
 
 

����������	
�����������	
�����������	
�����������	
�����

����

����

����

����

����

������������ � �� �� �� � � � � 	 
 � �  � � �� � � 	 
 � �  � � �� � � 	 
 � �  � � �� � � 	 
 � �  � � �

� � � � � 	 
 � � � � � �� � � � � 	 
 � � � � � �� � � � � 	 
 � � � � � �� � � � � 	 
 � � � � � � ����

����� � � �� � � �� � � �� � � � � � � � �  ! "� � � � �  ! "� � � � �  ! "� � � � �  ! " ����

�

�

�

��������	
��	
�����������	
��	
�����������	
��	
�����������	
��	
�������

� � � � �� � � � � � �� � � � �� � � � � � �� � � � �� � � � � � �� � � � �� � � � � � � ����

� � �  �! �� � �  �! �� � �  �! �� � �  �! � ����

" � # $ �" � # $ �" � # $ �" � # $ �% &% &% &% & '''' &&&& (((( ) )) )) )) ) *+*+*+*+ % &% &% &% & '''' &&&& (((( ) %) %) %) % ****����

, - *# �, - *# �, - *# �, - *# �% &% &% &% & '''' . .. .. .. . (((( . %. %. %. % ****����



 
 

/ 0/ 0/ 0/ 0 ����

����������������	
��������������

� � � � � � � �98� ! " �#$ % & ' 29 ( ��)* + , - . / 0 1 �2

3 4 )* / 0 1 �5 6 �7 8 2009 9 : ;  6 ��< = > ?@A B 
C � � D E

��F �G H I J K L 6 M N O P �Q R S T �U V W � � 
��X Y ��Z

[ \ 

	 
 � �  � � � � � � � � � � � � �

]	^Thermo_ DFS HRGC/HRMS ` a b c d ! e f g ��b h i j �k

� � l m )�* n o p q r s t e u v w x \ 

?	^FMS y z _ Total-Rapid-Prep { | �s L } ~ � � � � � � r � \�

� � � �� � � � �� � � � � � � � { | �� )� � � � �� s 2

� � � e = � \ 

 	 �̂ ¡ � � ¢ N £ ¤ ¥  m s U ¦ § ¨ © ª _« p �¬ Bchi y z _

SpeedExtractor® FMS y z _ PLE { | �< � ¯ L 6 )° ± _² ³ A

B = > �´ s ³ ` ]µ )* / 0 1 _¢ N c �¶ � � � = � ² ³ \ 

·	^̧ , ¹ º � ®» ¼ , 1 ½ ¾  L 6 ¿ À _)* + , - . / 0 1 �� �

Á S Â ÃÄ ¸ ?Å Æ Ç 	» ¼ ; È ®» ¼ ; É Ê È Ë , � 1 P & Ì Í


��Î Ï � � 2 � ± Ð ° ± 
��R = � ����Ñ Ò Ó \ 

Ô	^' Õ Ö ( 9 : ;  6 × Ø ! ÙÖ ÚÖ  ÛÜ ÚÙÝÚÞ ß ` à �á â ã ä å ^æ å ç è å é è

% & �H I � ê ë ì )* 6 � �í 6 �= > A B �M �O P S T \ 



î ¯  

 

ï 	^î _ ---------------------------------------------------------------------------------------1 

ð 	^ñ ò  ---------------------------------------------------------------------------------------2 

� 	^ó ô  ---------------------------------------------------------------------------------------4 

õ 	^Î Ï  --------------------------------------------------------------------------------------19 

ö 	^� w ÷ ø  --------------------------------------------------------------------------------20 

ù ú ] ------------------------------------------------------------------------------------------21 

ù ú ? ------------------------------------------------------------------------------------------44 

 

 



 

 
 

1

ï 	î _ 

 

2 3 4 )* / 0 1 �persistent organic pollutants� POPs�ûü )ý þ 
��� 1 �

� 4 �� 6 Ã � � �- . � � ý s � � ² _, 	 1 h �
 � � �  � � � 1 h s � � �

� � § e f � l X ³ ��� _ � � �� � � § � � � � _�� �� ��� � � U »  !

� m " # ® $ < - . " _POPs\̀ © � �- . % & ' _ ( � ) �* )] + Ä , �Q Á S

- ' � . á / 0 1 y * �¨ Á ! 2004 5Ü17 ß 2 ª �3 \ . á / 0 1 y * 4 Ø 5 6 �

� 	P 7 	8 7 	� � ®X ³ POPsR 9 :; < = > \? y * t 12:� û � @ R A 
�)

* / 0 1 �B C DDT	Aldrin	Dieldrin	Endrin	Hexachlorobenzene	Cholrdane	Heptachlor	

Toxaphene	Mirex 	PCBs	Dioxins	Furans Ë � D û ; < Ã E \î _½ 7 ñ n N ) 3

= > �" # ®/�$ < � F G Ø _12: 2 3 4 )* / 0 1 H I � J I �U K L � Ç _ M N

®�O - . \ 

��)* + , - . / 0 1 �2 3 4 )* / 0 1 �5 6 �7 8 9 : ;  6 �½ ] , P

Q _���5 6 �! 1980 * + R S T 	 Q ` U L V W X % Y ']( �Z r _6 Ï [ 8

½ \International Symposium on Chlorinated Dioxins and Related Compounds] �̂ Q ½ �

û Z r ) _ Ä P L _/ 0 ` ú �¬ = � ` ab ®ß � _ c d e ` ú 	 f g _ h � ®

2,4,5-T i j � / 0 �U � U L V Seveso k l m 9 : ; F n ` ú �K o p  Ø H % Y �5

6 \ q r ��c Ã! 2 )4 )* / 0 1 _± s � t u �L 6 _ [ 8 � 2006 v � û

\International Symposium on Halogenated Persistent Organic Pollutants ] �� 5 A

_Ï w �´ � 9 : ; x � § Ä :)* + , 1 ¬ i j � 	¸ , ¹ º � �» ¼ , 	 � Ë Ë \ 

û2 � ��������	
��R = � �������÷ ø �� � y � � � �

� �98� ! " �#$ % & ' 29 ( ��)* + , - . / 0 1 �2 3 4 )* / 0 1 �5

6 �2009 9 : ;  6 ��< = > A B 
C � � D E ��F �G H I J K L 6 M N O P �

Q R S T �U V W � � 
��X Y ��Z [ \ 



 

 
 

2

ð 	ñ ò  

 

]	^ & ò z Q ^

' ÙÛ ( { ��+ , 2 3 4 )* / 0 1 �5 6 ^ | ÙÛç } ^ ~ å ç � � å ä ç é è å ä � ^ ã � � � è � é � � ^ è å ^

� ä � è � � å ä ç � � ^ � � � � é � ç � å ç ^ � � � ä å é � ^ � è � � � ç ä å ç � � � �! " �#$ R #$ ��6 Ï " ó �¬ � Ú�

% & �6 H � Û� �Ü ÙÕ ß � Ù� ß �� p � ß \ 

ß H  � �  D E z Q  

98.8.22 a#- " �#$  � ò  

98.8.23-8.28 " �#$  � � { ' ÙÛ ( ��+ , 2 3 4 )* / 0 1

�5 6 � ^

98.8.29 " �#$ -a# � ò  

L 6 6 � S ! 2008#$ : ! 6 _ ^ � � -�Q � � � �´ � ½ \� � ] ù ¥ � � )

� + y � R   \¡ & * 10
 ¢ s U m § #$ � £ 8 ¤ ¥ _{ : ¦ § ¨ " ó © � \ª

! « % Y ¬ : ! R � �ù ¥ _  ® ��7 Î « ° Z � ¯ �� 6 � � ` S � ! #$ °

" ó # ± ��7 ² 8 ³ V \ 

 

 
� 1 L 6 6 � -#$ ��6 Ï " ó  

 



 

 
 

3

?	^ 6 Ï z Q  

� ( L 6 B ´ * ¥ µ � �6 �L 6 ¶ ³ #$ ��6 Ï " ó ]�  · _L ¸ ¹ 6

Ï º �L » �ª ! � V R ³ �6 � D E � � ¼ ½ U ¾ ¿ � " B À Á �6 Â Ã Q _ Ä

Å � Æ Ç \ 

� ¯ �5 6 = > R A B È � Y 692 @�
� 7 É A B Ê Ë � Ì Í A B � � ?

:�e " 7 É Ê Ë 260@�Ì Í � � ) 432@\7 É A B Ê Ë ¸ 
�
 6 , � � ë

r P & �p Î p , � � s = > * 15@A B �P & Ï ª ½ X ³ Power Point Ð Í Ñ �

P & 15 
 ¢ Ð Í � Ò o Ó Ô 5 
 ¢ V Õ ÖÌ Í A B ¸ 
� � x × Ä � Ø Ò ½ » ¸

� ë � 8 �� 
û Ù , r Ú E Â Ã Û ! ` A B Ü Ý Ó �V Õ \K ¯ L 6 t j Þ � �

ß J � Ì Í � � ` ] · � � » � ° à _ � � �á � � Â s U ` 7 É A B Ê Ë _ â ã

r � ë r � � Ù : � � \ 

L 6 ! 8Ü 23 ß c ä å æ Ô � Í § Ö� 8Ü 24� 27 ß ½ A B � ç è = > r

� �L 6 Ï ò � 9 ^ w A B Ê Ë ( B C L 6 é w ç è ) R @ [ �E Â ¬ ù ú ] I\ê ,

L 6 ! 8Ü 28 ß " ä & ) ¬ à _ ë � \ 

 
� 2 L 6 ç è »  

 



 

 
 

4

� 	ó ô  

]	K ¯ � � ' 29 ( 9 : ;  6 � ì í ¨ � ¦ �� � î ï ° ± R A B = > � B C î �

ð ñ 9 �Ã! 9 : 2 3 4 )* / 0 1 _
���/ 0 1 ! - . R �Ñ 	m ò 	�

� ó ô � õ ö ÷ ø Ë �� � ÷ ù t s V ú � � î � �l m û & )± + , 2 3 4 / 0

1 ��R � w 
 � \ 

]	� ¯ 9 : ;  6 A B ê ü 5 ý þ L ^ w \ 9 ^ w �� 5 ý R � ^ w ¬ ) �  

1. Analysis 

� Sampling: strategy, theory and practice 
� New instrumental techniques for POPs analysis 
� High speed bioassay, screening techniques and methods 
� Quality assurance and quality control (QA/QC) 
� Sample preparation and clean up 
� Analysis of BFRs, PFCs and other emerging contaminants– Analytical approaches 

and new developments 

2. Environment levels and fate 

� BFRs, PFCs and other emerging contaminants– environmental levels, distributions 
and transformation 

� Global fate & long range transport 
� POPs in soil and sediments (levels and processes) 
� POPs in air & indoor atmospheres (levels and processes) 
� POPs in marine mammals: levels, effects, trends 
� POPs monitoring in polar areas and high plateau 
� Temporal Trends and Spatial Variation of POPs 

3. Exposure (human and environmental exposure) 

� POPs in humans (pattern, levels and trends) 
� Environmental exposure of POPs 
� Industrial, occupational, and indoor exposure 
� BFRs, PFCs and other POPs: public health and exposure 

4. Food and feed safety, drinking water 

� POPs in food and feed (levels and trends) 
� Food contamination sources and transport 
� Decontamination and cooking process 
� Dietary intake of POPs 



 

 
 

5

� POPs in drinking water 
� Food regulations and guideline (legal and other measures) 

5. Toxicology & Risk Assessment 

� The AhR and mechanisms of toxicity 
� Field studies and ecotoxicology 
� Toxicology of dioxins, PCBs and other POPs 
� Dioxins and risk assessment 
� Cancer risk and dioxin exposure estimated from serum evaluation 
� Epidemiology of POPs 
� Neurotoxicity, reproduction and immunotoxicity of POPs 
� Integrating Toxicology and Epidemiology for Risk Assessment 

6. Sources, formation and control measures 

� Metallurgy process 
� Source control technologies 
� Laboratory and field studies of formation and sources 
� Incineration and thermal processes 
� Non-thermal sources 

7. Control technologies and policies 

� Destruction and degradation technologies 
� Catalysis & photolysis 
� Nanomaterials and related technologies. 
� Remediation & elimination 
� Environmental consulting and regulations 
� Environmental policy and management 

8. Hot issues and related areas 

� Emerging POPs and new development 
� Chiral Xenobiotics and natural Halogenated Compounds 
� Asia (Vietnam et al) and other regional contamination of dioxins and POPs 
� Identification of unresolved complex mixtures (UCMs) 
� Dioxin Exposure study 
� All other unmentioned topics 
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(·) POPs monitoring in polar areas and high plateau 
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� 4 Schematic representation of global environmental contamination trends of 

organohalogen compounds 
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� 9 Bchi Extraction System B-811 
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Welcome  
Dear Friends and Colleagues, 
On behalf of the Local Organizing and National Scientific Committee members, as 
well as the International Advisory Board, it is with great pleasure that we welcome 
you to San Antonio for the 30th International Symposium on Halogenated Persistent 
Organic Pollutants (POPs) - Dioxin 2010. 
The symposium will return to the United States, after six exciting years around the 
globe, and we know that San Antonio, deep in the heart of Texas, will prove to be a 
world-class host for the 30th anniversary of the Dioxin Conferences. With its 
advanced meeting facilities and central location, the Marriott Rivercenter will be the 
conference headquarters, serving as both the official Dioxin 2010 hotel and scientific 
program venue. 
Dioxin 2010 will offer a diverse scientific program, encompassing many of the 
traditional topics and also addressing new and emerging ones. In addition to the full 
scientific program, we will offer many social events and tours for delegates and their 
guests.  
We look forward to seeing you in San Antonio, Texas, in September 2010, 
 
Laurie Haws, Ph.D., DABT 
Symposium Chair 
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AN EFFICIENT AND GREEN CLEANUP SYSTEM FOR ANALYSIS DIOXIN, 

DIOXIN-LIKE PCBS AND PBDES 
 

LEE T Y 1,Chen Y W 1, Wu C P1, Peng J h 1,Weng Y M 1 and Robert O H2 
1 Environmental Analysis Laboratory (EAL), Environmental Protection Administration (EPA), Chung Li City, 
Taoyuan County, Taiwan 32024, R.O.C.�2 Ph.D. President CAPE Technologies, L.L.C., USA 

�
Abstract 
We use a fast and relatively cost effective method, the CAPE coupled carbon-acid silica column, to improve the 
efficiency for the analyses of PCDD/Fs, dioxin-like PCBs and PBDEs in environmental samples. The blank 
concentrations for Total 24 PBDEs (3-Br to 10-Br) only from 0.483 to 1.39 ng/column and the main congeners 
were BDE-47, BDE-209 and BDE-99. We had made the MDL for Total PBDEs was 4.47 ng/g by used the new 
cleanup processes. We have tested 64 real samples of different environmental matrices using this method from 
2008 to 2009. The recovery range of the 13C12-PCDD/Fs is 65.7%~103%, 13C12-PCBs isotopes is 52.2~81.8% 
and the 13C12-PBDes isotopes is 36.7%~106%. It meets the QA/QC criteria of US EPA Methods 1613B, 1668A 
and 1614. We have successfully applied this technique in samples such as biological samples, sediment and 
dustfall matrices and will extend it to applications in other matrices. 
 

Introduction 
Many samples needed analysis Dioxins/Furans, Dioxin-Like PCBs and PBDEs For human health because 
PBDEs, PCBs and PCDD/Fs are recognized as three types of anthropogenic environmental pollutants with high 
toxicity 1. Nowadays, occurrence of PBDEs has caused the growing public concern, and thus has been included 
in monitoring program along with PCBs and dioxins. However, simultaneous analysis of these three toxic 
chemical families in one single sample has been seldom reported.2,3 Those are easy to extraction from sample 
together. So we want to find a fast, easy, cheap, environmental friendly, and efficiency cleanup procedure to 
treatment the sample. The best ideas are cleanup them together and separate before analysis.  
The traditional time-consuming cleanup procedures such as silica, alumina and carbon column were widely 
adopted by analysis PCDD/Fs and DLPCBs. Many research projects endeavored to shorten the time of cleanup 
procedure. Automatic systems, such as Automatic Cleanup Robot and Power-Prep System4 were involved in 
these tests. Though these facilities exhibit outstanding performances, the cost of these equipments is generally 
too expensive for most commercial labs to afford. Therefore, we would like to apply an alternative method, the 
CAPE coupled carbon-acid silica column, which is design for ELISA cleanup system so it is fast, easy and more 
cost-effective.5 We have to improve the carbon contaminated by PBDEs and modify the cleanup procedure. Now 
the new CAPE coupled carbon-acid silica column can be used to cleanup for 17 PCDD/Fs, 12 DLPCB and 24 
PBDEs (3-Br to 10-Br, include BDE-209) analysis. 
 

Materials and Methods 
All solvents were pesticide residue grade and were purchased from Merck, Tedia, Sigma–Aldrich. Silica gel 
(100-200 mesh) was obtained from Fisher. Cellulose and glass filber thimble was obtained from Sartorius. 
Standard solutions of PCDD/Fs (1613-LCS (Labeled Compound Stock Solution), 1613-ISS (13C-1, 2, 3, 
4-TCDD and 13C-1, 2, 3, 7, 8, 9-HxCDD Internal Standard Spiking Solution), 1613-CSS (Cleanup Standard 
Spiking Solution), 1613-PAR (Native PCDD/Fs, Precision and Recovery Stock Solution), and 1613CVS (EPA 
Method 1613, Calibration and Verfication Solutions CS1-CS5)), PCBs (WP-LCS (WHO 13C-PCBs Surrogate 
Spiking Solution), WP-ISS (WHO 13C-PCBs, Internal Standard Solution), WP-STK (Native PCB Solution), 
WP-CVS (“Dioxin-Like” PCBs, Calibration and Verification Solutions CS1-CS7)), and PBDEs (MBDE-MXE 
(Mass-Labelled PBDE Solution/Mixture), BDE-CVS-EISS (Mass-Labelled PBDE Internal Standard Solution), 
BDE-MXE (Native PBDE Solution/Mixture), BDE-CVS-E (BDE-CVS-E, Calibration Solutions CS1-CS5)) 
were obtained from Wellington Laboratories. 
All sample need add 3 different kinds internal standard before extration. When finished extraction sample need 
to condense to near dry and transfer for cleanup. PCDD/Fs analysis need add cleanup standard before cleanup. 
 
CAPE coupled carbon-acid silica column 
The coupled carbon-acid silica column is taken from the Dioxin/Furan Immunoassay Kit manufactured by the 
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CAPE Technologies. It is originally used for a biological 
screening method for the USEPA Method 4025. We 
developed this method in our lab as a backup method for 
the screening method DR-CALUX that we established 
in 2004. Surprisingly, we found this coupled column can 
be applied in the chemical confirmation method too. In 
order to get better recovery of isotope standards and meet 
the QA/QC criteria of US EPA Methods 1613B, 1668A, 
and 1614. The new carbon column was labeled ” product 
# CCXC-60�Ultra Clean Carbon Mini-Columns for 
Cleanup of PBDE Sample Extracts “. The original 
cleanup procedures6, 7 were modified to the procedure as 
cited in the followings: Pretreatment the extract by 
acid-silica column if needed. (Add copper to remove 
sulfur for sediment samples.) CAPE coupled carbon-acid 
silica column is set up as the picture in Figure 1. Use 
stopper/stopcock assembly and syringe to pressurize the 
column and maintain a drop-wise flow rate of 0.5-1.0mL 
per minute when eluted by solvent. Add 40mL n-hexane 
to prewash the acid-silica column, and add 10mL 
n-hexane for combine carbon column let no bubble. Add 
2mL n-hexane /time x 3 times, to transfer sample extract 
to column. Add 10mL n-hexane to elute column remove 
the impurity. Add 10mL n-hexane /time x 2 times to elute 
column again and start to collect all solvent passed 
through column for dioxin-like PCBs and PBDEs fraction. Remove and transfer carbon mini-column to a clean 
empty column. Add 5-5.5mL of 1:1 toluene: n-hexane to elute column and combine all solvent passed through 
column for dioxin-like PCBs and PBDEs fraction. Reverse the direction of carbon mini-column. Add 20-30mL 
of toluene to elute column and collect all solvent passed through column for PCDD/Fs fraction. The two parts 
sample need condense to near dry and transfer to vial and add different kinds recovery standard for analysis. 
DLPCBs and PBDEs can be separate by HRGC/HRMS. 
 
HRGC/HRMS 
The analysis of samples was performed on a HRGC (HP 6890)/ HRMS (JEOL JMS-700). PCDD/Fs and DLPCB 
was using DB-5MS 60m column and PBDEs using DB5-HT 15m column. Operating at >10000 resolution for 
PCDD/Fs and DLPCB, and operating at >5000 resolution for PBDEs using EI ionization at 35 ev. All 
measurements were achieved in selective ion recording (SIR) mode, monitoring the two most abundant ions in 
the cluster.  
 
Blank Test and Real Sample Testing 
We have tested all the solvent and materials for PBDEs contaminations control. The last blank 12 carbon tests 
had recorders. 47 biological samples (include QA/QC sample) used CAPE coupled carbon-acid silica column 
cleanup and analysis 17 PCDD/Fs, 12 DLPCB and 24 PBDEs (3-Br to 10-Br, include BDE-209) in 2008. 18 
sediment and dustfall samples (include QA/QC sample) used CAPE coupled carbon-acid silica column cleanup 
and analysis 17 PCDD/Fs, 12 DLPCB and 24 PBDEs (3-Br to 10-Br, include BDE-209) in 2009. Experimental 
results are shown in next paragraph. 

 
Results and Discussion 
CAPE coupled carbon-acid silica column cleanup process compare other cleanup processes 
As we can see in Table 1, CAPE process used the fewer columns, less solvent, less cost and less time to operate 
it. CAPE coupled carbon-acid silica column cleanup process only needs n-hexane and Toluene to elute, because 
the column already packed so we can use it immediately. Columns supply from agency was easy control quality. 
Only needs dry boxes to preserve the columns so we don’t need any energy for the process. Less solvent means 
less pollution. Less operation time mean less cost and easy to operate. So we think it was a ‘green’ cleanup 
process.  
 
Improve CAPE carbon for PBDEs 
 
 

Fig. 1: CAPE coupled carbon-acid silica column 
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We have already analyzed more than 1000 samples covering various environmental matrices using CAPE 
coupled carbon-acid silica column for PCDD/Fs and DLPCB. But nowadays we need analysis PBDEs together. 
When we used CAPE coupled carbon-acid silica column cleanup process to analysis PBDEs we found high 
background in carbon. The blank carbon contents the PBDEs concentrations from 0.9 to 56.3 ng/column. It was 
too high to environmental sample. So we cooperator to CAPE Technologies try to solve the problem. Finally we 
found the main contamination was from package – a PUF to prevent knots. CAPE Technologies try to change the 
different package and make the new carbon column named “Ultra Clean Carbon Mini-Columns for Cleanup of 
PBDE Sample Extracts”. The last 12 test data as shown in fig 2, we can found the blank concentrations for total 
PBDEs only from 0.483 to 1.39 ng/column and the main congeners were BDE-47, BDE-209 and BDE-99. Those 
main congeners same as environmental samples so we hope that can be control in lower levels. We had made the 
MDL for Total PBDEs was 4.47 ng/g by used the new cleanup processes. Although the PBDEs standards were 
included 1-Br and 2-Br but they were easy loss by N2 purge and acid-silica cleanup that would bad recovery and 
they won’t the main congeners in sample. So we had rejected the 1-Br and 2-Br data from the total PBDEs only 
calculate 24 congeners from 3-Br to 10-Br (include BDE-209).  
 
The real sample analysis 
 
For real sample testing, the recovery of the 13C12-PCDD/Fs, 13C12-DLPCBs and 13C12-PBDEs isotopes are shown 
in Table 2 and Figure 3 to Figure 5. In Table 2, it is shown that different matrices sample recovery in 
13C12-PCDD/Fs isotopes from 65.7% to 103%, the recovery of 13C12-DLPCBs isotopes from 52.2% to 81.8%, 
and the recovery of 13C12-PBDes isotopes from 36.7% to 106%. In Figure 3, It is shown that TCDD/Fs isotopes 
had lower recovery than others. In Figure 4, It is shown that average isotopes recovery for DLPCB. But in Figure 
5, It is shown that BDE-209 isotope had lower recovery than others because the HRMS programs not very stable 
for it. As told by CAPE Technologies, the materials used mini-carbon column is very similar to AX-21 and will 
tend to trap PCDD/Fs, DLPCBs and PBDEs congeners. All the data were finished by our lab from 6 analysts and 
had similar results. 
 
These results are not as good as those using the Power-Prep System4, but are good enough to meet the QA/QC 
criteria of US EPA Methods 1613B, 1668A and 1614. CAPE coupled carbon-acid silica column is much less 
costly as the column of Power-Prep System. The cleanup procedure is simple, user-friendly and need much less 
amount of solvent. The total operation time of 8-10 samples is about 3 hours. As each coupled carbon-acid silica 
column can be operated independently, it allows several analysts to operate the clean-up procedure in the same 
time. And the recovery would stable with several analysts. This will enhance the productivity substantially in the 
analysis of PCDD/Fs, DLPCBs and PBDEs. 

 
Before this study we had enough data to support that CAPE coupled carbon-acid silica column can be used to 
other enviroment matrices, such as stack gas, ambient air, water, waste, plant, and so on5. Now we add the new 
function for PBDEs. We hope the efficient and green cleanup system for analysis Dioxin, Dioxin-Like PCBs and 
PBDEs could be applied in the future. 
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Table 1. Compare CAPE coupled carbon-acid silica column cleanup process with other cleanup processes 
Cleanup process Used column Used solvent 

type 
Total used Solvent 
amount for a 
sample 

Apparatus 
cost 

Column cost 
for a sample 

Operation 
time for a 
batch 

Operation 
Energy  

Traditional 
Cleanup8 

Silica 
Alumina 
Carbon 

n-hexane 
DCM 
Toluene 

~350 mL lower ~$25 ~24 hr oven 

Power-Prep 
System 

Silica 
Alumina 
Carbon 

n-hexane 
DCM 
Toluene 
Benzene 

~720 mL More than 
$180000 

~$60 ~5 hr Computer 
Pump 
Control 
unit 

CAPE column Silica 
Carbon 

n-hexane 
Toluene 

~140 mL lower ~$25 ~3 hr no 

Note 1.all cleanup processes had not consider pretreatment processes for special matrices. 
2. Total used Solvent amount include all solvent used to pre-clean column, and elute cleanup for sample. 
3. Operation time for a batch include setup columns, pre-clean columns, and real elute samples time for 

8-10 samples.�

 
 

Figure 2. 12 blank carbons containment for PBDEs
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Table 2. The real samples  IS recovery used CAPE columns cleanup processes to analysis PCDD/Fs, DLPCBs, and PBDEs 
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LEVELS OF PCDDS, PCDFS, DIOXIN-LIKE PCBS, AND PBDES IN FISH SAMPLES 
FROM RIVERS AND ESTUARIES IN TAIWAN 

 

Peng J H, Wu C P, Lee T Y, Chen Y W, Lin Y Y, Hsu Y C, Tsai C L, Weng Y M. 

 
1Environmental Analysis Laboratory, Environmental Protection Administration, Executive Yuan, No. 260, Sec. 3, 

Ming Tsu Rd., Chung-Li City, Taoyuan County, Taiwan 32024, R.O.C 
 

Abstract 

The concentrations of polychlorinated dibenzo-p-dioxin (PCDDs), polychlorinated dibenzo- p-furan (PCDFs), 

dioxin-like polychlorinated biphenyls (DLPCBs), and polybrominated diphenyl ethers (PBDEs) were measured 

in fifty-nine fish samples collected from rivers and estuaries in Taiwan. Determination of PCDDs/PCDFs/ 

DLPCBs and PBDEs was carried out using HRGC/HRMS. For all fish of all species from all sampling areas, the 

concentration range for PCDDs/PCDFs and DLPCBs World Health Organization Toxic Equivalent (WHO-TEF) 

were 0.024 ~ 1.02 pg WHO-TEQ/g wet weight and 0.023 ~ 14.1 pg WHO-TEQ/g wet weight respectively. The 

concentration range for PBDEs were 12.1 ~ 380 ng/g lipid weight, with BDE-47�BDE-154�BDE-100 ~ 

BDE-99�BDE-153�BDE-183�The highest concentrations of both PCDDs/PCDFs and PBDEs were found in 

the area of Erren river and the highest concentrations of DLPCBs was found in Dahan river. The average 

recoveries of the 13C-labelled internal standards for PCDDs/PCDFs, Dioxin-like PCBs and PBDEs were in the 

range of 63 ~ 95 %, 54 ~ 78 % and 37 ~ 126 % respectively. The average recoveries of the method blank spike 

samples for PCDDs/PCDFs, Dioxin-like PCBs and PBDEs were in the range of 86 ~ 99 %, 105 ~ 112 % and 86 

~ 119 % (133% for BDE-209) respectively. 

 

Introduction 

Polychlorinated dibenzo-p-dioxin (PCDDs), polychlorinated dibenzo- p-furan (PCDFs), dioxin-like 

polychlorinated biphenyls (DLPCBs) are a group of toxic and highly persistent organic compounds that consist 

of 75, 135 and 209 congeners, respectively. Due to its chemical stability, their lipid solubility, and its ubiquitous 

prevalence in environmental, PCDDs, PCDFs and PCBs constitute which is called persistent organic pollutants 

(POPs). Polybrominated diphenyl ethers (PBDEs) are one of several types of brominated flame retardants and 

are also bioaccumulative, lipophilic, and persistent1-4. Human chronic exposure to those highly lipophilic and 

persistent compounds via food chain has led to the accumulation of both parent compounds and its metabolites 

in lipid rich tissues such as adipose tissues and human breast milk5,6. One possible exposure pathway by which 

humans and other upper trophic level species can be exposed to POPs is through consumption of dietary fish, 

This paper presented the analytical results of 17 PCDDs/PCDFs, 12 DLPCBs and 25 PBDEs congeners in all the 
samples. The purpose of the current study was to evaluate the distribution of PCDDS/PCDFs, DLPCBs and 

PBDEs in fish samples from eight rivers and estuaries in Taiwan. These data will be used to evaluate temporal 

and spatial trends of these POPs, and may also be used in health risk assessment. 
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Materials and Methods����

PCDDs/PCDFs/Dioxin-like PCBs and PBDEs standards were purchased from Wellington Laboratories. 10 g 

of freeze-dried muscle and tissue samples were extracted with Soxhlet extraction. Before extraction, the sample 

was fortified with internal standards (6 13C-PCDDs, 9 13C- PCDFs, 12 13C-Dioxin-like PCBs and 10 

13C-PBDEs). The lipid extracts were removed by mixing with 30 g acidified silica gel in hexane. A CAPE 

carbon column was used to separate interferences, PCDDs/PCDFs/Dioxin-like PCBs and PBDEs. Dioxin-like 

PCBs and PBDEs portion were collected using 5 mL of hexane/toluene eluent in forward direction of carbon 

column, and then reverse carbon column and PCDDs/PCDFs fraction was eluted by 30 mL toluene. Before 

instrument analysis, 13C-labeled injection standards were added and the vials were vortexed to mix completely. 

All analyses were performed with the isotope dilution method. Quantification of PCDDs/PCDFs/Dioxin-like 

PCBs and PBDEs were performed by GC-HRMS using a JMS-700 high resolution mass spectrometer (JEOL, 

Tokyo, Japan) equipped with a Hewlett-Packard (HP) model 6890 series gas chromatograph and a CTC PAL 

autosampler.  The instrument operates at 10,000 resolution for PCDDs/PCDFs/Dioxin-like PCBs analysis and 

at 8,000 resolution for PBDEs analysis, The details of the MS analysis and quality control are described in the 

EPA method 1613B, 1668A and method 1614. 

 

Results and Discussion����

A total of 59 composite fish samples were analyzed. Table 1 shows the sampling location, no.of samples and 

average concentrations ( min ~ max concentration) for each river site. The column headed “ WHO-TEQ”  refers 

to the total toxicity from all 17 2,3,7,8-substituted PCDDs/PCDFs congeners based on the World Health 

Organization Toxic Equivalents’ method. The column headed “ PCB-TEQ”  refers to the Dioxin-like toxicity, 

using the WHO-TEF method, containing 4 non-ortho PCBs and 8 mono-ortho PCBs. For PBDEs, there is no 

analogous concept to WHO-TEQ. Thus, we report the concentrations of the individual congeners, BDE-47, -99, 

-100, -153, -154 and -183, and their sum. For the purpose of calculating WHO-TEQ for PCDDs/PCDFs/ 

DLPCBs and total level of PBDEs, a concentration of 1/2 of the detection limit was used for each nondetect. 

The concentration of total PCDDs/PCDFs ranged from 0.024 ~ 1.02 pg-WHO-TEQ/g ww. The highest level of 

PCDDs/PCDFs occurring at Ye-cu-jia Bridge, downstream of Erh-Jen River and the main congeners of the 

Nematalosa come species are 2,3,7,8-TCDF(26.1%), 2,3,4,7,8-PeCDF(22.9%), OCDD(7.8%) and 

1,2,3,7,8-PeCDF(7,5%). As might be expected, Erh-Jen River is in southwestern Taiwan and is considered 

among one of the most polluted rivers in Taiwan. Decades ago, a number of metal reclamation activities 

including acid washing, open-air incineration of waste computer components and scrap electrical wires/cables, 

disposal of waste motors and electrical transformers/capacitors, as well as numerous of municipal and 

agricultural activities, are believed to have discharged waste water effluent containing large amounts of heavy 

metals, polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxin and dibenzofurans (PCDD/Fs) into 

this river.  In Taiwan, fish in rivers is not the primary protein source in the diet of resident. Judging from the 

European Union regulation limit of fish products (4.0 pg TEQ/g ww), all the concentrations in this study were 

lower than that of the criteria.  
The levels of PCB-TEQ ranged from 0.023 ~ 14.1 pg-WHO-TEQ/g ww. The highest level of PCB-TEQ was 
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found at midstream of Dahan River. The average toxicity of DLPCBs collected from 3 sampling sites were 

exceed 1.0 pg-WHO-TEQ/g ww including Erren River, Dahan River and Houjin Creek. Houjin Creek. flows 

through several industrial zones in southern part of Taiwan. Contamination of DLPCBs may come from factories 

from that area. Dahan River in midstream is the most contaminated in the Tamsui River Basin. The main 

pollution sources of water quality may come from domestic sewage and industrial wasted water. Seven fish 

samples were collected from Dahan River, and there is only one Oreochromis sp. was in 14.1 pg-WHO-TEQ/g 

ww., 10 times higher than other sampling points. Due to the wide dispersion of PCB-TEQ (0.069 ~ 14.1 

pg-WHO-TEQ/g ww.) in Dahan River, further investigation should be continued. The main congeners of 

DLPCBs in fish samples are PCB-118>PCB-105 > PCB-156. The sum concentrations of PCB-118, PCB-105 and 

PCB-156 constituted 79 ~ 99 % of the total of DLPCBs in all fish samples collected from the different sites. 

Considering toxicity of dioxin-like compounds, DLPCBs accounted for 74 % (a the range of 33 ~ 97%) of total 

TEQ in fish samples. 

The table 1 gives the concentration for all congeners in ng/g on lipid weight basis for PBDEs. At most sites, 

individual PBDE congeners were present at detectable levels in fish tissue, with the mean ∑ PBDE concentration 

ranging from 69.1 to 230 ng/g lipid. The highest average levels of PBDEs were measured from Houjin Creek, 

while the lowest levels were measured from Laojie River. The highest value of PBDEs was 380 ng/g lipid and 

was measured in Chongde Bridge from Erren River. These data are mostly in good agreement with data 

published by other investigators7-9. The highest values are found for samples originating from the San Francisco 

Bay Area7 and San Francisco Estuary8
�The average concentration of major PBDEs congeners in each rivers are 

presented in Figure1. As already reported in literature9 BDE 47 was the dominant congeners in tissue followed 

by BDE 154�BDE 99 and BDE 100. The PBDE profile was similar in all fish species. 
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Table 1. Concentrations of PCDD/Fs, PCB and PBDE in fish samples from rivers and estuaries 

Location n PCDD/F-TEQ (pg/g w.w.) PCB-TEQ (pg/g w.w.) PBDE (ng/g lipid) 

Laojie River 3 0.275 (0.099 ~ 0.618) 0.395 (0.067 ~ 0.935) 69.1 (40.7 ~ 85.2) 

Tung-shan River 7 0.234 (0.058 ~ 0.646) 0.541 (0.071 ~ 1.20) 89.2 (51.2 ~ 182) 

Wu River 5 0.136 (0.033 ~ 0.416) 0.260 (0.023 ~ 0.442) 124 (37.0 ~ 216) 

Houjin Creek 5 0.248 (0.071 ~ 0.552) 1.20 (0.247 ~ 2.0) 230 (103~ 366) 

Erren River 14 0.291 (0.057 ~ 1.02) 3.31 (0.089 ~ 10.4) 187 (40.2 ~ 380) 

Niouchou River 5 0.117 (0.057 ~ 0.179) 0.144 (0.034 ~ 0.328) 104 (57.2 ~ 147) 

Dahan River 7 0.337 (0.034 ~ 0.584) 2.91 (0.069 ~ 14.1) 74.3 (12.1 ~ 148) 

Keelung River 13 0.111 (0.024 ~ 0.407) 0.449 (0.028 ~ 1.63) 152 (25.1 ~ 287) 
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Figure 1. The average concentration profile of major PBDEs congener in fish samples. 
 


