Ù ; Ù &' À g Ë ÔT Í Ð B 	Ì �� ; J / Ë Ø Ó O

� �� � 2011 � % &   � y � ß Ì T ñ Ù � x � e í < = � V ÄÅ � s �

� Ç Ä � V 
 ³ d e  (Computational Toxicology Research Program, 

CompTox)	� 
 ³ wx§ �" _ � Í Î O 

 

(Ï) Passive Sampling Approaches and Applications u @ v  

� ��W X Y Z [ \] ^ _ ` a� * Ønr Ù � � lm � 4q� u @ v �o

1nlm � � H � � 103	� ö @ ½ z �  ) Ó � � Ì % & 	E M ' � Í ( ) O 

 

(Ð) Transfers between Environmental Compartments u @ v  

@ ½ # $ ! @ v 2nh i j k lm � � H � � 113	@ ½ z �  ) �® Á 

o 1nx� � Chi KHü + Ñ Õ 4 2010 ~ 2012¿�� � �« 2 Ò 2,862 m�

Ó Ô Õ (Mountain Lulin)* Ö 6 � « 2 Ò 660 m� Õ × (Son La) z :� Ì Õ �

��:� �� � b É B T Í � PCDD/Fs t B Ð 3	 ± ß ÌÇ � � ��Shibata 

HV-1000F3� �¢ ® ~ � �� PCDD/Fs	å ^ ã 1 6 Ø � � �² · Ù @

�Biomass burning3	%�¢ ® ~ � �� PCDD/Fs ä;µ Ú � ¦ § O4 Ó Ô

�� � 8¿p 2010� 2Q3Q4Q6Q10Q125	2011� 35* 2012�� 3Q

4 5	Ø Û 5à � 4-10 � � �	�4 � º ì Ü � Ý ç �long range transport 

season3Ü ¿	� 2010/3/22-3/28Q2011/3/19-3/30 * 2012/3/10-3/20Q4/1-4/9
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ü	�x � 6� 1 � � �Op � / T � ë ì 1 6 Ø � � �² · Ù @ � � º ì

Ü Ö é 	� 
 ³ � " � �& Þ � f Z ú ¸ � ± ß �Moderate Resolution Imaging 

Spectroradiometer (MODIS) satellite3*WRF/Chem (Ver.3.0) modeling system

à á Î â© $ �tracer module3ü¹ 
 	 ã k 1 6 Ø � � �² · Ù @ � º ì

Ü Ö é ¦ § OChi KHü + � �À g Í Î Ó Ô Õ ��Ø Û Ý ç � PCDD/FsÄ

Å Æ Ç ä; I J ä p 0.232±0.02-6.76±4.6 fg I-TEQ/m3	{ L �Ê 4 2010� 6

5 23-306� å Ý 3Oö p Ó Ô Õ �� ½ J 50 Ä æ zå B � ç U � PCDD/Fs

t B Ð 	E Ý Ø Û Ý ç � PCDD/FsÄÅ Æ Ç ä;xT Í L ��� � �Ý / k

l ��	� �À g w � c ! )   OU4MODIS satellite*WRF/Chem (Ver.3.0) 

modeling system à á Î â© $ è £ . 	Chi KHü + ÷ Ç � ã k 1 6 Ø � � �

² · Ù @ � � Q8¿* � º ì Ü Ö é O�4 2012/4/1-4/5 ² · Ù @ 8¿8	

ÑMODIS satellite á é â¡² · Ù @ � � B � �Î â� 	4/6 ê � � + ª © ë

�ç Ìä;�Î â� 	å ² ç 4/8  � ì í î ï O � � � � �� PCDD/Fs

�Ê á À 	2011/3/27-3/288� Ö Õ × � R � � � � � PCDD/Fs�Ê Ì ÷ 579 

pg I-TEQ/g-TSP� � G Ý � � x g-TSP d � 3	_ Ø8¿ Ó Ô Õ �� R � �

� � � PCDD/Fs�Ê � Ì ÷ 399 pg I-TEQ/g-TSPOU H PCDDs� PCDFs�

& � × ò  Å á À 	 Ó Ô Õ ��Ø Û Ý ç 8 PCDFs ¨R PCDD/Fs �

41~53%	�4 1 6 Ø � � �² · Ù @ Ü ¿ PCDFs¨R PCDD/Fs�× ò � .

õ ç 40%	qÔ÷ � x² · Ù @ �t B � ~ � �� PCDDs þÌ�  � x
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OCDD3� # O 

o 2nx� � Chen YFü + ± ß �ð ñ ö Ã �Positive Matrix Factorization , 

PMF3	á ò � PCDD/Fs ¦ Ï t B Ð �emission source3�~ � ô õ �atmospheric 

deposition3� �� ó Y × ò ê ë O�ð ñ ö Ã �PMF3xØ� [ µ Ç û |

�multivariate receptor3���	� x¡ PaateroØØ Tapper� 1994� , ` 	

PMF�í d À g ÷ � Ç � û ï Ø ã d P 	÷ � �@ ½ á Ð ó Y 	ö ! 4~

� * ô õ ¦ Ï 
 ³ �Ó r 5 6 � ß 	�þN r é ß ç î ï PCDD/Fs �
 ³

�	� � nlm @ ½ xÜ � � � � � Q� � � Q�* 6 « ¹ ° � � PCDD/Fs

@ ½ ¦ Ï ö Ã 	å ã � M _ ¦ Ï Ð �t B ó Y O� � � ^ d 11¥	( 4� �

� � � �U V Q� � � Q�* 6 « ¹ ° � �� � 4 + h ª « � ½ ö 3	� � 8

¿ � 2011� 75� 2012� 105O* � � 
 ³ ± ß � PMF2x� � � y ¢ £

¤�US EPA3�÷EPA PMF 3.0 and User Guide”  U � � 	å é ß á &' C D O

� �À g ø 9 ) �� � 
 Ý ~ � �î ï PCDD/Fs ô õ � Ç �deposition flux3
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Welcome to Dioxin 2014 

On behalf of the organizing committee, it is a great pleasure to invite you to participate as a 

sponsor and/or exhibitor at the 34th International Symposium on Halogenated Persistent 

Organic Pollutants – Dioxin 2014 – to be held on 31st August to 5th September 2014, in 

Madrid, Spain.  Dioxin symposium is the leading international conference for scientists and 

regulators to present recent advances in all areas of halogenated persistent organic 

pollutants.  This conference will provide great opportunities for the delegates to exchange 

new ideas face to face and to establish future collaboration. 

We are aware that sponsorship is a crucial element of success of this symposium and we are 

sure that we will continue with the tradition of these symposia for attracting each year 

800-1000 scientists and regulators from all over the world.  Dioxin 2014 will continue to 

provide you with the opportunity to introduce your products and services to this large and 

important audience.  

The venue, Hotel Meliá Castilla, located in one of the most dynamic and modern places of the 

city of Madrid will provide you with all the facilities for a successful experience. The exhibition 

will form an integral part of the symposium and will maximize your organization’s exposure to 

the large audience at Dioxin 2014. As indicated in the brochure, there are a wide range of 

opportunities for the sponsorship at this event. We will be glad to answer your questions and 

assist you with any requests. 

Madrid is a cosmopolitan city with a rich cultural and artistic heritage, the legacy of centuries of 

fascinating history. If there is one thing that characterizes Madrid, is its contagious passion for 

life reflected in its friendly and welcoming people. The success of Dioxin 2014 will be 

enhanced by the special atmosphere of our city’s social life, an essential element in 

generating synergies for scientific collaboration and friendship. 

We look forward to welcoming you to Dioxin 2014 in Madrid! 

Begoña Jiménez 

Symposium Chair, Dioxin 2014 
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�������� 1 � �� �� �� � 5 � � � � �� � � � �� � � � �� � � � � 				Side meeting



 
Waters 
TitleÁWaters User Meeting in POPs Analysis and Research 
DateÁAugust 25 (Sun.), 2013 
TimeÁ12:00 – 17:30 
VenueÁCamelia Hall 1F, Hotel Interburgo Daegu 

 

FMS 
TitleÁSame Day POPs Analysis Seminar 
DateÁAugust 25 (Sun.), 2013 
TimeÁ13:00 – 17:00 
VenueÁLadies Hall 2F, Hotel Interburgo Daegu 

 

Thermo 
TitleÁThermo Scientific Lunch & Learn 
Date ÁAugust 27 (Tue.), 2013 
TimeÁ12:00 – 13:10 
VenueÁDalia Hall 1F, Hotel Interburgo Daegu 

 

BUCHI 
TitleÁFrom Dirt to Data 
Date ÁAugust 27 (Tue.), 2013 
TimeÁ12:00 – 13:30 
VenueÁCamelia Hall 1F, Hotel Interburgo Daegu 

 

SHIMADZU 
TitleÁSHIMADZU UFMS POPs Analysis Seminar 
DateÁAugust 27 (Tue.), 2013 
TimeÁ12:00 – 13:10 
VenueÁClavel Hall 1F, Hotel Interburgo Daegu 
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�������� 2 � � � � �  �� � � � �  �� � � � �  �� � � � �  �  
August 26 (Mon), 2013 
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August 27 (Tue), 2013 
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August 28 (Wed), 2013 
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August 29 (Thu), 2013 

 



 

52 
 

August 30 (Fri), 2013 
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�������� 3 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � � 2 ���� 
COMPARISON OF ATMOSPHERIC PCDD/FS AND PCBS BETWEEN TSP 
AND PM2.5 AEROSOL IN NORHTERN TAIWAN 
 
Chang YT 1, Chi KH 1*, Chou CCK 2, Chen YW 3, Weng YM 3, Hsu YC3 
 
1 Institute of Environmental and Occupational Health Sciences, National Yang Ming University, Taipei 
112, Taiwan; 2 Research Center for Environmental Changes, Academia Sinica, Taipei 115, Taiwan; 
3Environmental Analysis Laboratory EPA, Chungli 320, Taiwan.  
 
Introduction  
Epidemiological and toxicological studies have demonstrated that increased particulate matter (PM) 
cause increased cardiovascular mortality and morbidity, and this PM toxicity may increase as the particle 
size decreases. According to the epidemiological studies in Taiwan, National Mortality registry data 
were used to investigate the risk of PM2.5, and the studies indicated that the associations of total 
mortality and cardio-respiratory mortality with monthly PM2.5 concentrations were more consistent in 
Taipei city1. Each 10 µg/m3 elevation in PM2.5 air pollution was associated with approximately 4%, 6%, 
8% increased risk of all-cause, cardiopulmonary, and lung cancer mortality, respectively2. On the other 
hand, for the cardiovascular causes of death, a 10 µg/m3 in PM2.5 was associated with 8% to 18% 
increases in mortality risk, and larger risks being observed for smokers relative to nonsmokers3. 
Airborne particulate matter (PM) is the focus of public interest since ambient PM2.5 (fine particles, 
diameters <2.5 µm) concentrations have been significantly related to health effects by epidemiological 
studies. US EPA has set up standard for fine PM (PM2.5) in addition to PM10 in 1997. In 2006, they 
revised the criteria by lowering the standard for PM2.5. Recently, Taiwan government set the limit of 
ambient PM2.5 for different air quality monitoring network and will be enforced starting from 14th May 
2012. Dioxins are announced as one of the sixty-five environmental hormones in Environment Agency 
of Japan, and they are regulated as one of the twenty-one persistent organic pollutants (POPs) under the 
Stockholm Convention in 2009. Dioxins are formed and released unintentionally from anthropogenic 
sources. Particularly, the contents of dioxin-like compounds exist in suspended particles. In United 
States, hazardous air pollutants (HAPs) have caused much public concerns due to serious health effects 
they may cause. People exposed to toxic air pollutants at sufficient concentrations and durations may 
have an increased chance of getting cancer or experiencing other serious health effects. Due to their 
toxicity, endocrine disturbing effect, carcinogenicity and bioaccumulation, dioxins content in PM2.5 have 
raised great public concern worldwide. Thus, we need to build up the database of PM2.5 including 
characteristics of dioxin content in Taiwan.  
    
Materials and methods  
Taipei is the administrative capital city of Taiwan. Ambient air samples were collected for the analysis 
of PCDD/Fs and DL-PCBs from three locations over duration of 24 h on November 7–13th 2012, 
December 10–13th 2012 and December 24–26th 2012, using both TSP and PM2.5 samplers. Locations 
with diverse characteristic such as urban (National Taiwan University), traffic-affected zones (Datong 
station) and vicinity (National Yang Ming University) of the municipal solid waste incinerator (MWI) 
were selected (Figure 1). The sampling procedures were performed following the main guidelines of the 
Taiwan-EPA NIEA A809.11B, US-EPA PM2.5-Federal Reference Method, and European Union 
EN-14907 PM2.5. The sampling instruments consisted of a HVS TSP sampler (Shibata, HV-700), FRM 
PM2.5 sampler (PQ-200), and HVS PM2.5 sampler (Analitica). Ambient air samples for both vapor phase 
and solid phase of dioxin-liked compounds were collected. The samplers were equipped with Whatman 
quartz fiber filters for collecting particle-bound compounds while polyurethane foam (PUF) plugs were 
used for retaining PCDD/F compounds in the vapor phase. The main difference between these devices 
refers to the size of the particles that can reach the filter surface. The TSP sampler allows trapping the 
whole particulate, while in the PM2.5 system only particles with a size below 2.5 µm can be collected. 
The HVS TSP sampler (Shibata, HV-700) and HVS PM2.5 sampler (Analitica) was connected to a 
vacuum pump and 700 m3 of air mass was collected in 24 h at a sampling flow rate of 500 L/m3. The 
FRM PM2.5 sampler (PQ-200) were taken every 24 h and collected operating the instrument at an 
average ambient airflow of 16.7 L/m3. The PUF and filter samples were than Soxhlet extracted with 
toluene for 24 hrs, treated with concentrated sulfuric acid, and then passed through a series of clean-up 
columns containing sulfuric acid-silica gel, acidic aluminum oxide and celite/carbon. In this study, the 
seventeen 2,3,7,8-substituted PCDD/F congeners and 12 DL-PCBs (#77, #81, #105, #114, #118, #123, 
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#126, #156, #157, #167, #169 and #189) were analyzed with high-resolution gas chromatography 
(HRGC)/high-resolution mass spectrometry (HRMS) (Waters AutoSpec-Ultima and JEOL JMS-700) 
equipped with a fused silica capillary column DB-5 MS (60 m x 0.25 mm x 0.25µm, J&W). 

 
Results and discussion 
The measurements indicated that mean concentrations were 134 ± 18.5 µg/m3 for TSP and 25.0 ± 4.40 
µg/m3 for PM2.5 at urban station in Taipei city. According to the methods of EN-14907 and US-EPA 
FRM, the difference was about 1.60% in PM2.5. The ratio of the U.S. EPA FRM and FEM PM2.5 was 
about 0.77. According to NIEA A809.11B and EN-14907, the total PCDD/Fs and DL-PCBs 
concentrations (mean TEQ values) were 30.7 ± 5.26 fg WHO TEQ / m�

3 for the TSP samples and 25.5 ± 
4.74 fg WHO TEQ / m�

3 for the PM2.5 samples (Table 1). The mean DL-PCBs concentrations (mean 
TEQ values) were 2.40 ± 0.88 fg WHO TEQ / m�

3 for the TSP samples and 1.75 ± 0.64 fg WHO TEQ / �

m3 for the PM2.5 samples (Table 1). Comparing the results for the PM2.5 and TSP samples, the total TEQs 
PCDD/Fs and DL-PCBs concentrations in the PM2.5 samples were about 61.0% of the TSP samples, 
indicating that the fine particles contained higher levels of PCDD/Fs than coarse particles. The ratio of 
PCDDs/PCDFs is often used as a unique fingerprint for PCDD/F sources. The ratio of ΣPCDD/ΣPCDF 
from chemical reaction formation is greater than 1, while de novo synthesis during combustion processes 
normally shows a ratio of ΣPCDD/ΣPCDF less than 1. In this study, the ratio of ΣPCDD/ΣPCDF was 
about 0.65. The total quantity of PCDD/Fs and DL-PCBs adsorbed onto suspended particles was 456 ± 
129 pg WHO-TEQ/g-PM2.5, and 67.6 ± 42.8 pg WHO-TEQ/g-PM�2.5, respectively. The results indicated 
that the total quantity of PCDD/Fs and DL-PCBs in PM2.5 was 6-fold more than PM�2.5 (Table 2). 
Congener profiles of PCDD/Fs and DL-PCBs in air samples in Taipei city were illustrated in Figure 2 
and Figure 3, respectively. Generally, the concentrations of PCDF homologues in both the TSP and 
PM2.5 samples were higher than the PCDD homologues with the same degree of chlorination. The 
dominant congeners for TSP were octachlorinated dibenzop-dioxin (OCDD) (43.5%), octachlorinated 
dibenzo-p-furans (OCDF) (16.0%), 1,2,3,4,6,7,8-heptachlorinated dibenzo-p-furans (HpCDF) (9.00%), 
and all these together accounted for more than 67.5% of total PCDD/Fs concentration and these are all 
highly chlorinated PCDD/Fs. For the PCDD/Fs in PM2.5, the dominant congeners were OCDD(49.8%), 
OCDF(14.4%), 1,2,3,4,6,7,8-HpCDF(7.79%). OCDD had the lowest toxic potency (toxic equivalency 
factor proposed WHO, WHO2005-TEF=0.0003), thus significantly lowering the total PCDD/Fs 
WHO-TEQ concentration. The most abundant congener patterns of DL-PCBs for TSP in the ambient air 
were PCB 118 (48.6%) followed by PCB 105 (24.3%) and PCB 77(15.2%). The most dominant 
contributor to the total TEQ of DL-PCBs was PCB 126 (88.0%) for TSP and PCB 126 (86.0%) for PM2.5. 
The total PCDD/Fs and DL-PCBs concentrations for TSP and PM2.5 had similarly trend in this present 
study. Vapor-solid partitioning of PCDD/Fs and DL-PCBs in Taipei were shown in Figure 4. In general, 
the concentration of solid phase PCDD/Fs accounted for 61.0% and 46.7% of the total PCDD/Fs 
concentration for TSP and PM2.5 respectively. The concentration of solid phase DL-PCBs accounted for 
24.2% and 12.1% of the total concentration for TSP and PM2.5 respectively. Most of the DL-PCBs were 
in the vapor phase. For PCDD/Fs, Yoichi et al.(1998)4 indicated that about 50% of the total PCDD/Fs 
were found on small particles with less than 1.1 µm, and providing over 47% of the total TEQs. 
According to the study5, airborne particles was fractionated into four different size (<1.5, 1.5–2.5, 
2.5–5.0, >5.0 µm), and found that more than 60% of particles were smaller than 5.0 µm, and the particles 
contained more than 86% of the total PCDD/Fs in solid phase. However, Ward et al. (2006)6 indicated 
that the particles collected in the smoke impaired Missoula valley, by using the FRM PM2.5 sampler 
(PQ-200), was not composed of significant amounts of PCDD/Fs during the smoke events. For PCBs, 
Wenliang et al.(2010)7 indicated that size distribution of particle-bound PCBs showed that higher 
chlorinated CBs tended to the fine particles. And about the different between TSP and PM2.5, the study 
indicated that total PCDD/Fs and TEQs concentrations in the PM2.5 samples were about 66.8% 108% of �

the TSP samples, and the results showed that fine particles contained higher levels of PCDD/Fs than 
coarse particles8. Thus, PCDD/Fs and PCBs in ambient air tended to partition more to the fine particles. 
This had similarly trend in the present study. The results obtained in this study indicated that PCDD/Fs 
and DL-PCBs levels found using the TSP and PM2.5 sampling systems were comparable, thus, we can to 
build up the database of PM2.5 including characteristics of dioxin content in Taiwan. Our results 
indicated that fine particles contain larger amounts of PCDD/Fs than coarse particles and potentially had 
a more serious impact on air quality and public health. When the potential health risk by the inhalation of 
PM2.5 is going to be investigated, the dioxins associated with PM2.5 should be seriously taken into 
account. 
 



 

55 
 

Acknowledgements 
The authors gratefully acknowledge the financial support provided by the National Science Council 
(NSC100-EPA-F-001-001-). Assistance provided by Prof. M. B. Chang, Mr. S. H. Chang and Mr. P. C. 
Hung of National Central University in analyzing the data is also acknowledged. 
 
References:  
1. Cheng TJ, Wu KY, Chen CC, Li CT, Chen PC, Chou CK, Wu CF, Kuo YL, Tu HL, Chao H, Heho 

WC. (2010) NSC 98-EPA-M-002-001. National Science Council (in Chinese). 
2. Pope CA, Thun MJ, Calle EE, Krewski D, Ito K, Thurston GD. (2002); JAMA. 287: 1132-41. 
3. Pope CA, Burnett RT, Thurston GD, Thun MJ, Calle EE, Krewski D. (2004); Circulation.109: 

71-7. 
4. Yoichi K, Nakamura M, Takada S, Fukamachi K. (1998); Chemosphere. 37: 2161-71. 
5. Moon MH, Kim HJ, Lee SJ, Chang YS. (2005); J Sep Sci. 28: 1231-6. 
6. Ward TJ, Lincoln E. (2006); Environ Monit Asse. 115: 39-50. 
7. Han W, Feng J, Gu Z, Wu M, Sheng G, Fu J. (2010); J Environ Sci. 22: 589-97. 
8. Wen S, Gong Y, Li J, Shi T, Zhao Y, Wu Y. (2011); Biomed Environ Sci. 24(2): 102-11. 
 

Table 1  PCDD/Fs and DL-PCBs (fg WHO-TEQ/m3) 

NIEA A809.11B EN-14907 
 Sample concentration  

Vapor (n=8)  TSP(n=8) Vapor (n=8)  PM2.5(n=8)  
PM2.5/TSP Ratio 

PCDDs 4.41 ± 2.55 6.44 ± 2.27 5.35 ± 2.39 3.97 ± 1.57 0.63 

PCDFs 6.76 ± 1.72 10.7 ± 3.66 7.38 ± 0.79 7.05 ± 2.96 0.65 

ΣPCDD/Fs 11.2 ± 3.35 17.1 ± 4.44 12.7 ± 2.48 11.0 ± 3.60 0.64 
ΣDL-PCBs  1.82 ± 0.61 0.57 ± 0.33 1.53 ± 0.58 0.21 ± 0.09 0.33 
Total WHO- TEQ 13.0 ± 3.22 17.7 ± 4.68 14.3 ± 2.40 11.2 ± 3.62 0.63 
ΣPCDDs/ΣPCDFs Ratio 0.68 0.60 0.73 0.57  
Total WHO- TEQ(Vapor + Solid) 30.7 ± 5.26 25.5 ± 4.74  

 
 

Table 2  Mass concentrations 

 Concentration (n=8) 

TSP(µg/m3) 134 ± 18.5 
PM2.5(µg/m3)  25.0 ± 4.40 
pg WHO-TEQ/g (PM >2.5) 67.6 ± 42.8 
pg WHO-TEQ/g (PM2.5)  456 ± 129 

 
 

 
Figure 1  Relative locations of three sampling sites in Taipei Taiwan 
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�
Figure 4  Comparison of vapor/solid phase partitioning of PCDD/F and PCB congeners in ambient air 

between TSP and PM2.5 measurements. 

Figure 2  Distribution of atmospheric 
PCDD/F congener in TSP and PM2.5

measurements. 

Figure 3  Distribution of atmospheric 
DL-PCB congener in TSP and PM2.5

measurements. 
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Introduction  

Polychlorinated dibenzo-p-dioxins and dibenzo-furans (PCDD/Fs) are persistent organic pollutants 

(POPs) formed and released unintentionally from combustion or re-emitted from reservoirs. Once 

emitted into the atmosphere, PCDD/Fs partition between the solid and vapor phases, undergo 

photochemical reactions, and transport to other environmental compartments via wet and dry deposition1. 

For air monitoring of POP, high-volume samplers are used as conventional sampling techniques. The 

relative high cost of the equipment, as well as the requirement of a pump and source electricity are 

important disadvantages of this sampling method. Moreover, only daily concentrations can be 

determined. Meteorological variations and punctual emissions of POP can also modify their 

concentrations in air during short time periods. A potential alternative is use of passive samplers. These 

devices allow semi-quantitative comparisons of the atmospheric POP levels2. Polyurethane foam (PUF) 

disks, the passive air sampler for evaluate POPs in ambient air, are easy to handle and their price make 

the technique easily extended3,4 . However, in order to estimate the uptake rates under field conditions, 

active sampling can also be performed during one week in parallel with the passive sampling5. Generally, 

direct particle phase flux measurements were carried out using an aerodynamically designed water 

surface sampler, which is assumed to capture deposited particles with 100% efficiency6. Furthermore, a 

water surface sampler was successfully used for particle phase flux collections of semi-volatile organic 

compounds including polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) 
7,8. In addition, de-chlorination rates differ for each dioxin congener9; hence, the congener and isomer 

distributions observed might differ from actual distribution patterns at the time of collection. 

Investigation of deposition samples provides information on the status of PCDD/F pollution loading. 

During their transport and deposition in the atmosphere, PCDD/Fs can be removed by chemical 

degradation mechanisms, including the reaction with OH radicals10. Potential sampling artifacts of main 

concern in sampling bulk deposition of PCDD/Fs include volatilization and photolysis. The aim of this 

study was to evaluate the PCDD/Fs patterns via ambient sampling and the deposition flux sampling by 

using an automated and passive sampler, respectively. 

 

Materials and methods  

To measure PCDD/Fs in ambient air in northern Taiwan, the ambient air samples were collected using 

passive and active sampler. Polyurethane foam (PUF) disks were used as passive sampler, based on the 



 

58 
 

diffusion of gaseous phase analytic molecules to a collecting medium, as a result of differences between 

the fugacity potentials of a given analyzed in the two media. The structure of the PUF-Disk, shows in 

Figure1., contain a foam disk and filter disk positioned in a stainless steel sampling chamber consisting 

of two domes that protects the foam disks and filter disk from direct precipitation, sunlight and coarse 

particle deposition. Sampling rate was calculated from fluid dynamics for filter and exchange coefficient 

theory for PUF for typical sampling duration of 30 and 60 days. For active sampler, high-volume 

sampling train (Shibata HV-700F) was used. Both solid and vapor phases were collect by using fiber 

filters (What man quartz fiber filters, 8X10 inch) and polyurethane foam (PUF) plugs. The total volume 

of the active air sampled was greater than 1,000 m3 for a typical sampling duration of 7 days (gas flow 

rate: 100 L min-1). Sampling information shows in Table 1. To measure PCDD/F deposits at rural area in 

northern Taiwan, sampling sites of the campus of National Yang Ming University. Ambient air samples 

were collected using high-volume sampling trains (Shibata HV-700F). Both solid and vapor phases were 

collect by using fiber filters and polyurethane foam (PUF) plugs. The total volume of the air sampled 

was greater than 4,000 m3 for a typical sampling duration of 28 days (gas flow rate: 100 L min-1). In the 

same location, PCDD/F deposits were also collected with stainless steel cylindrical vessels to enable a 

comparison with the automated sampler. The deposition sampler used in this study was modified from 

an automated air precipitation trap sampler originally made in Japan11. For better comparison, the 

surface edges of the automated and traditional vessel samplers used in this study were manufactured 

with the same design. The ambient air and deposited PCDD/F samples were measured from 2008 to 

2012. All sampling information and meteorological parameters are summarized in Table 2. In this study, 

only the seventeen 2,3,7,8-substituted PCDD/F congeners were analyzed with high-resolution gas 

chromatography /high-resolution mass spectrometry (Thermo DFS). 

 

Results and discussion:  

To evaluate the use of PUF passive air samplers as a potential complementary tool for environmental 

monitoring of PCDD/Fs, sampling rates were calculated in accordance with the theory of passive air 

samplers. Passive air samplers accumulate chemicals via diffusion Passive sampler amounts of each 

congener were used and the corresponding vapor phase concentration determined separately in the active 

sampling5. For solid phase computational fluid dynamics (CFD) simulations coupled with wind 

tunnel-experiments were used to determine the sampling rate (SR) 3,4 . The atmospheric PCDD/F 

concentrations were 6.50~22.40 (n=3) fg I-TEQ/m3 with 58% solid phase partitioning by the 

high-volume sampler, 11.50~19.10 (n=12) fg I-TEQ/m3 with 64% solid phase partitioning by PUF-Disk, 

measured in northern Taiwan. The relative difference of the PCDD/F concentration between active and 

passive sampler was 42.7% and 7.4% for 30 and 60 days sampling, respectively. Figure 2, Shows the 

association in congener distribution of PCDD/Fs in ambient air between active and passive (PUF-Disk) 

sampler. OCDD was the predominant PCDD/Fs congener, 36% of the total, followed by OCDF 16% of 

the total. However, the relative difference of PCDD/Fs concentration in ambient air measured in rural 

area northern Taiwan for one-month sampling (50%) was significantly higher than that observed in the 



 

59 
 

same place (6%) for two-months sampling and industrial area (4%) for one-month sampling. Compared 

to one-month ambient air sampling, the passive air samplings with long sampling duration have the 

characteristics of higher representation and stability. Table 2 indicates that the PCDD/F deposition flux 

collected. Results are shown the PCDD/F deposition flux collected by the automated PCDD/F deposition 

sampler was significantly higher than the traditional cylindrical (p value=0.041). Hence, we consider that 

the difference of PCDD/F deposition flux between those two samplers collection is significant. 

Compared to the atmospheric deposition fluxes of PCDD/Fs measured in other Asian countries, the 

PCDD/F deposition flux measured in Taiwan was not high. However, the PCDD/F deposition flux in 

winter was significantly higher than that in summer Table 2 also shows that the ratios of total PCDD/Fs 

to TEQ flux obtained from the automated and traditional samplers were quite different. The ratio of mass 

to TEQ flux obtained with the automated sampler (19±5, n=10) was substantially lower than that 

obtained with the traditional sampler (35±19, n=10). This may be attributed to the fact that 

low-chlorinated PCDD/Fs with high toxicity vary significantly between the two types of samplers, 

leading to the different ratios of mass to TEQ flux as measured by the two samplers. The most 

significant difference between the automated sampler and the traditional one is that the automated 

sampler features a mechanism which can immediately take particles into the sampling system through 

eddy action. The traditional sampler needs to be placed outdoors for one entire month before a sample 

collection is complete. The difference between these two sampling methods can be ascribed to sunshine 

causing photolysis and re-volatilization of PCDD/Fs in the collected samples. The PCDD/F deposition 

fluxes collected with the automated sampler and the traditional one are compared and expressed as the 

relative difference of the deposition flux. The relative difference of PCDD/F deposition fluxes between 

the measurements of automated and traditional samplers in northern Taiwan. The vapor pressure of 

PCDD/F congeners increases as the temperature increases. It also results in higher fractions of PCDD/F 

congeners being vaporized from the traditional sampler, therefore, the photolysis and evaporation may 

influence the PCDD/F deposition fluxes collected by the two types of different samplers. Figure 3 

demonstrates that the relative difference in low-chlorinated PCDD/Fs was higher than that of 

high-chlorinated PCDD/Fs. The causes leading to a higher relative difference in the low-chlorinated 

PCDD/Fs were related to the difference in the half-lives of PCDD/Fs with different chlorination levels12.  
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Table 1 Sampling information of PCDD/Fs with active and passive sampler. 

Sampler Sampling duration 

(days) 

Concentration 

fg/m3 (fg I-TEQ/m3) 
Location 

30 

30 

276.5 (9.6) 

1397 (111.6) 

Rural 

Industrial 

High Volume Shibata 

HV-700F 

(Active) 

60 193.2 (16.3) Rural 

30 

30 

222 (16.0) 

1150 (116.2) 

Rural 

Industrial 

PUF(Polyurethane)-Disk 

(Passive) 

60 149 (17.2) Rural 

 

\ 
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Table 2 Sampling information and deposition flux of PCDD/Fs in Taiwan. 

Sampling 
periods 

Automated sampler 
Duration (days) 

PCDD/F 
deposition 

flux collected 
by 

cylindrical 
vessels 

PCDD/F 
deposition 

flux collected 
by 

automated 
sampler 

Relative 
difference Temperature Rainfall 

Duration 
(days) 

Sunny 
day 

Rainy 
day 

pg/m2/day 
(pg I-TEQ/m2/day) (%) oC mm 

Sep. 2011 32.8 25.2 1.70 24.7 (1.59) 74.5 (4.45) 100(94.6) 24.9 27.2 

Oct. 2011 29.0 26.6 2.30 194 (3.25) 61.6 (3.10) 104(132) 21.3 118 

Nov. 2011 30.1 16.1 1.90 70.3 (3.79) 152 (9.70) 73.5(87.7) 20.7 174 

Dec. 2011 31.8 22.7 1.00 46.1 (1.65) 130 (8.27) 95.3(134) 15.3 86.2 

Jan. 2012 31.1 28.1 2.90 76.7 (2.45) 154 (8.46) 67.0(110) 14.3 93.2 

Mar. 2012 33.2 31.7 1.40 129 (1.77) 95.4 (4.52) 30.0(87.6) 16.3 66.0 

Apr. 2012 30.8 25.7 3.30 227 (6.85) 282(9.01) 21.6(27.4) 20.2 319 

May. 2012 26.2 24.5 1.65 64.3 (1.41) 93.9(4.63) 37.4(107) 22.9 277 

Jun. 2012 22.3 30.1 2.55 86.5 (2.82) 73.7(4.19) 16.0(39.1) 24.9 442 

Jul. 2012 38.9 27.6 0.30 35.7 (1.70) 51.4(3.24) 36.1(62.6) 27.8 114 
 

  

Figure1. The structure of PUF-Disk 

 

PUF disk 

Filter disk 
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chamber 
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Figure. 2 Congener distribution of PCDD/Fs in ambient air by active sampler passive (PUF-Disk) 

sampler. 

 

 

Figure 3 The relative difference of the seventeen 2,3,7,8- chlorinated PCDD/Fs deposition fluxes 

between the measurements conducted by automated sampler and traditional cylindrical vessels 

in northern, central and southern Taiwan. 
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Chairs: Michael S. Denison, Bin Zhao 

 
10:00 
APPLICATION OF AD-DR BIOASSAY ON ASH SAMPLES 
Wu J-Y, Feng H-H, Tsou T-C, Chao H-R, Kuo Y-M, 

Wang Y-F 

1605 
 
10:40 
COMPARISON OF DIFFERENT CLEAN-UP, 
EXTRACTION AND DETECTION TECHNIQUES FOR 
THE DETERMINATION OF DL-PCBs AND PCDD/Fs 
IN SAMPLES FROM HIYOSHI CORPORATION IN 
JAPAN AND SOIL AROUND A WASTE LANDFILL IN 
CHINA 
Mao QJ, Lu SY, Chen T, Li XD, Yan JH, Cen KF, 

Nakamura M, Huang JQ 

1601 
 
11:20 
DEVELOPMENT OF A HIGH THROUGHPUT HUMAN 
CELL-BASED CALUX �  SCREENING PANEL FOR 
TOXICOLOGICAL PROFILING 
Van Vugt-Lussenburg BMA, Pieterse B, 

Middelhof I, Behnisch PA, Van Der Burg B 

1655 
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��������10 Passive Sampling Approaches and Applications 
Chairs: Jean-François Focant, Sung-Deuk Choi 

 

14:00 
PCDD/F MEASUREMENT IN AMBIENT AIR IN 
TAIWAN: PASSIVE AND ACTIVE SAMPLER 
COMPARISON 
Li CT, Lee TY, Hsu YC, Chen YW, Weng YH, 

Chi KH 

2101 
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��������11 Transfers between Environmental Compartments 
Chairs: Eric Reiner, Jung Hwan Kwon 
 
16:30 
PCDD/F MEASUREMENT AT TWO HIGH-ALTITUDE 
STATIONS IN EASTERN ASIA: EVALUATION OF 
LONG-RANGE TRANSPORT OF PCDD/Fs AND 
TRACE METALS DURING THE SOUTHEAST ASIA 
BIOMASS BURNING EVENT 
Li CT, Chi KH, Lin CY, Hsu SC, Sheu GR, Lin NH 

2602 
 
17:10 
IDENTIFICATION OF PCDD/F ATMOSPHERIC 
DEPOSITION AND EMISSION SOURCES VIA 
POSITIVE MATRIX FACTORIZATION 
Chen YF, Chang YT, Chi KH 

2652 
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��������12 Plenary Series; highlights and future challenge 
 
09:00  1. Analytical chemistry 
- Donald Patterson, EnviroSolution Consulting, USA 

09:15  2. Formation & Sources 
- Nobuyoshi Yamashita, Adv. Indus Sci / Technol, Japan 

09:30  3. Emerging POPs 
- Kurunthachalam Kannan, SUNY at Albany, USA 

09:45  4. Food and Feed 
- Martin Rose, Food/Env. Res. Agency, UK 

10:00  5. Toxicology and Health 
- Martin van den Berg, Utrecht Univ., Netherlands 

10:15  6. Environmental Levels 
- Mehran Alaee, Nat’l Water Res. Inst., Canada 

10:30  7. Human exposure 
- Andreas Sjödin, CDC, USA 


