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2002 2001

 

2002  

 

 

4  

2002 PCB HCB DDT

-HCH -HCH

2003 cis- trans-

-HCH -HCH -HCH

-HCH 2009

 

2004 3 HBB

2005 4

BHT

2006 4

2,4,6- -tert- 2- -4- -6-

-1,3,5- 2,2,2- -1,1- (4- )

-n- -n-

2007

-1,3- 4

A

2008

4 10

4

2,2,2- -1,1- (4- )

-n- -n- 2- -4- -6-

-1,3,5- N,N'- -p-

2,6- -tert- -4- BHT 2,4,6- -tert-

2009

PFOS PFOA

4 10

4  

2009 5 COP4 HCH
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PFOS

POPs POPs

2002 2003

POPs PCB HCB

DDT

DDT

 

2010 POPs PCB HCB DDT

5 POPs HCH

4 10

PFOS 6

PFOA 4

N,N'-

-p-  

2011 POPs PCB HCB

7 HCH

4 10

PFOS 2011 4 COP5 POPs

PFOA

1,2,5,6,9,10- 4

N,N-  

2012 POPs PCB HCB HCH

4 10 PFOS

1,2,5,6,9,10-

PFOA 3 2-(2H-1,2,3-

-2- )-4,6- -tert-  

2013 POPs PCB HCB HCH

DDT

PFOS PFOA

-1,3-  

2014 POPs PCB HCB HCH

4 10 PFOS

DDT

COP6 POPs 1,2,5,6,9,10-

PFOA
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2015 POPs PCB HCB HCH

4 10 PFOS

DDT

1,2,5,6,9,10-

COP7 POPs

-1,3-

POPs

PFOA  

2016 POPs PCB HCB HCH

4 10 PFOS

1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,3- COP8 POPs

POPs

PFOA  

2017 POPs PCB HCB HCH

4 10

PFOS 1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10-

-1,3- POPs

PFOA  

2018 POPs PCB HCB

4 10

DDT

PFOS PFOA

1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,3- POPs

PFHxS

 

2019 POPs PCB HCB HCH



 185  
 

4 10 PFOS

PFOA

1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10- -1,3-

POPRC15 POPs

PFHxS  

HCH 2003 2008 HCH

HCH

 

 

 

5-1 5-4  

 

2002 2003 38 2004 40 2005 47 2006 2008 48

2009 2011 49 2012 2016 48 2017 2018 47

 

2019 48  

 

2002 63 2003 62 2004 17 63 2006 2011 64

2012 2014 63 2015 2017 62 2018 61

 

2019 2018 61  

 

2002 23 1 2 2003

2 21 2004

22 2005

23 2 2 2006 2007 2005 23

2008 24 2 2 2009

25

2 2 2010

24 2

2 2011

22 1 2 2012
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24 2 2 2013

24

2 2 2014

22 2

2 2015

21 2 2

2016 22

2 2 2017 2016 22

2 2 2018 21

2 2  

2019

19 1 2  

 

2013 2017

2017 2 2018

2019 2017 2  

 

 

2002 34 2003
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37 2005

37 2006 37

2007

36 2008

37 2009

37 2010
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36 2013

36 2014
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36 2015

35 2016
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37 2017

37 2018
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2019

36  

 



 188  
 

 

6-1 6-4 7-1 7-4 2002

IDL 2003 2002

MDL  

6-1 6-4

GC/HRMS

 

2002

 

3  

/  

1/2  

 

 

 

 

PCB HCB 2002 2019

 

2012

2012

 

2013

 

PCB HCB 2007 2008

PCB HCH PCB HCH

3 1

 

2002 2019

 

 



 189  
 

4  

 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[1] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[2] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[3] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[4] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[5] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[6-1] 
[6-2] 
[6-3] 
[6-4] 
[6-5] 
[6-6] 

                   
                   
                   
                   
                   
                   

 
 

 
[1] PCB [2] HCB [3] [4] [5] [6-1] p,p'-DDT [6-2] p,p'-DDE [6-3] p,p'-DDD [6-4] o,p'-DDT
[6-5] o,p'-DDE [6-6] o,p'-DDD 
 



 190  
 

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[7-1] 
[7-2] 
[7-3] 
[7-4] 
[7-5] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[8-1] 

                   
                   
                   
                   
                   
                   

[8-2] 
[8-3] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[9-1] 
[9-2] 
[9-3] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[10] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[11-1] 
[11-2] 

                   
                   
                   
                   
                   
                   

[11-3] 
[11-4] 

                   
                   
                   
                   
                   
                   

HCH 2003 2008 HCH HCH

 
 
[7-1] cis- [7-2] trans- [7-3] [7-4] cis- [7-5] trans-

 [8-1] [8-2] cis- [8-3] trans-
[9-1] Parlar-26 [9-2] Parlar-50 [9-3] Parlar-62 [10] [11-1] -HCH [11-2] -HCH [11-3] -HCH

[11-4] -HCH 



 191  
 

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[12] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[13] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[14-1] 
[14-4] 

                   
                   
                   
                   
                   
                   

[14-2] 

                   
                   
                   
                   
                   
                   

[14-3] 

                   
                   
                   
                   
                   
                   

[14-5] 

                   
                   
                   
                   
                   
                   

[14-6] 

                   
                   
                   
                   
                   
                   

[14-7] 

                   
                   
                   
                   
                   
                   

 
 

 
[12] [13] [14-1] [14-2] 

[14-3] [14-4] [14-5] 
[14-6] [14-7]  



 192  
 

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[15] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[16] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[17] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[18-1] 
[18-2] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[19-1] 
[19-2] 
[19-3] 

                   
                   
                   
                   
                   
                   

[19-4] 
[19-5] 

                   
                   
                   
                   
                   
                   

2003 2004 1,2,5,6,9,10-  
 

[15] PFOS [16] PFOA [17] [18-1] -
[18-2] - [19-1] -1,2,5,6,9,10- [19-2] -1,2,5,6,9,10-

[19-3] -1,2,5,6,9,10- [19-4] -1,2,5,6,9,10- [19-5] 
-1,2,5,6,9,10-  

 



 193  
 

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[20] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[21] 

       
 

    
  

       

       
 

    
  

       

                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[22-1] 

                   
                   
                   
                   
                   
                   

[22-2] 

                   
                   
                   
                   
                   
                   

 
 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[23-1] 
[23-2] 
[23-3] 
[23-4] 

                   
                   
                   
                   
                   
                   

2005 [23-1] 5 [23-2] [23-3] 
[23-1] 6 [23-1] 4 6 [23-2] 

[23-3] [23-4] 5 7  
2016 5 9  

2016 [23-1] 4 6 [23-2] [23-3] 
[23-4] 4 7 2017 4 7

 
 

 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[24] 

                   
                   
                   
                   
                   
                   

 
[20] [21] -1,3- [22-1] [22-2] [23-1] 

[23-2] [23-3] [23-4] [24]  
 
 



 194  
 

 
 
 

 
 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

[25] 

                   
                   
                   
                   
                   
                   

 
[25] PFHxS  



 195  
 

5-1  
 

    
 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

                     
                    

                     
                     
                     
                     
                     
                     
                     

                    
                     
                     
                     
                     
                     

                    
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     

                     
                     
                     

                    
                     

                    
                    

                     
                     
                     

                     
                     
                     
                     
                     

                     
                    

                     
1  
2

 
3

2018 2018
2  

 



 196  
 

5-2  
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5-3  
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5-4  
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6-1  

 
 

pg/L  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  2.5 2.5 5.0 3.2 3 2.9 3.0 4 24 1.7 15 8 2.9 7.3 2.8 5.5 5 4.7 
[2] HCB 0.2 2 8 5 5 3 1 0.2 4 2 0.7 2 0.4 0.6 0.3 0.8 0.6 3 
[3]  0.2 0.2 0.4 0.3 0.6 0.3 0.6 0.3 --- --- --- --- --- --- --- --- --- --- 
[4]  0.6 0.3 0.5 0.34 1 0.7 0.6 0.2 --- 0.6 --- --- 0.2 --- --- --- --- --- 
[5]  2.0 0.3 0.5 0.4 0.4 0.6 1 0.3 --- 0.6 --- --- 0.2 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  0.2 0.9 2 1 0.6 0.6 0.5 0.06 0.8 --- --- --- 0.1 --- --- --- --- --- 
[6-2] p,p'-DDE  0.2 2 3 2 2 2 0.4 0.4 0.8 --- --- --- 0.2 --- --- --- --- --- 
[6-3] p,p'-DDD  0.08 0.5 0.8 0.64 0.5 0.6 0.2 0.2 0.08 --- --- --- 0.4 --- --- --- --- --- 
[6-4] o,p'-DDT  0.4 0.7 2 1 0.8 0.8 0.5 0.06 0.5 --- --- --- 0.2 --- --- --- --- --- 
[6-5] o,p'-DDE  0.3 0.3 0.5 0.4 0.9 0.8 0.3 0.09 0.09 --- --- --- 0.1 --- --- --- --- --- 
[6-6] o,p'-DDD  0.20 0.3 0.5 0.4 0.3 0.3 0.3 0.09 0.2 --- --- --- 0.08 --- --- --- --- --- 

[7] 

                   
[7-1] cis-  0.3 0.9 2 1 2 2 0.6 0.4 4 0.6 0.6 0.9 --- --- --- 1 --- --- 
[7-2] trans-

 0.5 2 2 1 2 0.8 1 0.3 4 0.4 0.8 1 --- --- --- 1 --- --- 

[7-3] 
 0.4 0.5 0.5 0.4 0.9 2 0.7 0.4 0.3 0.5 0.4 0.4 --- --- --- 2 --- --- 

[7-4] cis-  0.6 0.1 0.2 0.2 0.3 0.8 0.3 0.1 0.4 0.2 0.3 0.3 --- --- --- 0.6 --- --- 
[7-5] trans-

 0.4 0.5 2 0.84 1.0 2 0.6 0.4 3 0.5 0.6 0.6 --- --- --- 1 --- --- 

[8] 

                   
[8-1]  0.5 0.5 2 1 2 0.8 0.8 0.3 0.7 0.5 --- --- 0.2 --- --- 1 --- --- 
[8-2] cis-

 --- 0.2 0.4 0.2 0.7 0.4 0.2 0.2 0.2 0.3 --- --- 0.2 --- --- 0.6 --- --- 

[8-3] trans-
 --- 0.4 0.3 0.2 0.6 0.7 0.7 0.3 0.5 0.3 --- --- 0.3 --- --- 0.9 --- --- 

[9] 

                   
[9-1] Parlar-26  --- 20 3 4 5 5 3 2 --- --- --- --- --- --- --- --- 2 --- 
[9-2] Parlar-50  --- 30 7 5 5 3 3 3 --- --- --- --- --- --- --- --- 2 --- 
[9-3] Parlar-62  --- 90 30 30 20 30 20 20 --- --- --- --- --- --- --- --- 20 --- 

[10]  --- 0.09 0.2 0.1 0.5 0.4 0.2 0.2 --- 0..2 --- --- --- --- --- --- 0.3 --- 

[11] 

HCH                    
[11-1] -HCH 0.3 0.9 2 1 1 0.6 2 0.4 1 3 0.5 2 1.5 0.4 0.4 0.4 --- 2 
[11-2] -HCH 0.3 0.7 2 0.9 0.6 0.9 0.4 0.2 0.7 0.8 0.5 2 0.4 0.4 0.4 0.7 --- 1 
[11-3] -HCH  --- 2 7 5 6 0.7 1 0.2 2 1 0.4 0.8 0.4 0.3 0.3 0.5 --- 2 
[11-4] -HCH --- 0.5 0.7 0.5 0.8 0.4 0.9 0.4 0.3 0.2 0.4 0.4 0.2 0.1 0.3 0.4 --- 0.4 

[12]  --- --- --- --- --- --- 0.05 --- 0.04 0.05 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 2.2 1 0.9 --- --- --- --- --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 3 3 2 1 --- 3 1.2 2 3 5 4 

[14-2] 
 --- --- --- --- --- --- --- 4 1 1 1 --- 2 2.1 0.9 1 3 2 

[14-3] 
 --- --- --- --- --- --- --- 0.6 2 1 1 --- 1 0.6 0.8 3 1 1 

[14-4] 
 --- --- --- --- --- --- --- 2 1 2 1 --- 3 0.8 3 5 3 2 

[14-5] 
 --- --- --- --- --- --- --- 0.6 1 1 2 --- 0.6 0.6 0.3 1 1 1 

[14-6] 
 --- --- --- --- --- --- --- 30 7 4 13 --- 2 2 1 3 2 3 

[14-7] 
 --- --- --- --- --- --- --- 200 100 20 220 --- 9 7 6 8 4 6 

[15] PFOS  --- --- --- --- --- --- --- 14 20 20 12 --- 20 11 20 --- 30 30 

[16] PFOA  --- --- --- --- --- --- --- 23 20 20 55 --- 20 22 20 --- 30 40 

[17]  --- --- --- --- --- 1,300 --- --- 1 0.9 1 1 0.3 0.5 --- 0.6 0.5 2 
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pg/L  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[18] 

                   
[18-1] -

 --- --- --- --- --- --- --- --- --- 50 10 --- --- --- --- --- 40 --- 

[18-2] -
 --- --- --- --- --- --- --- --- --- 9 9 --- --- --- --- --- 10 --- 

[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 600 --- --- 600 --- --- --- --- --- 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 500 --- --- 200 --- --- --- --- --- 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 500 --- --- 300 --- --- --- --- --- 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 300 --- --- 200 --- --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 300 --- --- 200 --- --- --- --- --- 

[20]  --- --- --- --- --- --- 30 --- --- --- --- --- --- --- --- --- 12 7.5 

[21] -1,3-
 --- --- --- --- --- 340 --- --- --- --- --- 37 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- 85 --- 10 9 20 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 5 6 10 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,100 400 200 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 500 800 500 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,100 1,000 400 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,200 1,500 500 

[24]  --- --- --- --- --- --- 10 --- --- --- --- --- --- --- --- --- --- 8 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 50 30 

1 ---  
2  
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6-2  

 
 

pg/g-dry  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  3.5 3.2 2.6 2.1 1 1.5 1.2 2.1 220 4.5 18 13 21 22 18 5.0 55 3.3 
[2] HCB 0.3 2 3 1 1.0 2 0.8 0.7 1 3 1 1.8 2 1 1 1 0.5 0.4 
[3]  2 0.6 0.6 0.5 0.6 0.6 1 0.2 --- --- --- --- --- --- --- --- 0.6 --- 
[4]  1 2 0.9 1 1.0 0.9 0.5 0.3 --- 2 --- --- --- --- --- --- 0.6 --- 
[5]  2 2 0.9 0.9 1 2 0.7 0.6 --- 0.4 --- --- --- --- --- --- 0.9 --- 

[6] 

DDT                    
[6-1] p,p'-DDT  2 0.4 0.5 0.34 0.5 0.5 0.5 0.4 0.9 --- --- --- 0.2 --- --- --- --- --- 
[6-2] p,p'-DDE  0.9 0.3 0.8 0.94 0.3 0.4 0.7 0.3 2 --- --- --- 0.6 --- --- --- --- --- 
[6-3] p,p'-DDD  0.8 0.3 0.7 0.64 0.2 0.4 0.4 0.2 0.5 --- --- --- 1.4 --- --- --- --- --- 
[6-4] o,p'-DDT  2 0.3 0.6 0.3 0.4 0.6 0.6 0.5 0.4 --- --- --- 0.2 --- --- --- --- --- 
[6-5] o,p'-DDE  1 0.2 0.8 0.9 0.4 0.4 0.6 0.2 0.5 --- --- --- 0.3 --- --- --- --- --- 
[6-6] o,p'-DDD  2 0.5 0.5 0.3 0.2 0.4 0.1 0.2 0.4 --- --- --- 0.5 --- --- --- --- --- 

[7] 

                   
[7-1] cis-  0.3 2 2 0.64 0.8 2 0.9 0.3 2 0.4 1.0 0.8 --- --- --- 1.6 --- --- 
[7-2] trans-  0.6 2 0.9 0.8 0.4 0.8 0.8 0.7 4 0.5 1.3 0.7 --- --- --- 1 --- --- 
[7-3] 

 0.5 0.4 0.8 0.7 1.0 0.9 1 1 0.4 0.9 0.7 0.5 --- --- --- 1 --- --- 

[7-4] cis-  0.7 0.9 0.6 0.64 0.4 0.6 0.2 0.4 0.3 0.4 1 0.3 --- --- --- 0.7 --- --- 
[7-5] trans-  0.5 0.6 0.6 0.54 0.4 0.6 0.8 0.3 2 0.3 0.8 0.4 --- --- --- 2 --- --- 

[8] 

                   
[8-1]  0.6 1.0 0.9 0.8 0.6 0.7 1 0.4 0.4 0.7 --- --- 0.5 --- --- 0.3 --- --- 
[8-2] cis-

 --- 1 2 2 1.0 1 1 0.3 0.3 0.2 --- --- 0.2 --- --- 0.5 --- --- 

[8-3] trans-
 --- 3 2 2 2 4 0.7 0.6 1 0.9 --- --- 0.3 --- --- 0.8 --- --- 

[9] 

                   
[9-1] Parlar-26  --- 30 20 30 4 3 5 4 --- --- --- --- --- --- --- --- 3 --- 
[9-2] Parlar-50  --- 50 20 40 7 10 6 5 --- --- --- --- --- --- --- --- 3 --- 
[9-3] Parlar-62  --- 2,000 400 700 60 70 40 30 --- --- --- --- --- --- --- --- 20 --- 

[10]  --- 0.4 0.5 0.3 0.2 0.3 0.3 0.4 --- 0.4 --- --- --- --- --- --- 0.3 --- 

[11] 

HCH                    
[11-1] -HCH 0.4 0.5 0.6 0.6 2 0.6 0.6 0.4 0.8 0.6 0.5 0.5 0.8 0.3 0.3 0.2 --- 0.4 
[11-2] -HCH 0.3 0.7 0.8 0.9 0.4 0.3 0.3 0.5 0.8 1 0.6 0.1 0.3 0.3 0.3 0.6 --- 0.5 
[11-3] -HCH  --- 0.4 0.5 0.7 0.7 0.4 0.4 0.2 0.7 1 0.4 0.2 0.9 0.2 0.3 0.4 --- 0.4 
[11-4] -HCH --- 0.7 0.5 0.3 0.6 2 1 0.5 0.5 0.5 0.3 0.1 0.1 0.2 0.2 0.2 --- 0.2 

[12]  --- --- --- --- --- --- 0.16 --- 0.2 0.20 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 0.40 0.6 1.4 --- --- --- 0.3 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 23 2 10 1 --- 9 7 11 4 6 2 

[14-2] 
 --- --- --- --- --- --- --- 8 2 2 0.9 --- 2 6 4 4 2 1 

[14-3] 
 --- --- --- --- --- --- --- 2 2 3 1 --- 2 1 3 2 1 2 

[14-4] 
 --- --- --- --- --- --- --- 4 2 3 2 --- 6 1 2 6 5 3 

[14-5] 
 --- --- --- --- --- --- --- 0.5 4 4 6 --- 4 16 2 2 0.5 1 

[14-6] 
 --- --- --- --- --- --- --- 4 9 9 11 --- 20 8 9 5 2 2 

[14-7] 
 --- --- --- --- --- --- --- 20 80 20 89 --- 80 20 41 10 14 2 

[15] PFOS  --- --- --- --- --- --- --- 3.7 2 2 4 --- 2 1 2 --- 3 4 

[16] PFOA  --- --- --- --- --- --- --- 3.3 5 2 2 --- 5 1 4 --- 4 2 

[17]  --- --- --- --- --- 33 --- --- 0.3 2 0.8 0.7 0.8 0.5 0.6 0.5 0.3 0.4 
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pg/g-dry  
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[18] 

                   
[18-1] -

 --- --- --- --- --- --- --- --- --- 10 5 --- --- --- --- --- 2 --- 

[18-2] -
 --- --- --- --- --- --- --- --- --- 4 5 --- --- --- --- --- 2 --- 

[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 280 70 --- --- 60 60 --- --- --- 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 170 60 --- --- 60 50 --- --- --- 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 260 60 --- --- 42 60 --- --- --- 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 250 100 --- --- 70 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 210 60 --- --- 51 --- --- --- --- 

[20]  --- --- --- --- --- --- 30 --- --- --- --- --- --- --- 20 9.1 3.2 2.7 

[21] -1,3-
 --- --- --- --- --- 8.5 --- --- --- --- --- 3.8 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 2 6 2 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 2 9 0.8 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4,000 2,000 1,000 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4,000 5,000 1,000 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4,000 2,000 1,000 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 5,000 3,000 1,000 

[24]  --- --- --- --- --- --- 63 --- --- --- --- --- --- --- --- --- --- 2 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 5 5 

1 ---  
2  
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6-3  

 
 

pg/g-wet  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[1] PCB  8.4 17 29 23 14 18 17 11 20 74 11 14 31 17 20 23 21 11 
[2] HCB 0.06 7.5 4.6 3.8 1 3 3 2 2 1 2.8 10 3 6.5 2.7 1.3 1.1 1 
[3]  1.4 0.84 1.3 1.2 2 2 2 0.8 --- --- --- --- 0.7 --- --- --- --- --- 
[4]  4 1.6 10 3.4 3 3 3 2 --- 1 --- --- 1 --- --- --- --- --- 
[5]  6 1.6 4.2 5.5 4 3 3 3 --- 2 --- --- 1 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  1.4 3.5 1.1 1.7 2 2 2 1 1 --- --- 1.1 --- --- --- --- 1 --- 
[6-2] p,p'-DDE  0.8 1.9 2.7 2.8 0.7 1 1 1 1 --- --- 1.4 --- --- --- --- 1 --- 
[6-3] p,p'-DDD  1.8 3.3 0.70 0.97 0.9 1 1 0.9 0.5 --- --- 0.7 --- --- --- --- 0.6 --- 
[6-4] o,p'-DDT  4 0.97 0.61 0.86 1 1 1 0.8 1 --- --- 1 --- --- --- --- 0.9 --- 
[6-5] o,p'-DDE  1.2 1.2 0.69 1.1 1 0.9 1 1 0.6 --- --- 1 --- --- --- --- 1 --- 
[6-6] o,p'-DDD  4 2.0 1.9 1.1 1 1 2 1 0.2 --- --- 0.7 --- --- --- --- 0.9 --- 

[7] 

                   
[7-1] cis-  0.8 1.3 5.8 3.9 1 2 2 2 2 1 2 4 --- --- 1 --- --- --- 
[7-2] trans-

 0.8 2.4 16 3.5 2 2 3 1 1 1 2 5.2 
--- 

--- 2 
--- --- 

--- 

[7-3]
 1.2 2.8 3.1 3.1 3 2 2 1 3 1 1 1 

--- 
--- 1 

--- --- 
--- 

[7-4] cis-  0.4 1.6 1.1 1.5 1 1 1 1 1 0.7 1 0.7 --- --- 0.6 --- --- --- 
[7-5] trans-

 0.8 1.2 4.2 2.1 1 3 2 1 2 1 1 3.4 
--- 

--- 1 
--- --- 

--- 

[8] 

               
[8-1]  1.4 2.2 1.4 2.0 2 2 2 2 1 1 1 1 --- 1.0 0.9 --- --- --- 
[8-2] cis-

 --- 2.3 3.3 1.2 1 1 2 1 0.9 0.8 0.6 0.8 
--- 

0.8 0.7 
--- --- 

--- 

[8-3] trans-
 --- 4.4 4.0 7.5 5 5 4 3 1 3 3 3 --- 3 3 --- --- --- 

[9] 

               
[9-1] Parlar-26  --- 15 14 16 7 4 3 3 --- --- --- --- --- 9 --- --- 8 --- 
[9-2] Parlar-50  --- 11 15 18 5 3 4 3 --- --- --- --- --- 10 --- --- 6 --- 
[9-3] Parlar-62  --- 40 33 34 30 30 30 20 --- --- --- --- --- 60 --- --- 40 --- 

[10]  --- 0.81 0.82 0.99 1 1 1 0.8 --- 0.8 --- --- --- --- --- --- 0.5 --- 

[11] 

HCH                
[11-1] -HCH 1.4 0.61 4.3 3.6 1 2 2 2 1 1 1.2 1 1 1.0 1 1 --- 2 
[11-2] -HCH 4 3.3 2.0 0.75 1 3 2 2 1 1 0.8 0.8 0.9 1.0 1 1 --- 1 
[11-3] -HCH  --- 1.1 10 2.8 2 3 3 3 1 1 0.9 0.9 0.8 1.6 1 1 --- 1 
[11-4] -HCH --- 1.3 1.5 1.7 1 2 2 2 1 1 1 1 1 0.8 1 0.9 --- 2 

[12]  --- --- --- --- --- --- 2.2 --- 2.3 0.2 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 0.43 10 1 --- --- --- 5 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- 2.2 --- 16 6 7 --- 6 6 5 6 5 7 

[14-2] 
 --- --- --- --- --- --- 5.9 --- 6 6 6 --- 5 5 4 5 4 4 

[14-3] 
 --- --- --- --- --- --- 5.0 --- 3 4 4 --- 4 5 8 7 8 8 

[14-4] 
 --- --- --- --- --- --- 6.7 --- 10 4 5 --- 5 5 5 8 6 9 

[14-5] 
 --- --- --- --- --- --- 3.6 --- 4 3 3 --- 4 5 6 8 6 7 

[14-6] 
 --- --- --- --- --- --- 13 --- 10 9 9 --- 10 9 14 20 20 20 

[14-7] 
 --- --- --- --- --- --- 74 --- 97 80 50 --- 60 70 100 80 80 70 

[15] PFOS  --- --- --- --- --- --- --- 7.4 9.6 4 3 --- 2 2 3 4 --- 2 

[16] PFOA  --- --- --- --- --- --- --- 9.9 9.9 14 13 --- 3 3.4 2 4 --- 2 

[17]  --- --- --- --- --- 61 --- --- 0.7 1 2.7 26 3.1 4.0 5.1 1 5 1 
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pg/g-wet  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
                    

[18] [18-1] -
 --- --- --- --- --- --- --- --- --- 20 24 --- 20 38 --- --- --- --- 

 [18-2] -
 --- --- --- --- --- --- --- --- --- 4 5 --- 6 11 --- --- --- --- 

[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 70 20 --- 10 10 9 9 9 9 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 40 10 --- 10 10 8 9 8 9 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 80 10 --- 10 10 9 9 8 9 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 60 20 --- 10 10 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 60 20 --- 10 10 --- --- --- --- 

[20]  --- --- --- --- --- 11 10 --- --- --- --- --- --- 18 19 12 12 15 

[21] -1,3-
 --- --- --- --- --- 12 --- --- --- --- --- 3.7 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 21 12 10 4 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1 1 2 1 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 500 200 400 300 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,000 300 700 200 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 700 300 600 500 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 400 200 500 200 

[24]  --- --- --- --- 36 --- 48 --- --- --- --- --- --- --- --- --- 10 10 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1 ---  
2  
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6-4  

 
 

pg/m3  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  33 2.2 0.98 0.14 0.3 0.13 0.3 0.26 2.5 5.9 8.5 6.5 1.4 2.0 2.7 2.3 0.8 0.8 
[2] HCB 0.3 0.78 0.37 0.034 0.07 0.03 0.08 0.2 0.7 0.75 1.4 1.3 0.5 0.2 0.3 0.2 0.2 0.06 
[3]  0.020 0.0077 0.05 0.03 0.05 0.02 0.02 0.02 --- --- --- --- 4 --- --- --- --- --- 
[4]  0.20 0.70 0.11 0.24 0.1 0.07 0.09 0.02 --- 0.14 --- --- 0.11 --- --- --- --- --- 
[5]  0.030 0.014 0.048 0.2 0.10 0.04 0.04 0.04 --- 0.04 --- --- 0.07 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  0.08 0.046 0.074 0.054 0.06 0.03 0.03 0.03 0.03 --- --- 0.04 --- 0.05 --- --- 0.01 --- 
[6-2] p,p'-DDE  0.03 0.13 0.039 0.034 0.03 0.02 0.02 0.03 0.21 --- --- 0.03 --- 0.04 --- --- 0.01 --- 
[6-3] p,p'-DDD  0.006 0.018 0.018 0.05 0.04 0.004 0.009 0.01 0.01 --- --- 0.007 --- 0.11 --- --- 0.03 --- 
[6-4] o,p'-DDT  0.05 0.040 0.031 0.034 0.03 0.01 0.01 0.008 0.05 --- --- 0.018 --- 0.04 --- --- 0.01 --- 
[6-5] o,p'-DDE  0.01 0.00680.012 0.024 0.03 0.007 0.009 0.006 0.01 --- --- 0.009 --- 0.06 --- --- 0.02 --- 
[6-6] o,p'-DDD  0.007 0.014 0.048 0.03 0.03 0.02 0.01 0.01 0.01 --- --- 0.02 --- 0.07 --- --- 0.03 --- 

[7] 

                   
[7-1] cis-  0.20 0.17 0.19 0.054 0.04 0.04 0.05 0.06 0.3 0.42 0.51 0.2 --- --- 0.3 --- --- --- 
[7-2] trans-  0.20 0.29 0.23 0.14 0.06 0.05 0.06 0.05 0.4 0.53 0.7 0.3 --- --- 0.3 --- --- --- 
[7-3]

 0.008 0.015 0.042 0.054 0.08 0.02 0.01 0.02 0.01 0.03 0.03 0.01 --- --- 0.06 --- --- --- 

[7-4] cis-  0.010 0.00880.024 0.03 0.05 0.01 0.01 0.02 0.04 0.051 0.05 0.02 --- --- 0.05 --- --- --- 
[7-5] trans-  0.10 0.12 0.16 0.044 0.03 0.03 0.03 0.03 0.3 0.35 0.41 0.2 --- --- 0.2 --- --- --- 

[8] 

                   
[8-1]  0.04 0.085 0.078 0.054 0.04 0.03 0.02 0.01 0.04 0.099 0.14 0.05 --- 0.06 0.08 --- --- --- 
[8-2] cis-

 --- 0.00480.017 0.044 0.04 0.01 0.008 0.01 0.01 0.01 0.02 0.01 --- 0.2 0.05 --- --- --- 

[8-3] trans-
 --- 0.033 0.2 0.05 0.1 0.06 0.06 0.05 0.06 0.05 0.05 0.05 --- 0.01 0.1 --- --- --- 

[9] 

                   
[9-1] Parlar-26  --- 0.066 0.066 0.1 0.6 0.2 0.08 0.09 --- --- --- --- --- --- --- --- 0.2 --- 
[9-2] Parlar-50  --- 0.27 0.4 0.2 0.5 0.1 0.09 0.1 --- --- --- --- --- --- --- --- 0.2 --- 
[9-3] Parlar-62  --- 0.52 0.81 0.4 3 0.6 0.6 0.6 --- --- --- --- --- --- --- --- 0.2 --- 

[10]  --- 0.00280.017 0.03 0.04 0.01 0.01 0.006 --- 0.01 --- --- --- --- --- --- 0.01 --- 

[11] 

HCH                    
[11-1] -HCH --- --- --- --- --- --- --- 0.05 0.47 0.83 0.7 1.7 0.06 0.06 0.07 0.03 --- 0.05 
[11-2] -HCH --- --- --- --- --- --- --- 0.03 0.09 0.13 0.12 0.07 0.08 0.08 0.1 0.04 --- 0.02 
[11-3] -HCH  --- --- --- --- --- --- --- 0.02 0.12 0.52 0.32 0.7 0.06 0.06 0.07 0.04 --- 0.05 
[11-4] -HCH --- --- --- --- --- --- --- 0.02 0.02 0.021 0.03 0.03 0.06 0.05 0.08 0.03 --- 0.02 

[12]  --- --- --- --- --- --- --- --- 0.02 0.02 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- --- 0.1 0.1 --- --- --- 0.02 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 0.04 0.05 0.07 0.1 --- 0.09 0.1 0.2 0.05 0.02 0.01 

[14-2] 
 --- --- --- --- --- --- --- 0.06 0.05 0.06 0.06 --- 0.09 0.2 0.2 0.04 0.08 0.05 

[14-3] 
 --- --- --- --- --- --- --- 0.09 0.06 0.05 0.1 --- 0.1 0.4 0.2 0.1 0.06 0.05 

[14-4] 
 --- --- --- --- --- --- --- 0.1 0.1 0.1 0.2 --- 0.2 0.4 0.4 0.2 0.08 0.1 

[14-5] 
 --- --- --- --- --- --- --- 0.1 0.06 0.08 0.1 --- 0.1 0.4 0.2 0.07 0.04 0.1 

[14-6] 
 --- --- --- --- --- --- --- 0.6 1.2 0.4 0.4 --- 1 1.1 0.5 0.2 0.2 0.1 

[14-7] 
 --- --- --- --- --- --- --- 5 9.1 4.0 5 --- 3 0.7 1 0.8 0.8 0.1 

[15] PFOS  --- --- --- --- --- --- --- --- 0.1 0.2 0.2 0.1 0.06 0.06 0.2 0.1 --- 0.3 

[16] PFOA  --- --- --- --- --- --- --- --- 0.2 1.8 0.2 0.6 0.1 1.4 0.4 1.1 --- 0.3 

[17]  --- --- --- --- --- 4.8 --- 2.5 0.5 0.70 0.6 0.6 0.3 0.2 0.2 0.1 0.08 0.04 
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pg/m3  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
                    

[18] [18-1] -
 --- --- --- --- --- --- --- --- --- 4.0 5.3 --- 0.3 0.3 0.3 --- --- --- 

 [18-2] -
 --- --- --- --- --- --- --- --- --- 0.39 0.4 --- 0.4 0.2 0.3 --- --- --- 

[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.2 --- 0.4 0.3 0.1 0.1 --- 0.1 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.1 --- 0.3 0.3 0.1 0.1 --- 0.08 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.1 --- 0.4 0.3 0.1 0.1 --- 0.2 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.2 --- 0.6 0.6 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.2 --- 0.3 0.3 --- --- --- --- 

[20]  --- --- --- --- --- --- 1.3 --- --- --- --- --- 1.0 --- 0.28 0.24 0.2 0.2 

[21] -1,3-
 --- --- --- --- --- --- --- --- --- --- --- --- --- 11 20 20 10 20 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.2 0.2 0.2 0.2 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.4 0.5 0.4 0.1 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 110 50 60 100 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 240 60 40 100 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 170 30 40 90 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 120 40 70 80 

[24]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.2 --- --- 0.2 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1 ---  
2  
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7-1  

 
 

pg/L  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  7.4 9.4 14 10 9 7.6 7.8 10 73 4.5 44 25 8.2 21 8.4 16 14 12 
[2] HCB 0.6 5 30 15 16 8 3 0.5 13 5 2.2 7 0.9 1.8 0.9 2.1 1.5 8 
[3]  0.6 0.6 2 0.9 1.7 1.0 1.4 0.7 --- --- --- --- --- --- --- --- --- --- 
[4]  1.8 0.7 2 1.0 3 2.1 1.5 0.6 --- 1.6 --- --- 0.5 --- --- --- --- --- 
[5]  6.0 0.7 2 1.1 1.3 1.9 3 0.7 --- 1.6 --- --- 0.5 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  0.6 3 6 4 1.9 1.7 1.2 0.15 2.4 --- --- --- 0.4 --- --- --- --- --- 
[6-2] p,p'-DDE  0.6 4 8 6 7 4 1.1 1.1 2.3 --- --- --- 0.5 --- --- --- --- --- 
[6-3] p,p'-DDD  0.24 2 3 1.9 1.6 1.7 0.6 0.4 0.20 --- --- --- 1.0 --- --- --- --- --- 
[6-4] o,p'-DDT  1.2 3 5 3 2.3 2.5 1.4 0.16 1.5 --- --- --- 0.4 --- --- --- --- --- 
[6-5] o,p'-DDE  0.9 0.8 2 1.2 2.6 2.3 0.7 0.22 0.24 --- --- --- 0.3 --- --- --- --- --- 
[6-6] o,p'-DDD  0.60 0.8 2 1.2 0.8 0.8 0.8 0.22 0.6 --- --- --- 0.20 --- --- --- --- --- 

[7] 

                   
[7-1] cis-  0.9 3 6 4 5 4 1.6 1.1 11 1.4 1.6 2.7 --- --- --- 2 --- --- 
[7-2] trans-

 1.5 5 5 4 7 2.4 3 0.8 13 1.0 2.5 3 --- --- --- 3 
--- 

--- 

[7-3] 
 1.2 2 2 1.1 2.8 6 1.9 1.1 0.7 1.3 0.9 0.9 --- --- --- 4 

--- 
--- 

[7-4] cis-  1.8 0.3 0.6 0.5 0.8 2.4 0.9 0.3 1.3 0.6 0.8 0.8 --- --- --- 1.5 --- --- 
[7-5] trans-

 1.2 2 4 2.5 3.0 5 1.6 1.0 8 1.3 1.5 1.5 --- --- --- 3 
--- 

--- 

[8] 

                   
[8-1]  1.5 2 5 3 5 2.4 2.1 0.8 2.2 1.3 --- --- 0.5 --- --- 3 --- --- 
[8-2] cis-

 --- 0.7 2 0.7 2.0 1.3 0.6 0.5 0.4 0.7 --- --- 0.5 --- --- 1.6 
--- 

--- 

[8-3] trans-
 --- 2 0.9 0.7 1.8 2.0 1.9 0.7 1.3 0.8 --- --- 0.8 --- --- 2.3 

--- 
--- 

[9] 

                   
[9-1] Parlar-26  --- 40 9 10 16 20 8 5 --- --- --- --- --- --- --- --- 4 --- 
[9-2] Parlar-50  --- 70 20 20 16 9 7 7 --- --- --- --- --- --- --- --- 6 --- 
[9-3] Parlar-62  --- 300 90 70 60 70 40 40 --- --- --- --- --- --- --- --- 40 --- 

[10]  --- 0.3 0.4 0.4 1.6 1.1 0.6 0.4 --- 0.5 --- --- --- --- --- --- 0.7 --- 

[11] 

HCH                    
[11-1] -HCH 0.9 3 6 4 3 1.9 4 1.2 4 7 1.4 7 4.5 1.2 1.1 0.9 --- 4 
[11-2] -HCH 0.9 3 4 2.6 1.7 2.7 1.0 0.6 2.0 2.0 1.4 7 1.0 1.2 1.2 1.8 --- 3 
[11-3] -HCH  --- 7 20 14 18 2.1 3 0.6 6 3 1.3 2.7 1.2 0.9 0.8 1.4 --- 4 
[11-4] -HCH --- 2 2 1.5 2.0 1.2 2.3 0.9 0.8 0.4 1.1 1.1 0.4 0.3 0.8 1.0 --- 1.0 

[12]  --- --- --- --- --- --- 0.14 --- 0.09 0.20 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 5.7 3 2.2 --- --- --- --- --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 8 9 4 4 --- 8 3.6 5 9 13 11 

[14-2] 
 --- --- --- --- --- --- --- 11 3 3 2 --- 4 6.3 2.4 3 9 6 

[14-3] 
 --- --- --- --- --- --- --- 1.4 4 3 3 --- 4 1.5 2.1 7 3 2 

[14-4] 
 --- --- --- --- --- --- --- 4 3 6 4 --- 8 2.0 7 14 8 4 

[14-5] 
 --- --- --- --- --- --- --- 1.4 3 2 4 --- 1.6 1.5 0.8 2 3 3 

[14-6] 
 --- --- --- --- --- --- --- 91 21 10 40 --- 6 6 4 7 6 8 

[14-7] 
 --- --- --- --- --- --- --- 600 300 60 660 --- 22 18 14 24 11 14 

[15] PFOS  --- --- --- --- --- --- --- 37 50 50 31 --- 50 29 50 --- 70 80 

[16] PFOA  --- --- --- --- --- --- --- 59 60 50 170 --- 50 56 50 --- 70 90 

[17]  --- --- --- --- --- 3,300 --- --- 4 2.4 3 4 0.8 1.5 --- 1.4 1.3 6 
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pg/L  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
                    

[18] [18-1] -
 --- --- --- --- --- --- --- --- --- 120 27 --- --- --- --- --- 120 --- 

 [18-2] -
 --- --- --- --- --- --- --- --- --- 22 24 --- --- --- --- --- 30 --- 

 [19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 1,500 --- --- 1,500 --- --- --- --- --- 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 1,300 --- --- 500 --- --- --- --- --- 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 1,200 --- --- 700 --- --- --- --- --- 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 790 --- --- 600 --- --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 740 --- --- 400 --- --- --- --- --- 

[20]  --- --- --- --- --- --- 85 --- --- --- --- --- --- --- --- --- 35 24 

[21] -1,3-
 --- --- --- --- --- 870 --- --- --- --- --- 94 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- 260 --- 30 24 60 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 14 16 30 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3,300 1,000 600 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,500 2,000 1,400 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3,300 3,000 1,000 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3,600 4,500 1,300 

[24]  --- --- --- --- --- --- 25 --- --- --- --- --- --- --- --- --- --- 13 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 120 60 

1 2002 IDL 3 2003 2005 MDL 3 2006 MDL
10  

2 ---  
3  
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7-2  

 
 

pg/g-dry  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  10 10 7.9 6.3 4 4.7 3.3 5.1 660 12 51 44 61 62 53 14 170 8.5 
[2] HCB 0.9 4 7 3 2.9 5 2.0 1.8 3 7 3 5.3 6 3 3 3 1.3 0.9 
[3]  6 2 2 1.4 1.9 1.8 3 0.5 --- --- --- --- --- --- --- --- 1.6 --- 
[4]  3 4 3 3 2.9 2.7 1.2 0.8 --- 5 --- --- --- --- --- --- 1.6 --- 
[5]  6 5 3 2.6 4 5 1.9 1.6 --- 1.1 --- --- --- --- --- --- 2.4 --- 

[6] 

DDT                    
[6-1] p,p'-DDT  6 2 2 1.0 1.4 1.3 1.2 1.0 2.8 --- --- --- 0.4 --- --- --- --- --- 
[6-2] p,p'-DDE  2.7 0.9 3 2.7 1.0 1.1 1.7 0.8 5 --- --- --- 1.8 --- --- --- --- --- 
[6-3] p,p'-DDD  2.4 0.9 2 1.7 0.7 1.0 1.0 0.4 1.4 --- --- --- 4.2 --- --- --- --- --- 
[6-4] o,p'-DDT  6 0.8 2 0.8 1.2 1.8 1.5 1.2 1.1 --- --- --- 0.4 --- --- --- --- --- 
[6-5] o,p'-DDE  3 0.6 3 2.6 1.1 1.2 1.4 0.6 1.2 --- --- --- 0.8 --- --- --- --- --- 
[6-6] o,p'-DDD  6 2 2 1.0 0.5 1.0 0.3 0.5 0.9 --- --- --- 1.2 --- --- --- --- --- 

[7] 

                   
[7-1] cis-  0.9 4 4 1.9 2.4 5 2.4 0.7 6 1.1 2.9 2.0 --- --- --- 4.8 --- --- 
[7-2] trans-

 1.8 4 3 2.3 1.1 2.2 2.0 1.7 11 1.3 4.0 1.8 --- --- --- 4 --- --- 

[7-3] 
 1.5 1 3 2.0 2.9 2.5 3 2 1.0 2.2 1.7 1.3 --- --- --- 3 --- --- 

[7-4] cis-  2.1 3 2 1.9 1.2 1.6 0.6 1.0 0.9 1.1 3 0.7 --- --- --- 1.7 --- --- 
[7-5] trans-

 1.5 2 2 1.5 1.2 1.7 2.2 0.9 6 0.8 2.4 1.2 --- --- --- 6 --- --- 

[8] 

                   
[8-1]  1.8 3 3 2.5 1.9 3.0 4 1.1 1.1 1.8 --- --- 1.5 --- --- 0.9 --- --- 
[8-2] cis-

 --- 3 6 7 3.0 3 2 0.7 0.8 0.6 --- --- 0.5 --- --- 1.2 --- --- 

[8-3] trans-
 --- 9 4 5 7 10 1.7 1.4 3 2.3 --- --- 0.7 --- --- 2.0 --- --- 

[9] 

                   
[9-1] Parlar-26  --- 90 60 60 12 7 12 10 --- --- --- --- --- --- --- --- 8 --- 
[9-2] Parlar-50  --- 200 60 90 24 30 17 12 --- --- --- --- --- --- --- --- 8 --- 
[9-3] Parlar-62  --- 4,000 2,000 2,000 210 300 90 80 --- --- --- --- --- --- --- --- 50 --- 

[10]  --- 2 2 0.9 0.6 0.9 0.7 1.0 --- 0.9 --- --- --- --- --- --- 0.8 --- 

[11] 

HCH                    
[11-1] -HCH 1.2 2 2 1.7 5 1.8 1.6 1.1 2.0 1.5 1.6 1.5 2.4 0.7 0.9 0.5 --- 1.1 
[11-2] -HCH 0.9 2 3 2.6 1.3 0.9 0.8 1.3 2.4 3 1.5 0.4 0.9 0.8 0.9 1.5 --- 1.2 
[11-3] -HCH  --- 2 2 2.0 2.1 1.2 0.9 0.6 2.0 3 1.3 0.6 2.7 0.5 0.8 1.0 --- 1.0 
[11-4] -HCH --- 2 2 1.0 1.7 5 2 1.2 1.2 1.4 0.8 0.3 0.4 0.5 0.5 0.6 --- 0.5 

[12]  --- --- --- --- --- --- 0.42 --- 0.4 0.40 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 1.1 1.5 3.6 --- --- --- 0.8 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 69 6 30 2 --- 27 21 33 9 18 5 

[14-2] 
 --- --- --- --- --- --- --- 24 5 5 2.4 --- 6 18 12 9 4 3 

[14-3] 
 --- --- --- --- --- --- --- 5 4 9 3 --- 5 3 8 6 3 4 

[14-4] 
 --- --- --- --- --- --- --- 9 4 7 4 --- 16 3 6 15 14 6 

[14-5] 
 --- --- --- --- --- --- --- 1.2 10 10 19 --- 12 48 6 5 1.2 3 

[14-6] 
 --- --- --- --- --- --- --- 9 24 23 34 --- 60 24 27 15 5 5 

[14-7] 
 --- --- --- --- --- --- --- 60 220 40 270 --- 240 40 120 30 42 4 

[15] PFOS  --- --- --- --- --- --- --- 9.6 5 5 9 --- 5 3 5 --- 7 9 

[16] PFOA  --- --- --- --- --- --- --- 8.3 12 5 4 --- 11 3 9 --- 9 5 

[17]  --- --- --- --- --- 86 --- --- 0.9 5 2.5 2.1 2.4 1.5 1.8 1.5 0.9 0.9 
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pg/g-dry  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

                    

[18] [18-1] -
 --- --- --- --- --- --- --- --- --- 30 13 --- --- --- --- --- 5 --- 

 [18-2] -
 --- --- --- --- --- --- --- --- --- 9 13 --- --- --- --- --- 5 --- 

 [19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 420 180 --- --- 150 130 --- --- --- 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 150 150 --- --- 150 130 --- --- --- 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 400 160 --- --- 110 150 --- --- --- 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 350 300 --- --- 180 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 280 150 --- --- 130 --- --- --- --- 

[20]  --- --- --- --- --- --- 84 --- --- --- --- --- --- --- 59 27 8.5 7.3 

[21] -1,3-
 --- --- --- --- --- 22 --- --- --- --- --- 9.9 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 4 18 6 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 5 27 2.1 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 10,000 6,000 2,000 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 10,000 15,000 2,000 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 11,000 6,000 2,000 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 12,000 9,000 2,000 

[24]  --- --- --- --- --- --- 160 --- --- --- --- --- --- --- --- --- --- 4 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 11 13 

1 2002 IDL 3 2003 2005 MDL 3 2006 MDL
10  

2 ---  
3  
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7-3  

 
 

pg/g-wet  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  25 50 85 69 42 46 47 32 52 220 34 44 95 52 60 68 63 33 
[2] HCB 0.18 23 14 11 3 7 7 4 5 4 8.4 31 10 20 8.1 3.9 3.3 3 
[3]  4.2 2.5 4.0 3.5 4 5 5 2.1 --- --- --- --- 1.8 --- --- --- --- --- 
[4]  12 4.8 31 9.4 7 9 9 7 --- 3 --- --- 3 --- --- --- --- --- 
[5]  18 4.8 12 17 11 9 8 7 --- 4 --- --- 3 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  4.2 11 3.2 5.1 6 5 5 3 3 --- --- 3.3 --- --- --- --- 3 --- 
[6-2] p,p'-DDE  2.4 5.7 8.2 8.5 1.9 3 3 4 3 --- --- 4.3 --- --- --- --- 3 --- 
[6-3] p,p'-DDD  5.4 9.9 2.2 2.9 2.4 3 3 2.4 1.3 --- --- 1.9 --- --- --- --- 1.4 --- 
[6-4] o,p'-DDT  12 2.9 1.8 2.6 3 3 3 2.2 3 --- --- 3 --- --- --- --- 2.7 --- 
[6-5] o,p'-DDE  3.6 3.6 2.1 3.4 3 2.3 3 3 1.5 --- --- 4 --- --- --- --- 3 --- 
[6-6] o,p'-DDD  12 6.0 5.7 3.3 4 3 4 3 0.6 --- --- 1.8 --- --- --- --- 2.4 --- 

[7] 

                   
[7-1] cis-  2.4 3.9 18 12 4 5 5 4 4 3 5 13 --- --- 3 --- --- --- 
[7-2] trans-

 2.4 7.2 48 10 4 6 7 4 3 4 7 16 --- --- 6 --- --- --- 

[7-3]
 3.6 8.4 9.2 9.3 7 6 7 4 8 3 3 3 --- --- 3 --- --- --- 

[7-4] cis-  1.2 4.8 3.4 4.5 3 3 4 3 3 1.8 2 2.2 --- --- 1.4 --- --- --- 
[7-5] trans-

 2.4 3.6 13 6.2 3 7 6 3 4 3 4 10 --- --- 3 --- --- --- 

[8] 

                   
[8-1]  4.2 6.6 4.1 6.1 6 6 6 5 3 3 4 3 --- 3.0 2.4 --- --- --- 
[8-2] cis-

 --- 6.9 9.9 3.5 4 4 5 3 2.4 2.0 1.5 2.1 --- 2.1 1.9 --- --- --- 

[8-3] trans-
 --- 13 12 23 13 13 10 8 3 7 8 7 --- 7 9 --- --- --- 

[9] 

                   
[9-1] Parlar-26  --- 45 42 47 18 10 9 7 --- --- --- --- --- 23 --- --- 21 --- 
[9-2] Parlar-50  --- 33 46 54 14 9 10 8 --- --- --- --- --- 30 --- --- 16 --- 
[9-3] Parlar-62  --- 120 98 100 70 70 80 70 --- --- --- --- --- 150 --- --- 100 --- 

[10]  --- 2.4 2.5 3.0 3 3 4 2.1 --- 1.9 --- --- --- --- --- --- 1.4 --- 

[11] 

HCH                    
[11-1] -HCH 4.2 1.8 13 11 3 7 6 5 3 3 3.7 3 3 3.0 3 3 --- 4 
[11-2] -HCH 12 9.9 6.1 2.2 3 7 6 6 3 3 2.0 2.2 2.4 3.0 3 3 --- 3 
[11-3] -HCH  --- 3.3 31 8.4 4 9 9 7 3 3 2.3 2.4 2.2 4.8 3 3 --- 4 
[11-4] -HCH --- 3.9 4.6 5.1 3 4 6 5 3 3 3 3 3 2.1 3 2.3 --- 4 

[12]  --- --- --- --- --- --- 5.6 --- 5.9 0.5 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- 1.3 24 3 --- --- --- 14 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- 5.9 --- 43 16 19 --- 15 15 13 16 14 18 

[14-2] 
 --- --- --- --- --- --- 16 --- 14 15 18 --- 12 13 9 12 11 10 

[14-3] 
 --- --- --- --- --- --- 14 --- 8 10 10 --- 10 12 21 17 21 21 

[14-4] 
 --- --- --- --- --- --- 18 --- 30 11 12 --- 12 12 13 22 15 24 

[14-5] 
 --- --- --- --- --- --- 9.6 --- 11 7 8 --- 11 14 16 20 16 17 

[14-6] 
 --- --- --- --- --- --- 35 --- 30 22 24 --- 30 23 36 50 40 50 

[14-7] 
 --- --- --- --- --- --- 220 --- 270 230 120 --- 170 170 300 210 240 190 

[15] PFOS  --- --- --- --- --- --- --- 19 25 10 7 --- 5 4 9 12 --- 6 

[16] PFOA  --- --- --- --- --- --- --- 25 26 41 38 --- 10 10 4 12 --- 3 

[17]  --- --- --- --- --- 180 --- --- 1.9 4 8.1 78 9.3 12 15 4 15 3 
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pg/g-wet  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[18] 

                   
[18-1] -

 --- --- --- --- --- --- --- --- --- 50 71 --- 60 120 --- --- --- --- 

[18-2] -
 --- --- --- --- --- --- --- --- --- 11 14 --- 19 32 --- --- --- --- 

[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 170 50 --- 30 30 22 24 23 24 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 98 40 --- 30 30 21 23 22 24 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 210 30 --- 30 30 24 24 21 22 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 140 50 --- 30 30 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- 140 40 --- 30 30 --- --- --- --- 

[20]  --- --- --- --- --- 27 26 --- --- --- --- --- --- 54 57 33 36 40 

[21] -1,3-
 --- --- --- --- --- 36 --- --- --- --- --- 9.4 --- --- --- --- --- --- 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 63 36 30 10 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3 4 6 3 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,300 500 1,200 900 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 3,000 800 1,800 500 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 2,100 900 1,500 1,200 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1,100 500 1,400 400 

[24]  --- --- --- --- 92 --- 120 --- --- --- --- --- --- --- --- --- 30 30 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 

1 2002 IDL 3 2003 2005 MDL 3 2006 MDL
10  

2 ---  
3  
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7-4  

 
 

pg/m3  

‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 
[1] PCB  99 6.6 2.9 0.38 0.8 0.37 0.8 0.75 7.3 18 26 20 4.1 5.9 7.8 7.0 2.4 2.1 
[2] HCB 0.9 2.3 1.1 0.14 0.21 0.09 0.22 0.6 1.8 2.3 4.3 3.8 1.4 0.5 0.8 0.5 0.4 0.14 
[3]  0.060 0.023 0.15 0.08 0.14 0.05 0.04 0.04 --- --- --- --- 12 --- --- --- --- --- 
[4]  0.60 2.1 0.33 0.54 0.3 0.18 0.24 0.06 --- 0.42 --- --- 0.34 --- --- --- --- --- 
[5]  0.090 0.042 0.14 0.5 0.30 0.09 0.10 0.09 --- 0.09 --- --- 0.20 --- --- --- --- --- 

[6] 

DDT                    
[6-1] p,p'-DDT  0.24 0.14 0.22 0.16 0.17 0.03 0.07 0.07 0.10 --- --- 0.11 --- 0.15 --- --- 0.03 --- 
[6-2] p,p'-DDE  0.09 0.40 0.12 0.14 0.10 0.04 0.04 0.08 0.62 --- --- 0.10 --- 0.12 --- --- 0.03 --- 
[6-3] p,p'-DDD  0.018 0.054 0.053 0.16 0.13 0.011 0.025 0.03 0.02 --- --- 0.018 --- 0.33 --- --- 0.07 --- 
[6-4] o,p'-DDT  0.15 0.12 0.093 0.10 0.09 0.03 0.03 0.019 0.14 --- --- 0.054 --- 0.12 --- --- 0.03 --- 
[6-5] o,p'-DDE  0.03 0.020 0.037 0.074 0.09 0.017 0.025 0.016 0.04 --- --- 0.023 --- 0.18 --- --- 0.05 --- 
[6-6] o,p'-DDD  0.021 0.042 0.14 0.10 0.10 0.05 0.04 0.03 0.03 --- --- 0.05 --- 0.20 --- --- 0.07 --- 

[7] 

                   
[7-1] cis-  0.60 0.51 0.57 0.16 0.13 0.1 0.14 0.16 0.9 1.3 1.5 0.7 --- --- 0.9 --- --- --- 
[7-2] trans-

 0.60 0.86 0.69 0.3 0.17 0.12 0.17 0.12 1.2 1.6 2.1 0.8 --- --- 1.0 --- --- --- 

[7-3]
 0.024 0.045 0.13 0.16 0.23 0.05 0.04 0.04 0.03 0.07 0.08 0.03 --- --- 0.16 --- --- --- 

[7-4] cis-  0.030 0.026 0.072 0.08 0.15 0.03 0.03 0.04 0.11 0.15 0.12 0.07 --- --- 0.14 --- --- --- 
[7-5] trans-

 0.30 0.35 0.48 0.13 0.10 0.09 0.09 0.07 0.8 1.1 1.2 0.5 --- --- 0.7 --- --- --- 

[8] 

                   
[8-1]  0.12 0.25 0.23 0.16 0.11 0.07 0.06 0.04 0.11 0.30 0.41 0.16 --- 0.19 0.22 --- --- --- 
[8-2] cis-

 --- 0.015 0.052 0.12 0.11 0.03 0.022 0.03 0.02 0.04 0.05 0.03 --- 0.5 0.12 --- --- --- 

[8-3] trans-
 --- 0.099 0.6 0.16 0.3 0.14 0.16 0.14 0.16 0.13 0.12 0.12 --- 0.03 0.3 --- --- --- 

[9] 

                   
[9-1] Parlar-26  --- 0.20 0.20 0.3 1.8 0.6 0.22 0.23 --- --- --- --- --- --- --- --- 0.4 --- 
[9-2] Parlar-50  --- 0.81 1.2 0.6 1.6 0.3 0.25 0.3 --- --- --- --- --- --- --- --- 0.5 --- 
[9-3] Parlar-62  --- 1.6 2.4 1.2 8 1.5 1.6 1.6 --- --- --- --- --- --- --- --- 0.4 --- 

[10]  --- 0.0084 0.05 0.10 0.13 0.03 0.03 0.015 --- 0.04 --- --- --- --- --- --- 0.03 --- 

[11] 

HCH                    
[11-1] -HCH --- --- --- --- --- --- --- 0.12 1.4 2.5 2.1 5.2 0.19 0.17 0.17 0.08 --- 0.12 
[11-2] -HCH --- --- --- --- --- --- --- 0.09 0.27 0.39 0.36 0.21 0.24 0.25 0.3 0.11 --- 0.06 
[11-3] -HCH  --- --- --- --- --- --- --- 0.06 0.35 1.6 0.95 2.2 0.17 0.19 0.18 0.10 --- 0.12 
[11-4] -HCH --- --- --- --- --- --- --- 0.04 0.05 0.063 0.07 0.08 0.19 0.15 0.20 0.08 --- 0.04 

[12]  --- --- --- --- --- --- --- --- 0.04 0.04 --- --- --- --- --- --- --- --- 

[13]  --- --- --- --- --- --- --- --- 0.3 0.3 --- --- --- 0.06 --- --- --- --- 

[14] 

4 10
 

                  

[14-1] 
 --- --- --- --- --- --- --- 0.11 0.12 0.18 0.3 --- 0.28 0.4 0.4 0.15 0.05 0.04 

[14-2] 
 --- --- --- --- --- --- --- 0.16 0.12 0.16 0.14 --- 0.28 0.6 0.4 0.10 0.20 0.12 

[14-3] 
 --- --- --- --- --- --- --- 0.22 0.16 0.14 0.3 --- 0.4 1.1 0.6 0.3 0.17 0.13 

[14-4] 
 --- --- --- --- --- --- --- 0.3 0.3 0.3 0.5 --- 0.7 1.3 1.1 0.4 0.20 0.3 

[14-5] 
 --- --- --- --- --- --- --- 0.3 0.15 0.20 0.3 --- 0.4 1.1 0.6 0.21 0.11 0.3 

[14-6] 
 --- --- --- --- --- --- --- 1.8 3.7 0.9 1.2 --- 4 3.2 1.4 0.6 0.4 0.3 

[14-7] 
 --- --- --- --- --- --- --- 16 27 12 16 --- 9 2.2 3 2.4 2.0 0.3 

[15] PFOS  --- --- --- --- --- --- --- --- 0.4 0.5 0.5 0.3 0.17 0.19 0.6 0.3 --- 0.8 

[16] PFOA  --- --- --- --- --- --- --- --- 0.5 5.4 0.7 1.8 0.4 4.2 1.3 3.3 --- 0.8 

[17]  --- --- --- --- --- 12 --- 6.4 1.2 2.1 1.8 1.7 0.9 0.6 0.5 0.3 0.22 0.09 
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‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[18] 

                   
[18-1] -

 --- --- --- --- --- --- --- --- --- 12 16 --- 0.8 1.0 0.8 --- --- --- 

[18-2] -
 --- --- --- --- --- --- --- --- --- 1.2 1.2 --- 1.2 0.5 0.8 --- --- --- 

 
[19] 

1,2,5,6,9,10-
                   

[19-1] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.6 --- 1.2 0.9 0.3 0.3 --- 0.3 

[19-2] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.3 --- 1.0 0.8 0.3 0.3 --- 0.21 

[19-3] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.3 --- 1.3 0.8 0.3 0.3 --- 0.4 

[19-4] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.4 --- 1.8 1.9 --- --- --- --- 

[19-5] -1,2,5,6,9,10-
 --- --- --- --- --- --- --- --- --- --- 0.6 --- 0.9 0.9 --- --- --- --- 

[20]  --- --- --- --- --- --- 4.0 --- --- --- --- --- 2.8 --- 0.79 0.67 0.5 0.6 

[21] -1,3-
 --- --- --- --- --- --- --- --- --- --- --- --- --- 29 60 60 30 50 

[22] 

                   

[22-1] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.5 0.6 0.5 0.6 

[22-2] 
 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 1.0 1.2 1.1 0.3 

[23] 

                   
[23-1]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 290 140 150 400 
[23-2]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 610 190 110 300 
[23-3]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 430 100 110 260 
[23-4]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 320 120 180 250 

[24]  --- --- --- --- --- --- --- --- --- --- --- --- --- --- 0.5 --- --- 0.4 

[25] PFHxS  --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- 
 

1 2002 IDL 3 2003 2005 MDL 3 2006 MDL
10  

2 ---  
3  
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8-1 2019  

 
 

 
pg/L  pg/g-dry  

 
( )   

( )  

[1] PCB tr(6.6) 3,400 
(48/48) 120 37 640,000 

(61/61) 5,700 

[2] HCB nd 630 
(46/48) 10 4.5 10,000 

(61/61) 88 

[3]      

[4]      

[5]      

[6] 

DDT      

[6-1] p,p'-DDT     

[6-2] p,p'-DDE     

[6-3] p,p'-DDD     

[6-4] o,p'-DDT     

[6-5] o,p'-DDE     

[6-6] o,p'-DDD     

[7] 

     

[7-1] cis-      

[7-2] trans-      

[7-3]      

[7-4] cis-      

[7-5] trans-      

[8] 

     

[8-1]      

[8-2] cis-
 

    

[8-3] trans-
 

    

[9] 

     

[9-1] Parlar-26     

[9-2] Parlar-50     

[9-3] Parlar-62     

[10]      

[11] 

HCH      

[11-1] -HCH tr(2) 640 
(48/48) 35 1.3 2,600 

(61/61) 67 

[11-2] -HCH 17 570 
(48/48) 100 4.0 4,100 

(61/61) 130 

[11-3] -HCH
 

nd 480 
(47/48) 14 tr(0.6) 2,100 

(61/61) 23 

[11-4] -HCH nd 85 
(46/48) 5.1 tr(0.2) 2,500 

(61/61) 22 

[12]   
    

[13]   
    

 
1  nd 1/2  
2   
3  tr(X) X  
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pg/L  pg/g-dry  

 
( )   

( )  

[14] 

4 10
 

    
    

[14-1] 
 

nd 320 
(39/48) tr(6) nd 710 

(58/61) 15 

[14-2] 
 

nd 69 
(19/48) nd nd 740 

(52/61) 9 

[14-3] 
 

nd 8 
(5/48) nd nd 690 

(41/61) 14 

[14-4] 
 

nd 6 
(2/48) nd nd 1,400 

(39/61) 15 

[14-5] 
 

nd 14 
(12/48) nd nd 2,000 

(50/61) 33 

[14-6] 
 

nd 150 
(27/48) tr(7) nd 40,000 

(59/61) 310 

[14-7] 
 

tr(10) 2,200 
(48/48) 110 14 560,000 

(61/61) 4,400 

[15] PFOS  
nd 2,500 

(47/48) 290 nd 460 
(60/61) 44 

[16] PFOA  
160 11,000 

(48/48) 1,000 tr(3) 190 
(61/61) 21 

[17]  tr(2) 360 
(48/48) 9 1.2 3,300 

(61/61) 29 

[18] 

     

[18-1] -      

[18-2] -      

[19] 

1,2,5,6,9,10-
     

[19-1] -1,2,5,6,9,10-
     

[19-2] -1,2,5,6,9,10-
     

[19-3] -1,2,5,6,9,10-
     

[19-4] -1,2,5,6,9,10-
     

[19-5] -1,2,5,6,9,10-
     

[20]  nd 260 
(32/48) tr(14) 13 58,000 

(61/61) 600 

[21] -1,3-
 

 
    

[22] 

     

[22-1] 
 

nd 3,500 
(32/48) tr(60) 7 6,200 

(61/61) 260 

[22-2] 
 

nd 210 
(20/48) tr(10) nd 140 

(60/61) 14 

 
[23] 

     

[23-1]  nd 2,300 
(17/48) nd nd 2,600 

(8/61) nd 

[23-2]  nd 5,000 
(19/48) nd nd 5,900 

(22/61) nd 

[23-3]  nd 34,000 
(20/48) nd nd 83,000 

(27/61) tr(1,100) 

[23-4]  nd 38,000 
(17/48) nd nd 60,000 

(39/61) tr(1,700) 

[24]  nd 40 
(3/48) nd nd 84 

(40/61) 4 

[25] PFHxS  
nd 1,800 

(45/48) 150 nd 15 
(10/61) nd 

   
1  nd 1/2  
2   
3  tr(X) X  
4  5 9  

 



 222  
 

8-2 2019  

 
 
 

 

pg/g-wet  pg/m3  
    

 
( )   

( )   
( )   

( )  

[1] PCB 350 17,000 
(3/3) 2,200 1,000 160,000 

(16/16) 12,000 190,000 
(1/1) --- 27 340 

(36/36) 89 

[2] HCB 12 65 
(3/3) 23 12 1,100 

(16/16) 100 3,200 
(1/1) --- 67 130 

(36/36) 96 

[3]   
        

[4]   
        

[5]   
        

[6] 

DDT          

[6-1] p,p'-DDT         

[6-2] p,p'-DDE         

[6-3] p,p'-DDD         

[6-4] o,p'-DDT         

[6-5] o,p'-DDE         

[6-6] o,p'-DDD         

[7] 

         

[7-1] cis-          

[7-2] trans-          

[7-3]          

[7-4] cis-          

[7-5] trans-          

[8] 

         

[8-1]          
[8-2] cis-

         
[8-3] trans-

         

[9] 

         

[9-1] Parlar-26         

[9-2] Parlar-50         

[9-3] Parlar-62         

[10]          

[11] 

HCH          

[11-1] -HCH 4 14 
(3/3) 9 nd 130 

(12/16) 8 63 
(1/1) --- 6.3 230 

(36/36) 21 

[11-2] -HCH 11 33 
(3/3) 23 3 400 

(16/16) 27 950 
(1/1) --- 0.38 29 

(36/36) 2.3 

[11-3] -HCH
 

nd 7 
(2/3) tr(2) nd 34 

(13/16) tr(3) 7 
(1/1) --- 0.88 49 

(36/36) 6.4 

[11-4] -HCH nd 
(0/3) nd nd 5 

(6/16) nd 4 
(1/1) --- tr(0.02) 19 

(36/36) 0.46 

[12]   
        

[13]          
   

1  nd 1/2  
2   
3  tr(X) X  
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pg/g-wet  pg/m3  
    

 
( )   

( )   
( )   

( )  

 
[14] 

4 10
 

        
        

[14-1] 
 

tr(15) 68 
(3/3) 26 tr(10) 210 

(16/16) 57 210 
(1/1) --- tr(0.03) 5.5 

(36/36) 0.25 

[14-2] 
 

tr(5) 28 
(3/3) 12 tr(4) 58 

(16/16) 17 150 
(1/1) --- nd 6.1 

(27/36) tr(0.10) 

[14-3] 
 

nd 24 
(1/3) nd tr(12) 290 

(16/16) 42 480 
(1/1) --- nd 0.79 

(15/36) tr(0.05) 

[14-4] 
 

nd tr(18) 
(1/3) nd nd 82 

(9/16) tr(10) 260 
(1/1) --- nd 2.7 

(24/36) tr(0.1) 

[14-5] 
 

nd 39 
(1/3) tr(8) nd 120 

(8/16) tr(8) 330 
(1/1) --- nd 2.6 

(32/36) tr(0.2) 

[14-6] 
 

nd 81 
(1/3) tr(20) nd 

(0/16) nd nd 
(0/1) --- nd 3.1 

(34/36) 0.5 

[14-7] 
 

nd tr(180) 
(1/3) nd nd 

(0/16) nd nd 
(0/1) --- nd 14 

(32/36) 1.8 

[15] PFOS  
tr(2) 140 

(3/3) 10 tr(3) 3,600 
(16/16) 67 360 

(1/1) --- 1.3 7.8 
(36/36) 3.8 

[16] PFOA  
tr(2) tr(5) 

(3/3) tr(3) nd 18 
(12/16) tr(3) 27 

(1/1) --- 5.5 46 
(36/36) 14 

[17]  7 14 
(3/3) 10 3 280 

(16/16) 20 470 
(1/1) --- 36 110 

(36/36) 64 

[18] 

         

[18-1] -          

[18-2] -          

[19] 

1,2,5,6,9,10-
         

[19-1] -1,2,5,6,9,10-
 

68 260 
(3/3) 140 nd 980 

(15/16) 79 1,100 
(1/1) --- nd 4.1 

(35/36) 0.5 

[19-2] -1,2,5,6,9,10-
 

nd tr(22) 
(1/3) nd nd 

(0/16) nd nd 
(0/1) --- nd 1.2 

(26/36) tr(0.13) 

[19-3] -1,2,5,6,9,10-
 

tr(13) 140 
(3/3) 34 nd 62 

(9/16) tr(12) nd 
(0/1) --- nd 1.5 

(15/36) nd 

[19-4] -1,2,5,6,9,10-
         

[19-5] -1,2,5,6,9,10-
         

[20]  nd 820 
(2/3) 84 nd 270 

(12/16) 46 170 
(1/1) --- 6.5 1,100 

(36/36) 100 

[21] -1,3-
       nd 5,800 

(35/36) 1,500 

[22] 

         

[22-1] 
 

13 54 
(3/3) 26 nd 57 

(14/16) 17 430 
(1/1) --- 0.6 22 

(36/36) 4.1 

[22-2] 
 

tr(2) 15 
(3/3) 4 tr(1) 59 

(16/16) 5 91 
(1/1) --- 4.3 180 

(36/36) 30 

[23] 

         

[23-1]  nd 
(0/3) nd nd tr(700) 

(5/16) nd tr(600) 
(1/1) --- tr(100) 1,500 

(36/36) 400 

[23-2]  nd 600 
(1/3) nd nd 1,100 

(11/16) tr(300) 1,400 
(1/1) --- tr(100) 2,300 

(36/36) 400 

[23-3]  nd 
(0/3) nd nd tr(900) 

(2/16) nd tr(500) 
(1/1) --- nd 1,600 

(23/36) tr(140) 

[23-4]  tr(300) 1,100 
(3/3) 500 nd 1,300 

(11/16) tr(200) 1,300 
(1/1) --- nd 1,600 

(19/36) tr(90) 

[24]  nd tr(10) 
(1/3) nd nd 120 

(12/16) tr(10) nd 
(0/1) --- nd 0.4 

(5/36) nd 

[25] PFHxS          
 

1  nd 1/2  
2   
3  tr(X) X  
4  -1,3- 3 /

 
5  5 9 4 7
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9 2019  

 
 pg/L  pg/g-dry  pg/g-wet  pg/m3  

[1] PCB  12 
[4.7] 

8.5 
[3.3] 

33 
[11] 

2.1 
[0.8] 

[2] HCB 8 
[3] 

0.9 
[0.4] 

3 
[1] 

0.14 
[0.06] 

[3]      

[4]      

[5]      

[6] 

DDT      

[6-1] p,p'-DDT     

[6-2] p,p'-DDE     

[6-3] p,p'-DDD     

[6-4] o,p'-DDT     

[6-5] o,p'-DDE     

[6-6] o,p'-DDD     

[7] 

     

[7-1] cis-      

[7-2] trans-      

[7-3]      

[7-4] cis-      

[7-5] trans-      

[8] 

     

[8-1]      

[8-2] cis-
     

[8-3] trans-
     

[9] 

     

[9-1] Parlar-26     

[9-2] Parlar-50     

[9-3] Parlar-62     

[10]      

[11] 

HCH      

[11-1] -HCH 4 
[2] 

1.1 
[0.4] 

4 
[2] 

0.12 
[0.05] 

[11-2] -HCH 3 
[1] 

1.2 
[0.5] 

3 
[1] 

0.06 
[0.02] 

[11-3] -HCH
 

4 
[2] 

1.0 
[0.4] 

4 
[1] 

0.12 
[0.05] 

[11-4] -HCH 1.0 
[0.4] 

0.5 
[0.2] 

4 
[2] 

0.04 
[0.02] 

[12]      

[13]      

1  
2 [ ]  
3  
4  
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 pg/L  pg/g-dry  pg/g-wet  pg/m3  

[14] 

4 10
 

    

    

[14-1] 
 

11 
[4] 

5 
[2] 

18 
[7] 

0.04 
[0.01] 

[14-2] 
 

6 
[2] 

3 
[1] 

10 
[4] 

0.12 
[0.05] 

[14-3] 
 

2 
[1] 

4 
[2] 

21 
[8] 

0.13 
[0.05] 

[14-4] 
 

4 
[2] 

6 
[3] 

24 
[9] 

0.3 
[0.1] 

[14-5] 
 

3 
[1] 

3 
[1] 

17 
[7] 

0.3 
[0.1] 

[14-6] 
 

8 
[3] 

5 
[2] 

50 
[20] 

0.3 
[0.1] 

[14-7] 
 

14 
[6] 

4 
[2] 

190 
[70] 

0.3 
[0.1] 

[15] PFOS  
80 

[30] 
9 

[4] 
6 

[2] 
0.8 

[0.3] 

[16] PFOA  
90 

[40] 
5 

[2] 
6 

[2] 
0.8 

[0.3] 

[17]  6 
[2] 

0.9 
[0.4] 

3 
[1] 

0.09 
[0.04] 

[18] 

     

[18-1] -      

[18-2] -      

[19] 

1,2,5,6,9,10-
     

[19-1] -1,2,5,6,9,10-
   24 

[9] 
0.3 

[0.1] 
[19-2] -1,2,5,6,9,10-

   24 
[9] 

0.21 
[0.08] 

[19-3] -1,2,5,6,9,10-
   22 

[9] 
0.4 

[0.2] 
[19-4] -1,2,5,6,9,10-

     

[19-5] -1,2,5,6,9,10-
     

[20]  24 
[7.5] 

7.3 
[2.7] 

40 
[15] 

0.6 
[0.2] 

[21] -1,3-
    50 

[20] 

[22] 
 

    

[22-1] 
 

60 
[20] 

6 
[2] 

10 
[4] 

0.6 
[0.2] 

[22-2] 
 

30 
[10] 

2.1 
[0.8] 

3 
[1] 

0.3 
[0.1] 

[23] 

     

[23-1]  600 
[200] 

2,000 
[1,000] 

900 
[300] 

400 
[100] 

[23-2]  1,400 
[500] 

2,000 
[1,000] 

500 
[200] 

300 
[100] 

[23-3]  1,000 
[400] 

2,000 
[1,000] 

1,200 
[500] 

260 
[90] 

[23-4]  1,300 
[500] 

2,000 
[1,000] 

400 
[200] 

250 
[80] 

[24]  13 
[8] 

4 
[2] 

30 
[10] 

0.4 
[0.2] 

[25] PFHxS  
60 

[30] 
13 
[5]   

1  
2 [ ]  
3  
4  
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10-1 2002 2019  

 
 

 

     

[1] PCB 
 
7  

6 10  
  
8  

7 10  
  
7  

5 11  
  
10  

7 18  
 

[2] HCB 
  
13  

10 18  
  

  
9  

7 11  
 

[3]       
[4]       
[5]       

[6] 

DDT  
[6-1] p,p'-DDT      
[6-2] p,p'-DDE      
[6-3] p,p'-DDD      
[6-4] o,p'-DDT      
[6-5] o,p'-DDE      
[6-6] o,p'-DDD      

[7] 

 
[7-1] cis-       
[7-2] trans-       
[7-3]       
[7-4] cis-       
[7-5] trans-       

[8] 

 
[8-1]       
[8-2] cis-       
[8-3] trans-       

[9] 

 
[9-1] Parlar-26      

[9-2] Parlar-50      

[9-3] Parlar-62      
[10]       

[11] 

HCH  

[11-1] -HCH 
 
9  

7 13  
    

[11-2] -HCH 
 
13  

10 18  
 

 
8  

6 10  
 

 
24  

18 38  

[11-3] -HCH  
 
6  

5 8  
 
5  

4 8  
 
7  

5 11  
 
11  

9 14  
 
6  

5 6  
[11-4] -HCH    * ** 
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[14] 

      
[14-1]

 
  ** *  

[14-2]
   **   

[14-3]
 **  **   

[14-4]
 **  **   

[14-5]
 

 ** ** ** ** 
[14-6]

 * * **  ** 
[14-7]

 * * **  ** 

[15] 
PFOS  

  
  
10  

6 22  
  

[16] PFOA     
  
9  

7 14  
 

[17]       
1  AIC 95  
2   

 

3

 
4  2019  
5  3

95  
6  11  
7  PFOS PFOA 2009

2010
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10-2 2002 2019  

 
 

 

     

[1] PCB 
 
19  

14 33  
 
14  

10 25  
  

 
22  

16 38  
[2] HCB 

 
17  

12 33  
 
12  

8 23  
   

[3]       
[4]       
[5]       

[6] 

DDT  
[6-1] p,p'-DDT      
[6-2] p,p'-DDE      
[6-3] p,p'-DDD      
[6-4] o,p'-DDT      
[6-5] o,p'-DDE      
[6-6] o,p'-DDD      

[7] 

 
[7-1] cis-       
[7-2] trans-       
[7-3]       
[7-4] cis-       
[7-5] trans-       

[8] 

 
[8-1]       
[8-2] cis-       
[8-3] trans-       

[9] 

 
[9-1] Parlar-26      

[9-2] Parlar-50      
[9-3] Parlar-62      

[10]       

[11] 

HCH  

[11-1] -HCH      

[11-2] -HCH    
 
13  

9 22  
 

[11-3] -HCH       

[11-4] -HCH    
 
18  

12 38  
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[14] 

      
[14-1] 

 
* 

  *  
[14-2] 

 
* 

    
[14-3] 

 
* 

    
[14-4] 

 
* 

 *  * 
[14-5] 

 
* 

    
[14-6] 

 
 *    

[14-7] 
 

     

[15] 
PFOS  

     
[16] PFOA       
[17]       

1  AIC 95  
2   

 

3

 
4  2019  
5  3

95  
6  11  
7  PFOS PFOA 2009

2010
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10-3 2002 2019  

 
   

[1] PCB 
  
15  

9 43  
 

[2] HCB   
[3]    
[4]    
[5]    

[6] 

DDT  
[6-1] p,p'-DDT   
[6-2] p,p'-DDE   
[6-3] p,p'-DDD   
[6-4] o,p'-DDT   
[6-5] o,p'-DDE   
[6-6] o,p'-DDD   

[7] 

 
[7-1] cis-    
[7-2] trans-    
[7-3]    
[7-4] cis-    
[7-5] trans-    

[8] 

 
[8-1]    
[8-2] cis-    
[8-3] trans-    

[9] 

 

[9-1] Parlar-26   

[9-2] Parlar-50   

[9-3] Parlar-62   
[10]    

[11] 

HCH  

[11-1] -HCH 
 
10  

7 18  
 

[11-2] -HCH   
[11-3] -HCH    
[11-4] -HCH ** ** 
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[14] 

   

[14-1] 
 

 
6  

5 7  
 

[14-2] 
   

[14-3] 
 

**  

[14-4] 
 

** ** 

[14-5] 
 

** ** 

[14-6] 
 

** 
 

[14-7] 
 

**  

[15] 
PFOS  **   

[16] PFOA  **  

[17]  **  * 

[19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 
  

[19-2] -1,2,5,6,9,10-
 

  

[19-3] -1,2,5,6,9,10-
 

 * 

1  AIC 95  
2   

 

3

 
4  2019  
5  3

95  
6  2008

PFOS PFOA 2009
2010 1,2,5,6,9,10- 2011
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10-4 2002 2019  

 
 

 

 

[1] PCB 
  
15  

10 27  
[2] HCB  
[3]   
[4]   
[5]   

[6] 

DDT  
[6-1] p,p'-DDT  
[6-2] p,p'-DDE  
[6-3] p,p'-DDD  
[6-4] o,p'-DDT  
[6-5] o,p'-DDE  
[6-6] o,p'-DDD  

[7] 

 
[7-1] cis-   
[7-2] trans-   
[7-3]   
[7-4] cis-   
[7-5] trans-   

[8] 

 
[8-1]   
[8-2] cis-   
[8-3] trans-   

[9] 

 
[9-1] Parlar-26  

[9-2] Parlar-50  

[9-3] Parlar-62  
[10]   

[11] 

HCH  
[11-1] -HCH  

[11-2] -HCH 
 
10  

7 15  
[11-3] -HCH  

 
9  

7 15  
[11-4] -HCH  
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[14] 

 

[14-1]  
 
6  

5 8  
[14-2]   

[14-3]   

[14-4]   

[14-5]   

[14-6]   

[14-7]   

[15] PFOS   
[16] PFOA   

[17]   
1  AIC 95  
2   

 

3

 
4  2019  
5  3

95  
6  HCH 2009  
7  2009

PFOS PFOA 2010
2007  

8  
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11 2002 2019  
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2019 2002 2003 PCB HCB

 

HCH 4 10

PFOS PFOA 1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10-

-1,3-

PFHxS  

HCH -HCH 4 10

1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10-
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[1] PCB 

 

PCB

1974 6 POPs

2004  

2001 1978 2001

1996 1997 2000 2001

 

2002

 

 

 

 

48 4.7pg/L 48

tr(6.6) 3,400pg/L  

2002 2019

 

2002 2019 PCB  
PCB   

    [ ] 
   

  

 
(pg/L) 

2002 470 330 11,000 60 7.4 [2.5]  114/114 38/38 
2003 530 450 3,100 230 9.4 [2.5]  36/36 36/36 
2004 630 540 4,400 140 14 [5.0]  38/38 38/38 
2005 520 370 7,800 140 10 [3.2]  47/47 47/47 
2006 240 200 4,300 15 9 [3]  48/48 48/48 
2007 180 140 2,700 12 7.6 [2.9]  48/48 48/48 
2008 260 250 4,300 27 7.8 [3.0]  48/48 48/48 
2009 210 170 3,900 14 10 [4]  48/48 48/48 
2010 120 99 2,200 nd 73 [24]  41/49 41/49 
2011 150 130 2,100 16 4.5 [1.7]  49/49 49/49 
2012 400 280 6,500 72 44 [15]  48/48 48/48 
2013 140 110 2,600 tr(13) 25 [8]  48/48 48/48 
2014 150 120 4,800 16 8.2 [2.9]  48/48 48/48 
2015 200 160 4,200 34 21 [7.3]  48/48 48/48 
2016 140 120 3,100 tr(7.2) 8.4 [2.8]  48/48 48/48 
2017 84 79 2,400 nd 16 [5.5]  46/47 46/47 
2018 150 140 2,600 tr(11) 14 [5]  47/47 47/47 
2019 120 90 3,400 tr(6.6) 12 [4.7]  48/48 48/48 

1 2002  
2 [ ] [ ]  

 

 

61 3.3pg/g-dry 61

37 640,000pg/g-dry  

2002 2019
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2002 2019 PCB  
PCB    

    [ ] 
   

  

 
(pg/g-dry) 

2002 11,000 11,000 630,000 39 10 [3.5]  189/189 63/63 
2003 9,400 9,500 5,600,000 39 10 [3.2]  186/186 62/62 
2004 8,400 7,600 1,300,000 38 7.9 [2.6]  189/189 63/63 
2005 8,600 7,100 690,000 42 6.3 [2.1]  189/189 63/63 
2006 8,800 6,600 690,000 36 4 [1]  192/192 64/64 
2007 7,400 6,800 820,000 19 4.7 [1.5]  192/192 64/64 
2008 8,700 8,900 630,000 22 3.3 [1.2]  192/192 64/64 
2009 7,600 7,100 1,700,000 17 5.1 [2.1]  192/192 64/64 
2010 6,500 7,800 710,000 nd 660 [220]  56/64 56/64 
2011 6,300 7,400 950,000 24 12 [4.5]  64/64 64/64 
2012 5,700 6,700 640,000 tr(32) 51 [18]  63/63 63/63 
2013 6,200 8,000 650,000 tr(43) 44 [13]  62/62 62/62 
2014 4,900 5,500 440,000 tr(35) 61 [21]  63/63 63/63 
2015 6,400 7,500 1,100,000 nd 62 [22]  61/62 61/62 
2016 5,300 5,300 770,000 tr(21) 53 [18]  62/62 62/62 
2017 4,600 6,200 610,000 nd 14 [5.0] 61/62 61/62 
2018 5,900 6,500 720,000 nd 170 [55] 58/61 58/61 
2019 5,700 7,900 640,000 37 8.5 [3.3]  61/61 61/61 

1 2002 2009
 

2 [ ] [ ]  

 

 

3 11pg/g-wet 3

350 17,000pg/g-wet 16

11pg/g-wet 16 1,000 160,000pg/g-wet

1 11pg/g-wet 190,000pg/g-wet

 

2002 2019  

2002 2019 PCB  
PCB   

    [ ] 
   

  

 
(pg/g-wet) 

2002 8,800 28,000 160,000 200 25 [8.4]  38/38 8/8 
2003 11,000 9,600 130,000 1,000 50 [17]  30/30 6/6 
2004 11,000 11,000 150,000 1,500 85 [29]  31/31 7/7 
2005 11,000 13,000 85,000 920 69 [23]  31/31 7/7 
2006 8,500 8,600 77,000 690 42 [14]  31/31 7/7 
2007 9,000 11,000 66,000 980 46 [18]  31/31 7/7 
2008 8,600 8,600 69,000 870 47 [17]  31/31 7/7 
2009 8,700 11,000 62,000 780 32 [11]  31/31 7/7 
2010 9,200 11,000 46,000 1,500 52 [20]  6/6 6/6 
2011 8,900 17,000 65,000 820 220 [74]  4/4 4/4 
2012 6,600 12,000 34,000 680 34 [11]  5/5 5/5 
2013 5,200 7,800 44,000 730 44 [14]  5/5 5/5 
2014  2,900 2,600 15,000 600 95 [31]  3/3 3/3 
2015 2,400 2,500 9,600 580 52 [17]  3/3 3/3 
2016 2,300 2,300 12,000 420 60 [20]  3/3 3/3 
2017 2,500 1,600 19,000 500 68 [23]  3/3 3/3 
2018 2,000 900 12,000 740 63 [21]  3/3 3/3 
2019 2,200 1,900 17,000 350 33 [11]  3/3 3/3 
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PCB   
    [ ] 

   

 
(pg/g-wet) 

2002 17,000 8,100 550,000 1,500 25 [8.4]  70/70 14/14 
2003 11,000 9,600 150,000 870 50 [17]  70/70 14/14 
2004 15,000 10,000 540,000 990 85 [29]  70/70 14/14 
2005 14,000 8,600 540,000 800 69 [23]  80/80 16/16 
2006 13,000 9,000 310,000 990 42 [14]  80/80 16/16 
2007 11,000 6,200 530,000 790 46 [18]  80/80 16/16 
2008 12,000 9,100 330,000 1,200 47 [17]  85/85 17/17 
2009 12,000 12,000 290,000 840 32 [11]  90/90 18/18 
2010 13,000 10,000 260,000 880 52 [20]  18/18 18/18 
2011 14,000 12,000 250,000 900 220 [74]  18/18 18/18 
2012 13,000 14,000 130,000 920 34 [11]  19/19 19/19 
2013 14,000 13,000 270,000 1,000 44 [14]  19/19 19/19 
2014 13,000 10,000 230,000 940 95 [31]  19/19 19/19 
2015 11,000 7,700 180,000 1,300 52 [17]  19/19 19/19 
2016 11,000 8,400 150,000 1,200 60 [20]  19/19 19/19 
2017 10,000 8,300 160,000 860 68 [23]  19/19 19/19 
2018 12,000 12,000 280,000 1,200 63 [21]  18/18 18/18 
2019 12,000 12,000 160,000 1,000 33 [11]  16/16 16/16 

 
(pg/g-wet) 

2002 12,000 14,000 22,000 4,800 25 [8.4]  10/10 2/2 
2003 19,000 22,000 42,000 6,800 50 [17]  10/10 2/2 
2004 9,000 9,400 13,000 5,900 85 [29]  10/10 2/2 
2005 10,000 9,700 19,000 5,600 69 [23]  10/10 2/2 
2006 12,000 9,800 48,000 5,600 42 [14]  10/10 2/2 
2007 7,600 7,800 15,000 3,900 46 [18]  10/10 2/2 
2008 9,700 7,400 56,000 3,000 47 [17]  10/10 2/2 
2009 5,900 5,700 9,500 3,900 32 [11]  10/10 2/2 
2010 7,700 --- 9,100 6,600 52 [20]  2/2 2/2 
2011 --- --- 5,400 5,400 220 [74]  1/1 1/1 
2012 5,900 --- 6,200 5,600 34 [11]  2/2 2/2 

2013  360,000 --- 510,000 250,000 44 [14]  2/2 2/2 
2014  46,000 --- 140,000 15,000 95 [31]  2/2 2/2 
2015  --- --- 5,000 5,000 52 [17]  1/1 1/1 
2016  31,000 --- 100,000 9,800 60 [20]  2/2 2/2 
2017  39,000 --- 380,000 4,000 68 [23]  2/2 2/2 
2018  110,000 --- 130,000 85,000 63 [21]  2/2 2/2 
2019  --- --- 190,000 190,000 33 [11]  1/1 1/1 

1 2002 2009
 

2 [ ] [ ]  
3 2013 2012

 

 

 

36 0.8pg/m3 36

27 340pg/m3  

2003 2019  
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2002 2019 PCB  

PCB   
    [ ] 

   
  

 
pg/m3  

2002  100 100 880 16 99 [33]  102/102 34/34 
2003  260 340 2,600 36 6.6 [2.2]  35/35 35/35 
2003  110 120 630 17  34/34 34/34 
2004  240 250 3,300 25 2.9 [0.98]  37/37 37/37 
2004  130 130 1,500 20  37/37 37/37 
2005  190 210 1,500 23 0.38 [0.14]  37/37 37/37 
2005  66 64 380 20  37/37 37/37 
2006  170 180 1,500 21 0.8 [0.3]  37/37 37/37 
2006  82 90 450 19  37/37 37/37 
2007  250 290 980 37 0.37 [0.13]  24/24 24/24 
2007  72 76 230 25  22/22 22/22 
2008  200 170 960 52 0.8 [0.3]  22/22 22/22 
2008  93 86 1,500 21  36/36 36/36 
2009  200 190 1,400 43 0.75 [0.26]  34/34 34/34 
2009  85 78 380 20  34/34 34/34 
2010  160 150 970 36 7.3 [2.5]  35/35 35/35 
2010  84 86 630 19  35/35 35/35 
2011  150 160 660 32 18 [5.9]  35/35 35/35 
2011  76 66 320 tr(17)  37/37 37/37 
2012  130 130 840 27 26 [8.5]  35/35 35/35 
2012  54 62 280 tr(16)  35/35 35/35 
2013  140 130 1,100 24 20 [6.5]  35/35 35/35 
2013  57 55 300 tr(19)  35/35 35/35 
2014  140 150 1,300 28 4.1 [1.4]  36/36 36/36 
2015  98 110 950 17 5.9 [2.0]  35/35 35/35 
2016  130 140 1,300 16 7.8 [2.7]  37/37 37/37 
2017  120 110 3,300 26 7.0 [2.3]  37/37 37/37 
2018  110 100 750 20 2.4 [0.8]  37/37 37/37 
2019  89 90 340 27 2.1 [0.8] 36/36 36/36 

1 [ ] [ ]  
2 2002
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2002  

3-1-1 PCB  

 

 

 
 2002 2009

 

3-1-2 PCB  

  

0

100

200

300

400

500

600

700

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[1] PCB

[ ] (pg/L)
2002 7.4 [2.5]
2003 9.4 [2.5]
2004 14 [5.0]
2005 10 [3.2]
2006 9 [3]
2007 7.6 [2.9]
2008 7.8 [3.0]
2009 10 [4]
2010 73 [24]
2011 4.5 [1.7]
2012 44 [15]
2013 25 [8]
2014 8.2 [2.9]
2015 21 [7.3]
2016 8.4 [2.8]
2017 16 [5.5]
2018 14 [5]
2019 12 [4.7]

0

2,000

4,000

6,000

8,000

10,000

12,000

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[1] PCB

[ ] (pg/g-dry)
2002 10 [3.5]
2003 10 [3.2]
2004 7.9 [2.6]
2005 6.3 [2.1]
2006 4 [1]
2007 4.7 [1.5]
2008 3.3 [1.2]
2009 5.1 [2.1]
2010 660 [220]
2011 12 [4.5]
2012 51 [18]
2013 44 [13]
2014 61 [21]
2015 62 [22]
2016 53 [18]
2017 14 [5.0]
2018 170 [55]
2019 8.5 [3.3]
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1 2002 2009

 
2 2013 2012

 

3-1-3 PCB  

 

 

 
3-1-4 PCB  

0

5,000

10,000

15,000

20,000

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[1] PCB

[ ] (pg/g-wet)
2002 25 [8.4]
2003 50 [17]
2004 85 [29]
2005 69 [23]
2006 42 [14]
2007 46 [18]
2008 47 [17]
2009 32 [11]
2010 52 [20]
2011 220 [74]
2012 34 [11]
2013 44 [14]
2014 95 [31]
2015 52 [17]
2016 60 [20]
2017 68 [23]
2018 63 [21]
2019 33 [11]

0

50

100

150

200

250

300

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[1] PCB

[ ] (pg/m3)
2002 99 [33]
2003 6.6 [2.2]
2004 2.9 [0.98]
2005 0.38 [0.14]
2006 0.8 [0.3]
2007 0.37 [0.13]
2008 0.8 [0.3]
2009 0.75 [0.26]
2010 7.3 [2.5]
2011 18 [5.9]
2012 26 [8.5]
2013 20 [6.5]
2014 4.1 [1.4]
2015 5.9 [2.0]
2016 7.8 [2.7]
2017 7.0 [2.3]
2018 2.4 [0.8]
2019 2.1 [0.8]
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[2] HCB 
 

HCB 1979 8

POPs 2004

 

2001 1978 1996

1998 2000 2001

1986 1998 1986 2001

 

2002

 

 

 

 

48 3pg/L 48 46

630pg/L  

2002 2019

6 6

 

2002 2019 HCB  
HCB   

    [ ] 
   

  

 
(pg/L) 

2002 37 28 1,400 9.8 0.6 [0.2]  114/114 38/38 
2003 29 24 340 11 5 [2]  36/36 36/36 
2004 30 tr(29) 180 tr(11) 30 [8]  38/38 38/38 
2005 21 17 210 tr(6) 15 [5]  47/47 47/47 
2006 16 tr(12) 190 nd 16 [5]  46/48 46/48 
2007 17 14 190 tr(4) 8 [3]  48/48 48/48
2008 16 13 480 4 3 [1]  48/48 48/48 
2009 15 17 180 2.4 0.5 [0.2]  49/49 49/49 
2010 tr(10) tr(8) 120 nd 13 [4]  39/49 39/49 
2011 13 12 140 tr(3) 5 [2]  49/49 49/49 
2012 29 23 330 8.1 2.2 [0.7]  48/48 48/48 
2013 14 11 260 tr(4) 7 [2]  48/48 48/48 
2014 12 9.7 200 2.7 0.9 [0.4]  48/48 48/48 
2015 15 13 140 4.2 1.8 [0.6]  48/48 48/48 
2016 13 11 130 4.2 0.9 [0.3]  48/48 48/48 
2017 12 10 180  2.9  2.1 [0.8] 47/47 47/47 
2018 16 11 380  4.0  1.5 [0.6] 47/47 47/47 
2019 10 10 630 nd 8 [3]  46/48 46/48 

2002  

 

 

61 0.4pg/g-dry 61

4.5 10,000pg/g-dry  

2002 2019
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2002 2019 HCB  

HCB   
    [ ] 

   
  

 
(pg/g-dry) 

2002 240 200 19,000 7.6 0.9 [0.3]  189/189 63/63 
2003 160 120 42,000 5 4 [2]  186/186 62/62 
2004 140 100 25,000 tr(6) 7 [3]  189/189 63/63 
2005 170 130 22,000 13 3 [1]  189/189 63/63 
2006 180 120 19,000 10 2.9 [1.0]  192/192 64/64 
2007 140 110 65,000 nd 5 [2]  191/192 64/64
2008 160 97 29,000 4.4 2.0 [0.8]  192/192 64/64 
2009 150 120 34,000 nd 1.8 [0.7]  190/192 64/64 
2010 130 96 21,000 4 3 [1]  64/64 64/64 
2011 150 110 35,000 11 7 [3]  64/64 64/64 
2012 100 110 12,000 3 3 [1]  63/63 63/63 
2013 120 91 6,600 7.2 5.3 [1.8]  63/63 63/63 
2014 95 85 5,600 tr(4) 6 [2]  63/63 63/63 
2015 100 90 17,000 4 3 [1]  62/62 62/62 
2016 84 74 6,400 4 3 [1]  62/62 62/62 
2017 82 65 11,000  3  3 [1] 62/62 62/62 
2018 100 79 8,900  3.1  1.3 [0.5] 61/61 61/61 
2019 88 85 10,000 4.5 0.9 [0.4]  61/61 61/61 

2002 2009
 

 

 

3 1pg/g-wet 3

12 65pg/g-wet 16 1pg/g-wet

16 12 1,100pg/g-wet 1

1pg/g-wet 3,200pg/g-wet  

2002 2019 HCB  
HCB   

    [ ] 
   

  

 
(pg/g-wet) 

2002 21 22 330 2.4 0.18 [0.06]  38/38 8/8 
2003 44 27 660 tr(21) 23 [7.5]  30/30 6/6 
2004 32 31 80 14 14 [4.6]  31/31 7/7 
2005 51 28 450 19 11 [3.8]  31/31 7/7 
2006 46 28 340 11 3 [1]  31/31 7/7 
2007 37 22 400 11 7 [3]  31/31 7/7 
2008 38 24 240 13 7 [3]  31/31 7/7 
2009 34 32 200 12 4 [2]  31/31 7/7 
2010 34 48 210 tr(4) 5 [2]  6/6 6/6 
2011 45 34 920 4 4 [1]  4/4 4/4 
2012 39 38 340 10 8.4 [2.8]  5/5 5/5 
2013 32 39 250 nd 31 [10]  4/5 4/5 
2014  34 26 100 15 10 [3]  3/3 3/3 
2015 35 26 120 tr(14) 20 [6.5]  3/3 3/3 
2016 38 22 150 17 8.1 [2.7]  3/3 3/3 
2017 41 26 99 26 3.9 [1.3] 3/3 3/3 
2018 21 23 28 14 3.3 [1.1] 3/3 3/3 
2019 23 16 65 12 3 [1]  3/3 3/3    
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HCB   

    [ ] 
   

  

 
(pg/g-wet) 

2002 140 180 910 19 0.18 [0.06]  70/70 14/14 
2003 180 170 1,500 28 23 [7.5]  70/70 14/14 
2004 230 210 1,800 26 14 [4.6]  70/70 14/14 
2005 180 160 1,700 29 11 [3.8]  80/80 16/16 
2006 180 220 1,400 25 3 [1]  80/80 16/16 
2007 160 140 1,500 17 7 [3]  80/80 16/16 
2008 170 210 1,500 25 7 [3]  85/85 17/17 
2009 210 180 30,000 29 4 [2]  90/90 18/18 
2010 240 280 1,700 36 5 [2]  18/18 18/18 
2011 260 320 1,500 34 4 [1]  18/18 18/18 
2012 200 300 1,100 33 8.4 [2.8]  19/19 19/19 
2013 240 220 1,500 36 31 [10]  19/19 19/19 
2014 280 340 1,900 37 10 [3]  19/19 19/19 
2015 170 150 1,700 43 20 [6.5]  19/19 19/19 
2016 150 150 1,300 24 8.1 [2.7]  19/19 19/19 
2017 190 180 1,100 33 3.9 [1.3] 19/19 19/19 
2018 140 150 900 25 3.3 [1.1] 18/18 18/18 
2019 100 99 1,100 12 3 [1]  16/16 16/16 

 
(pg/g-wet) 

2002 1,000 1,200 1,600 560 0.18 [0.06]  10/10 2/2 
2003 1,800 2,000 4,700 790 23 [7.5]  10/10 2/2 
2004 980 1,300 2,200 410 14 [4.6]  10/10 2/2 
2005 1,000 1,100 2,500 400 11 [3.8]  10/10 2/2 
2006 970 1,100 2,100 490 3 [1]  10/10 2/2 
2007 960 1,100 2,000 420 7 [3]  10/10 2/2 
2008 880 1,100 2,500 240 7 [3]  10/10 2/2 
2009 850 910 1,500 400 4 [2]  10/10 2/2 
2010 970 --- 1,900 500 5 [2]  2/2 2/2 
2011 --- --- 460 460 4 [1]  1/1 1/1 
2012 840 --- 1,500 470 8.4 [2.8]  2/2 2/2 

2013  3,900 --- 5,200 2,900 31 [10]  2/2 2/2 
2014  420 --- 5,600 32 10 [3]  2/2 2/2 
2015  --- --- 760 760 20 [6.5]  1/1 1/1 
2016  1,700 --- 5,300 550 8.1 [2.7]  2/2 2/2 
2017  1,100 --- 4,900 230 3.9 [1.3] 2/2 2/2 
2018  2,800 --- 3,100 2,600 3.3 [1.1] 2/2 2/2 
2019  --- --- 3,200 3,200 3 [1]  1/1 1/1  

1 2002 2009
 

2 2013 2012
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36 0.06pg/m3 36

67 130pg/m3  

 

2002 2019 HCB  
HCB   

    [ ] 
   

  

 
(pg/m3) 

2002 99 93 3,000 57 0.9 [0.3]  102/102 34/34 
2003  150 130 430 81 2.3 [0.78]  35/35 35/35 
2003  94 90 320 64  34/34 34/34 
2004  130 130 430 47 1.1 [0.37]  37/37 37/37 
2004  98 89 390 51  37/37 37/37 
2005  88 90 250 27 0.14 [0.034]  37/37 37/37 
2005  77 68 180 44  37/37 37/37 
2006  83 89 210 23 0.21 [0.07]  37/37 37/37 
2006  65 74 170 8.2  37/37 37/37 
2007  110 100 230 72 0.09 [0.03]  24/24 24/24 
2007  77 72 120 55  22/22 22/22 
2008  120 110 260 78 0.22 [0.08]  22/22 22/22 
2008  87 83 160 58  36/36 36/36 
2009  110 110 210 78 0.6 [0.2]  34/34 34/34 
2009  87 87 150 59  34/34 34/34 
2010  120 120 160 73 1.8 [0.7]  37/37 37/37 
2010  100 96 380 56  37/37 37/37 
2011  120 110 180 87 2.3 [0.75]  35/35 35/35 
2011  96 96 160 75  37/37 37/37 
2012  120 110 150 84 4.3 [1.4]  36/36 36/36 
2012  97 95 150 68  36/36 36/36 
2013  110 110 180 52 3.8 [1.3]  36/36 36/36 
2013  97 97 180 73  36/36 36/36 
2014  150 160 240 84 1.4 [0.5]  36/36 36/36 
2015  120 130 170 74 0.5 [0.2]  35/35 35/35 
2016  130 130 220 79 0.8 [0.3]  37/37 37/37 
2017  130 120 550 73 0.5 [0.2] 37/37 37/37 
2018  100 100 140 72 0.4 [0.2] 37/37 37/37 
2019  96 99 130 67 0.14 [0.06] 36/36 36/36 
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2002  

3-2-1 HCB  

 

 

 
2002 2009  

 

3-2-2 HCB  

  

0

10

20

30

40

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[2] HCB

[ ] (pg/L)
2002 0.6 [0.2]
2003 5 [2]
2004 30 [8] 
2005 15 [5]
2006 16 [5]
2007 8 [3]
2008 3 [1]
2009 0.5 [0.2]
2010 13 [4]
2011 5 [2]
2012 2.2 [0.7]
2013 7 [2]
2014 0.9 [0.4]
2015 1.8 [0.6]
2016 0.9 [0.3]
2017 2.1 [0.8]
2018 1.5 [0.6]
2019 8 [3]

0

50

100

150

200

250

300

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[2] HCB

[ ] (pg/g-dry)
2002 0.9 [0.3]
2003 4 [2]
2004 7 [3]
2005 3 [1]
2006 2.9 [1.0]
2007 5 [2]
2008 2.0 [0.8]
2009 1.8 [0.7]
2010 3 [1]
2011 7 [3]
2012 3 [1]
2013 5.3[1.8]
2014 6 [2]
2015 3 [1]
2016 3 [1]
2017 3 [1]
2018 1.3 [0.5]
2019 0.9 [0.4]
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1 2002 2009

 
2 2013 2012

 

3-2-3 HCB  

 

 

 
3-2-4 HCB  

0

50

100

150

200

250

300

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[2] HCB

[ ] (pg/g-wet)
2002 0.18 [0.06]
2003 23 [7.5]
2004 14 [4.6]
2005 11 [3.8]
2006 3 [1]
2007 7 [3]
2008 7 [3]
2009 4 [2]
2010 5 [2]
2011 4 [1]
2012 8.4 [2.8]
2013 31 [10]
2014 10 [3]
2015 20 [6.5]
2016 8.1 [2.7]
2017 3.9 [1.3]
2018 3.3 [1.1]
2019 3 [1]
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20

40

60

80
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120

140
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[2] HCB

[ ] (pg/m3)
2002 0.9 [0.3]
2003 2.3 [0.78]
2004 1.1 [0.37]
2005 0.14 [0.034]
2006 0.21 [0.07]
2007 0.09 [0.03]
2008 0.22 [0.08]
2009 0.6 [0.2]
2010 1.8 [0.7]
2011 2.3 [0.75]
2012 4.3 [1.4]
2013 3.8 [1.3]
2014 1.4 [0.5]
2015 0.5 [0.2]
2016 0.8 [0.3]
2017 0.5 [0.2]
2018 0.4 [0.2]
2019 0.14 [0.06]
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[3]  

 

1971

1975 1981 10

POPs 2004

 

2001 1978 1989 1991

1993  

2002 2002 2009

2014 2018

 

2019 2018  

 

2018  

 
 

2002 2009  
   

    [ ] 
   

  

 
(pg/L) 

2002 0.8 0.9 18 nd 0.6 [0.2]  93/114 37/38 
2003 0.9 0.9 3.8 nd 0.6 [0.2]  34/36 34/36 
2004 tr(1.5) tr(1.8) 13 nd 2 [0.4]  33/38 33/38 
2005 tr(0.6) tr(0.7) 5.7 nd 0.9 [0.3]  32/47 32/47 
2006 nd nd 4.4 nd 1.7 [0.6]  18/48 18/48 
2007 tr(0.6) tr(0.6) 9.5 nd 1.0 [0.3]  34/48 34/48 
2008 tr(0.8) tr(0.7) 21 nd 1.4 [0.6]  26/48 26/48 
2009 0.7 0.9 22 nd 0.7 [0.3]  32/49 32/49 

2002  
 

 

2002 2018  
   

    [ ] 
   

  

 
(pg/g-dry) 

2002 14 12 570 nd 6 [2]  149/189 56/63 
2003 19 18 1,000 nd 2 [0.6]  178/186 60/62 
2004 10 10 390 nd 2 [0.6]  170/189 62/63 
2005 8.4 7.1 500 nd 1.4 [0.5]  173/189 62/63 
2006 10 9.3 330 nd 1.9 [0.6]  184/192 64/64 
2007 7.5 6.7 330 nd 1.8 [0.6]  172/192 60/64 
2008 6 6 370 nd 3 [1]  153/192 56/64 
2009 8.9 7.8 540 nd 0.5 [0.2]  180/192 64/64 
2018 3.7 3.8 270 nd 1.6 [0.6]  50/61 50/61 

1 2002 2009  
 

2 2010 2017  
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2002 2014  
   

    [ ] 
   

  

 
(pg/g-wet) 

2002 tr(1.6) nd 34 nd 4.2 [1.4]  12/38 4/8 
2003 tr(1.7) tr(0.85) 51 nd 2.5 [0.84]  15/30 3/6 
2004 tr(2.5) tr(1.6) 46 nd 4.0 [1.3]  16/31 4/7 
2005 tr(1.8) nd 84 nd 3.5 [1.2]  11/31 3/7 
2006 tr(2) nd 19 nd 4 [2]  11/31 3/7 
2007 tr(2) nd 26 nd 5 [2]  5/31 2/7 
2008 tr(2) nd 20 nd 5 [2]  5/31 3/7 
2009 tr(1.6) tr(0.8) 89 nd 2.1 [0.8]  16/31 6/7 
2014 nd nd nd nd 1.8 [0.7]  0/3 0/3 

 
(pg/g-wet) 

2002 nd nd tr(2.0) nd 4.2 [1.4]  1/70 1/14 
2003 nd nd tr(1.9) nd 2.5 [0.84]  16/70 7/14 
2004 nd nd tr(2.4) nd 4.0 [1.3]  5/70 2/14 
2005 nd nd 6.4 nd 3.5 [1.2]  11/80 5/16 
2006 nd nd tr(2) nd 4 [2]  2/80 2/16 
2007 nd nd tr(2) nd 5 [2]  2/80 2/16 
2008 nd nd tr(2) nd 5 [2]  1/85 1/17 
2009 nd nd 3.1 nd 2.1 [0.8]  22/90 7/18 
2014 nd nd 2.4 nd 1.8 [0.7]  4/19 4/19 

 
(pg/g-wet) 

2002 nd nd nd nd 4.2 [1.4]  0/10 0/2 
2003 nd nd nd nd 2.5 [0.84]  0/10 0/2 
2004 nd nd nd nd 4.0 [1.3]  0/10 0/2 
2005 nd nd nd nd 3.5 [1.2]  0/10 0/2 
2006 nd nd nd nd 4 [2]  0/10 0/2 
2007 nd nd nd nd 5 [2]  0/10 0/2 
2008 nd nd nd nd 5 [2]  0/10 0/2 
2009 nd nd nd nd 2.1 [0.8]  0/10 0/2 

2014  nd --- nd nd 1.8 [0.7]  0/2 0/2 
1 2002 2009

 
2 2014 2012

 
3 2010 2013  

 

 

2002 2014  
   

    [ ] 
   

  

 
(pg/m3) 

2002 tr(0.030) nd 3.2 nd 0.060 [0.020]  41/102 19/34 
2003  1.5 1.9 28 nd 0.023 [0.0077]  34/35 34/35 
2003  0.55 0.44 6.9 0.030  34/34 34/34 
2004  tr(0.12) nd 14 nd 0.15 [0.05]  15/37 15/37 
2004  tr(0.08) nd 13 nd  14/37 14/37 
2005  0.33 0.56 10 nd 0.08 [0.03]  29/37 29/37 
2005  tr(0.04) nd 1.8 nd  9/37 9/37 
2006  0.30 0.35 8.5 nd 0.14 [0.05]  31/37 31/37 
2006  tr(0.05) nd 1.1 nd  16/37 16/37 
2007  0.58 0.48 19 nd 0.05 [0.02]  35/36 35/36 
2007  0.14 0.15 2.1 nd  34/36 34/36 
2008  0.27 0.30 9.4 tr(0.02) 0.04 [0.02]  25/25 25/25 
2008  0.09 0.08 1.3 nd  22/25 22/25 
2009  0.07 nd 10 nd 0.04 [0.02]  10/25 10/25 
2009  tr(0.03) nd 1.8 nd  8/24 8/24 
2014  nd nd 17 nd 12 [4]  6/34 6/34 

2010 2013  
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1 2002  
2 2010 2019  
3 2006 1/2  

3-3-1  

 

 
1 2002 2009

 
2 2010 2017 2019  

3-3-2   

0

0.5

1

1.5

2

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[3] 

[ ] (pg/L)
2002 0.6 [0.2]
2003 0.6 [0.2]
2004 2 [0.4] 
2005 0.9 [0.3]
2006 1.7 [0.6]
2007 1.0 [0.3]
2008 1.4 [0.6]
2009 0.7 [0.3]

0

5

10

15

20

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[3] 

[ ] (pg/g-dry)
2002 6 [2]
2003 2 [0.6]
2004 2 [0.6]
2005 1.4 [0.5]
2006 1.9 [0.6]
2007 1.8 [0.6]
2008 3 [1]
2009 0.5 [0.2]
2018 1.6 [0.6]
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1 2002 2009

 
2  
3 2014 2009

 
4 2010 2013 2015 2019  
5 2014 1/2  

3-3-3  
 

 
1 2010 2013 2015 2019  
2 2014 1/2  

3-3-4   

0

0.5

1

1.5

2

2.5

3

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[3] 

[ ] (pg/g-wet)
2002 4.2 [1.4]
2003 2.5 [0.84]
2004 4.0 [1.3]
2005 3.5 [1.2]
2006 4 [2]
2007 5 [2]
2008 5 [2]
2009 2.1 [0.8]
2014 1.8 [0.7]

0

0.5

1

1.5

2

2.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[3] 

[ ] (pg/m3)
2002 0.060 [0.020]
2003 0.023 [0.0077]
2004 0.15 [0.05]
2005 0.08 [0.03]
2006 0.14 [0.05]
2007 0.05 [0.02]
2008 0.04 [0.02]
2009 0.04 [0.02]
2014 12 [4]
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[4]  

 

1955 1964 1971

1975

1981 10

POPs 2004

 

2001 1978 1996

1998 2000 2001

1986 1998 1986 2001

 

2002 2002 2009 2011

2014

2018  

 
2018  

 
 

2002 2014  
   

    [ ] 
   

  

 
(pg/L) 

2002 42 41 940 3.3 1.8 [0.6]  114/114 38/38 
2003 57 57 510 9.7 0.7 [0.3]  36/36 36/36 
2004 55 51 430 9 2 [0.5]  38/38 38/38 
2005 39 49 630 4.5 1.0 [0.34]  47/47 47/47 
2006 36 32 800 6 3 [1]  48/48 48/48 
2007 38 36 750 3.1 2.1 [0.7]  48/48 48/48 
2008 36 37 450 3.6 1.5 [0.6]  48/48 48/48 
2009 36 32 650 2.7 0.6 [0.2]  49/49 49/49 
2011 33 38 300 2.1 1.6 [0.6]  49/49 49/49 
2014 28 27 200 2.7 0.5 [0.2]  48/48 48/48 

1 2002  
2 2010 2012 2013  

 

 

2002 2018  
   

    [ ] 
   

  

 
(pg/g-dry) 

2002 70 51 2,300 4 3 [1]  189/189 63/63 
2003 66 56 9,100 nd 4 [2]  184/186 62/62 
2004 65 62 3,700 tr(1.9) 3 [0.9]  189/189 63/63 
2005 61 55 4,200 tr(2) 3 [1]  189/189 63/63 
2006 61 54 1,500 tr(1.7) 2.9 [1.0]  192/192 64/64 
2007 49 40 2,700 tr(1.2) 2.7 [0.9]  192/192 64/64 
2008 48 43 2,900 tr(0.7) 1.2 [0.5]  192/192 64/64 
2009 51 47 3,000 1.1 0.8 [0.3]  192/192 64/64 
2011 47 44 2,200 2 5 [2]  64/64 64/64 
2018 33 33 860 nd 1.6 [0.6]  60/61 60/61 

1 2002 2009
 

2 2010 2012 2017  
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2002 2014  
   

    [ ] 
   

  

 
(pg/g-wet) 

2002 440 390 190,000 tr(7) 12 [4]  38/38 8/8 
2003 440 160 78,000 46 4.8 [1.6]  30/30 6/6 
2004 630 270 69,000 42 31 [10]  31/31 7/7 
2005 500 140 39,000 34 9.4 [3.4]  31/31 7/7 
2006 450 120 47,000 30 7 [3]  31/31 7/7 
2007 380 110 77,000 37 9 [3]  31/31 7/7 
2008 430 150 24,000 47 9 [3]  31/31 7/7 
2009 490 230 28,000 48 7 [2]  31/31 7/7 
2011 390 690 3,800 16 3 [1]  4/4 4/4 
2014 180 300 490 41 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 290 270 2,400 46 12 [4]  70/70 14/14 
2003 220 200 1,000 29 4.8 [1.6]  70/70 14/14 
2004 250 230 2,800 tr(23) 31 [10]  70/70 14/14 
2005 230 250 1,400 21 9.4 [3.4]  80/80 16/16 
2006 230 220 1,400 19 7 [3]  80/80 16/16 
2007 250 210 1,900 23 9 [3]  80/80 16/16 
2008 240 240 1,300 15 9 [3]  85/85 17/17 
2009 240 190 1,400 29 7 [2]  90/90 18/18 
2011 270 340 1,100 17 3 [1]  18/18 18/18 
2014 270 310 1,000 27 3 [1]  19/19 19/19 

 
(pg/g-wet) 

2002 1,100 1,100 1,700 820 12 [4]  10/10 2/2 
2003 1,300 1,400 2,200 790 4.8 [1.6]  10/10 2/2 
2004 600 610 960 370 31 [10]  10/10 2/2 
2005 830 740 1,800 500 9.4 [3.4]  10/10 2/2 
2006 700 690 1,300 440 7 [3]  10/10 2/2 
2007 710 710 910 560 9 [3]  10/10 2/2 
2008 680 620 1,300 260 9 [3]  10/10 2/2 
2009 470 420 890 330 7 [2]  10/10 2/2 
2011 --- --- 770 770 3 [1]  1/1 1/1 

2014  320 --- 530 190 3 [1]  2/2 2/2 
1 2002 2009

 
2 2014 2011

 
3 2010 2012 2013  

 

 

2002 2014  
   

    [ ] 
   

  

 
(pg/m3) 

2002 5.6 5.4 110 0.73 0.60 [0.20]  102/102 34/34 
2003  19 22 260 2.1 2.1 [0.70]  35/35 35/35 
2003  5.7 5.2 110 tr(0.82)  34/34 34/34 
2004  17 22 280 1.1 0.33 [0.11]  37/37 37/37 
2004  5.5 6.9 76 0.81  37/37 37/37 
2005  14 12 200 1.5 0.54 [0.24]  37/37 37/37 
2005  3.9 3.6 50 0.88  37/37 37/37 
2006  15 14 290 1.5 0.3 [0.1]  37/37 37/37 
2006  4.5 4.2 250 0.7  37/37 37/37 
2007  19 22 310 1.3 0.18 [0.07]  36/36 36/36 
2007  4.5 3.7 75 0.96  36/36 36/36 
2008  14 16 220 1.6 0.24 [0.09]  37/37 37/37 
2008  4.9 3.8 72 0.68  37/37 37/37 
2009  13 13 150 0.91 0.06 [0.02]  37/37 37/37 
2009  4.5 4.0 80 0.52  37/37 37/37 
2011  12 15 230 0.80 0.42 [0.14]  35/35 35/35 
2011  4.3 4.9 96 0.52  37/37 37/37 
2014  11 9.9 160 0.89 0.34 [0.11]  36/36 36/36 

2010 2012 2013  
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1 2002  
2 2010 2012 2013 2015 2019  

3-4-1  

 

 

 
1 2002 2009

 
2 2010 2012 2017 2019  

3-4-2   
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[4] 

[ ] (pg/L)
2002 1.8 [0.6]
2003 0.7 [0.3]
2004 2 [0.5]
2005 1.0 [0.34]
2006 3 [1]
2007 2.1 [0.7]
2008 1.5 [0.6]
2009 0.6 [0.2]
2011 1.6 [0.6]
2014 0.5 [0.2]

0

20

40

60

80

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[4] 

[ ] (pg/g-dry)
2002 3 [1]
2003 4 [2]
2004 3 [0.9]
2005 3 [1]
2006 2.9 [1.0]
2007 2.7 [0.9]
2008 1.2 [0.5]
2009 0.8 [0.3]
2011 5 [2]
2018 1.6 [0.6]
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1 2002 2009

 
2 2014 2011

 
3 2010 2012 2013 2015 2019  

3-4-3  
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[4] 

[ ] (pg/g-wet)
2002 12 [4]
2003 4.8 [1.6]
2004 31 [10]
2005 9.4 [3.4]
2006 7 [3]
2007 9 [3]
2008 9 [3]
2009 7 [2]
2011 3 [1]
2004 3 [1]

0

5
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pg
/m

3

[4] 

[ ] (pg/m3)
2002 0.60 [0.20]
2003 2.1 [0.70]
2004 0.33 [0.11]
2005 0.54 [0.24]
2006 0.3 [0.1]
2007 0.18 [0.07]
2008 0.24 [0.09]
2009 0.06 [0.02]
2011 0.42 [0.14]
2014 0.34 [0.11]
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[5]  

 

1975

1981 10 POPs 2004

 

2001 1978 1989 1991

1993  

2002 2002 2009 2011

2014

2018  

2019 2018  

 

2018  

 
 

2002 2014  
   

    [ ] 
   

  

 
(pg/L) 

2002 tr(4.8) tr(5.5) 31 nd 6.0 [2.0]  101/114 36/38 
2003 5.7 6.0 78 0.7 0.7 [0.3]  36/36 36/36 
2004 7 7 100 tr(0.7) 2 [0.5]  38/38 38/38 
2005 4.0 4.5 120 nd 1.1 [0.4]  45/47 45/47 
2006 3.1  3.5 26 nd 1.3 [0.4]  44/48 44/48 
2007 3.5 3.4 25 nd 1.9 [0.6]  46/48 46/48 
2008 3 4 20 nd 3 [1]  45/48 45/48 
2009 2.0 2.3 67 nd 0.7 [0.3]  39/49 39/49 
2011 3.8 4.6 71 nd 1.6 [0.6]  47/49 47/49 
2014 2.5 2.2 25 tr(0.4) 0.5 [0.2]  48/48 48/48 

1 2002  
2 2010 2012 2013  

 

 

2002 2018  
   

    [ ] 
   

  

 
(pg/g-dry) 

2002 10 10 19,000 nd 6 [2]  141/189 54/63 
2003 12 11 29,000 nd 5 [2]  150/186 53/62 
2004 15 13 6,900 nd 3 [0.9]  182/189 63/63 
2005 12 11 19,000 nd 2.6 [0.9]  170/189 61/63 
2006 12 10 61,000 nd 4 [1]  178/192 63/64 
2007 11 9 61,000 nd 5 [2]  151/192 55/64 
2008 11 11 38,000 nd 1.9 [0.7]  168/192 61/64 
2009 9.6 8.4 11,000 nd 1.6 [0.6]  168/192 63/64 
2011 8.8 14 1,100 nd 1.1 [0.4]  59/64 59/64 
2018 6.4 5.9 7,500 nd 2.4 [0.9]  48/61 48/61 

1 2002 2009
 

2 2010 2012 2017  
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2002 2014  
   

    [ ] 
   

  

 
(pg/g-wet) 

2002 42 27 12,000 nd 18 [6]  35/38 7/8 
2003 38 21 5,000 6.3 4.8 [1.6]  30/30 6/6 
2004 65 25 4,600 tr(5.7) 12 [4.2]  31/31 7/7 
2005 39 19 2,100 nd 17 [5.5]  27/31 7/7 
2006 40 15 3,100 tr(5) 11 [4]  31/31 7/7 
2007 28 12 3,000 tr(6) 9 [3]  31/31 7/7 
2008 30 10 1,500 tr(6) 8 [3]  31/31 7/7 
2009 38 19 1,400 tr(5) 7 [3]  31/31 7/7 
2011 33 62 110 tr(3) 4 [2]  4/4 4/4 
2014 23 17 84 8 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 20 24 180 nd 18 [6]  54/70 13/14 
2003 14 10 180 nd 4.8 [1.6]  67/70 14/14 
2004 18 24 220 nd 12 [4.2]  57/70 13/14 
2005 19 tr(16) 2,100 nd 17 [5.5]  58/80 12/16 
2006 13 tr(10) 150 nd 11 [4]  66/80 16/16 
2007 13 12 170 nd 9 [3]  69/80 15/16 
2008 11 10 200 nd 8 [3]  63/85 14/17 
2009 17 12 270 nd 7 [3]  86/90 18/18 
2011 18 19 160 nd 4 [2]  16/18 16/18 
2014 16 16 140 nd 3 [1]  18/19 18/19 

 
(pg/g-wet) 

2002 28 52 99 nd 18 [6]  7/10 2/2 
2003 22 30 96 5.4 4.8 [1.6]  10/10 2/2 
2004 tr(11) 25 62 nd 12 [4.2]  5/10 1/2 
2005 18 28 64 nd 17 [5.5]  7/10 2/2 
2006 16 23 57 tr(4) 11 [4]  10/10 2/2 
2007 17 28 55 nd 9 [3]  9/10 2/2 
2008 10 26 83 nd 8 [3]  5/10 1/2 
2009 11 17 43 tr(3) 7 [3]  10/10 2/2 
2011 --- --- tr(3) tr(3) 4 [2]  1/1 1/1 

2014  4 --- 5 4 3 [1]  2/2 2/2 
1 2002 2009

 
2 2010 2012 2013  
3 2014 2011

 
 

 

2002 2014  
   

    [ ] 
   

  

 
(pg/m3) 

2002 0.22 0.28 2.5 nd 0.090 [0.030]  90/102 32/34 
2003  0.74 0.95 6.2 0.081 0.042 [0.014]  35/35 35/35 
2003  0.23 0.20 2.1 0.042  34/34 34/34 
2004  0.64 0.68 6.5 tr(0.054) 0.14 [0.048]  37/37 37/37 
2004  0.23 0.26 1.9 nd  36/37 36/37 
2005  tr(0.4) tr(0.3) 2.9 nd 0.5 [0.2]  27/37 27/37 
2005  nd nd 0.7 nd  8/37 8/37 
2006  0.31 0.32 5.4 nd 0.30 [0.10]  32/37 32/37 
2006  nd nd 5.0 nd  7/37 7/37 
2007  0.69 0.73 6.3 tr(0.06) 0.09 [0.04]  36/36 36/36 
2007  0.16 0.13 1.5 nd  33/36 33/36 
2008  0.53 0.68 4.6 tr(0.06) 0.10 [0.04]  37/37 37/37 
2008  0.18 0.18 1.8 nd  35/37 35/37 
2009  0.49 0.51 3.4 nd 0.09 [0.04]  36/37 36/37 
2009  0.17 0.15 1.8 nd  36/37 36/37 
2011  0.46 0.62 5.1 nd 0.09 [0.04]  34/35 34/35 
2011  0.16 0.16 1.8 nd  33/37 33/37 
2014  0.39 0.48 2.9 nd 0.20 [0.07]  32/36 32/36 

2010 2012 2013  
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1 2002  
2 2010 2012 2013 2015 2019  

3-5-1  

 

 

 
1 2002 2009

 
2 2010 2012 2017 2019  

3-5-2  
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[ ] (pg/L)
2002 6.0 [2.0]
2003 0.7 [0.3]
2004 2 [0.5]
2005 1.1 [0.4]
2006 1.3 [0.4]
2007 1.9 [0.6]
2008 3 [1]
2009 0.7 [0.3]
2011 1.6 [0.6] 
2014 0.5 [0.2]

0
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8
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16

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/
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[5] 

[ ] (pg/g-dry)
2002 6 [2]
2003 5 [2]
2004 3 [0.9]
2005 2.6 [0.9]
2006 4 [1]
2007 5 [2]
2008 1.9 [0.7]
2009 1.6 [0.6]
2011 1.1 [0.4]
2018 2.4 [0.9]
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1 2002 2009

 
2 2010 2012 2013 2015 2019  

3-5-3  
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[ ] (pg/g-wet)
2002 18 [6]
2003 4.8 [1.6]
2004 12 [4.2]
2005 17 [5.5]
2006 11 [4]
2007 9 [3]
2008 8 [3]
2009 7 [3]
2011 4 [2]
2014 3 [1]
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0.2

0.4

0.6

0.8

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[5] 

[ ] (pg/m3)
2002 0.090 [0.030]
2003 0.042 [0.014]
2004 0.14 [0.048]
2005 0.5 [0.2]
2006 0.30 [0.10]
2007 0.09 [0.04]
2008 0.10 [0.04]
2009 0.09 [0.04]
2011 0.09 [0.04]
2014 0.20 [0.07]
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[6] DDT  

 

DDT HCH 1971

1981 10 p,p'-DDT

POPs 2004 DDT

 

DDT

p,p'-DDT o,p'-DDT DDT

p,p'-DDE o,p'-DDE p,p'-DDD o,p'-DDD 1978  

2001 p,p'-DDT p,p'-DDE p,p'-DDD

1978 2001

1986 1998 1986 2001

o,p'-DDT o,p'-DDE o,p'-DDD 1978

1996 1998 2000 2001

 

2002 p,p'-DDT p,p'-DDE p,p'-DDD o,p'-DDT o,p'-DDE

o,p'-DDD 2002 2010

2013 2014 2015

2018  

2019 2018  

 

2018  

 
p,p'-DDT p,p'-DDE p,p'-DDD  
 

 

2002 2014 p,p'-DDT p,p'-DDE p,p'-DDD  
p,p'-DDT   

    [ ] 
   

  

 
(pg/L) 

2002 13 11 440 0.25 0.6 [0.2]  114/114 38/38 
2003 14 12 740 tr(2.8) 3 [0.9]  36/36 36/36 
2004 15 14 310 nd 6 [2]  36/38 36/38 
2005 8 9 110 1 4 [1]  47/47 47/47 
2006 9.1 9.2 170 tr(1.6) 1.9 [0.6]  48/48 48/48 
2007 7.3 9.1 670 nd 1.7 [0.6]  46/48 46/48 
2008 11 11 1,200 nd 1.2 [0.5]  47/48 47/48 
2009 9.2 8.4 440 0.81 0.15 [0.06]  49/49 49/49 
2010 8.5 7.6 7,500 tr(1.0) 2.4 [0.8]  49/49 49/49 
2014 4.4 3.9 380 nd 0.4 [0.1]  47/48 47/48 
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p,p'-DDE   
    [ ] 

   
  

 
(pg/L) 

2002 25 26 760 1.3 0.6 [0.2]  114/114 38/38 
2003 26 22 380 5 4 [2]  36/36 36/36 
2004 36 34 680 tr(6) 8 [3]  38/38 38/38 
2005 26 24 410 4 6 [2]  47/47 47/47 
2006 24 24 170 tr(4) 7 [2]  48/48 48/48 
2007 22 23 440 tr(2) 4 [2]  48/48 48/48 
2008 27 28 350 2.5 1.1 [0.4]  48/48 48/48 
2009 23 23 240 3.4 1.1 [0.4]  49/49 49/49 
2010 14 12 1,600 2.4 2.3 [0.8]  49/49 49/49 
2014 16 17 610 1.9 0.5 [0.2]  48/48 48/48 

p,p'-DDD   
    [ ] 

   
  

 
(pg/L) 

2002 16 18 190 0.57 0.24 [0.08]  114/114 38/38 
2003 19 18 410 4 2 [0.5]  36/36 36/36 
2004 19 18 740 tr(2.4) 3 [0.8]  38/38 38/38 
2005 17 16 130 tr(1.8) 1.9 [0.64]  47/47 47/47 
2006 16 17 99 2.0  1.6 [0.5]  48/48 48/48 
2007 15 12 150 tr(1.5) 1.7 [0.6]  48/48 48/48 
2008 22 20 850 2.0 0.6 [0.2]  48/48 48/48 
2009 14 13 140 1.4 0.4 [0.2]  49/49 49/49 
2010 12 10 970 1.6 0.20 [0.08]  49/49 49/49 
2014 9.0 8.7 87 1.0 1.0 [0.4]  48/48 48/48 

1 2002  
2 2011 2013  

 

 

2002 2014 p,p'-DDT p,p'-DDE p,p'-DDD  
p,p'-DDT   

    [ ] 
   

  

 
(pg/g-dry) 

2002 380 240 97,000 tr(5) 6 [2]  189/189 63/63 
2003 290 220 55,000 3 2 [0.4]  186/186 62/62 
2004 460 230 98,000 7 2 [0.5]  189/189 63/63 
2005 360 230 1,700,000 5.1 1.0 [0.34]  189/189 63/63 
2006 310 240 130,000 4.5 1.4 [0.5]  192/192 64/64 
2007 210 150 130,000 3 1.3 [0.5]  192/192 64/64 
2008 270 180 1,400,000 4.8 1.2 [0.5]  192/192 64/64 
2009 250 170 2,100,000 1.9 1.0 [0.4]  192/192 64/64 
2010 230 200 220,000 9.3 2.8 [0.9]  64/64 64/64 
2014 140 140 12,000 tr(0.2) 0.4 [0.2]  63/63 63/63 

p,p'-DDE   
    [ ] 

   
  

 
(pg/g-dry) 

2002 780 630 23,000 8.4 2.7 [0.9]  189/189 63/63 
2003 790 780 80,000 9.5 0.9 [0.3]  186/186 62/62 
2004 720 700 39,000 8 3 [0.8]  189/189 63/63 
2005 710 730 64,000 8.4 2.7 [0.94]  189/189 63/63 
2006 710 820 49,000 5.8 1.0 [0.3]  192/192 64/64 
2007 670 900 61,000 3.2 1.1 [0.4]  192/192 64/64 
2008 920 940 96,000 9.0 1.7 [0.7]  192/192 64/64 
2009 700 660 50,000 6.7 0.8 [0.3]  192/192 64/64 
2010 680 790 40,000 11 5 [2]  64/64 64/64 
2014 530 610 64,000 11 1.8 [0.6]  63/63 63/63 

p,p'-DDD   
    [ ] 

   
  

 
(pg/g-dry) 

2002 640 690 51,000 tr(2.2) 2.4 [0.8]  189/189 63/63 
2003 670 580 32,000 3.7 0.9 [0.3]  186/186 62/62 
2004 650 550 75,000 4 2 [0.7]  189/189 63/63 
2005 600 570 210,000 5.2 1.7 [0.64]  189/189 63/63 
2006 560 540 53,000 2.2 0.7 [0.2]  192/192 64/64 
2007 520 550 80,000 3.5 1.0 [0.4]  192/192 64/64 
2008 740 660 300,000 2.8 1.0 [0.4]  192/192 64/64 
2009 540 560 300,000 3.9 0.4 [0.2]  192/192 64/64 
2010 510 510 78,000 4.4 1.4 [0.5]  64/64 64/64 
2014 330 410 21,000 4.9 4.2 [1.4]  63/63 63/63 

1 2002 2009
 

2 2011 2013  
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2002 2018 p,p'-DDT p,p'-DDE
p,p'-DDD  

p,p'-DDT   
    [ ] 

   
  

 
(pg/g-wet) 

2002 200 200 1,200 38 4.2 [1.4]  38/38 8/8 
2003 290 290 1,800 49 11 [3.5]  30/30 6/6 
2004 360 340 2,600 48 3.2 [1.1]  31/31 7/7 
2005 240 170 1,300 66 5.1 [1.7]  31/31 7/7 
2006 250 220 1,100 56 6 [2]  31/31 7/7 
2007 240 150 1,200 49 5 [2]  31/31 7/7 
2008 160 100 1,400 12 5 [2]  31/31 7/7 
2009 240 170 9,600 46 3 [1]  31/31 7/7 
2010 180 280 470 43 3 [1]  6/6 6/6 
2013 190 210 890 46 3.3 [1.1]  5/5 5/5 
2018 70 39 280 32 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 430 450 24,000 6.8 4.2 [1.4]  70/70 14/14 
2003 220 400 1,900 tr(3.7) 11 [3.5]  70/70 14/14 
2004 410 330 53,000 5.5 3.2 [1.1]  70/70 14/14 
2005 280 330 8,400 tr(3.8) 5.1 [1.7]  80/80 16/16 
2006 300 340 3,000 tr(5) 6 [2]  80/80 16/16 
2007 260 320 1,800 9 5 [2]  80/80 16/16 
2008 280 310 2,900 7 5 [2]  85/85 17/17 
2009 250 300 2,000 4 3 [1]  90/90 18/18 
2010 240 280 2,100 7 3 [1]  18/18 18/18 
2013 280 250 3,300 5.2 3.3 [1.1]  19/19 19/19 
2018 150 150 4,800 tr (2) 3 [1]  18/18 18/18 

 
(pg/g-wet) 

2002 440 510 1,300 76 4.2 [1.4]  10/10 2/2 
2003 610 620 1,400 180 11 [3.5]  10/10 2/2 
2004 340 320 700 160 3.2 [1.1]  10/10 2/2 
2005 430 550 900 180 5.1 [1.7]  10/10 2/2 
2006 580 490 1,800 110 6 [2]  10/10 2/2 
2007 480 350 1,900 160 5 [2]  10/10 2/2 
2008 160 170 270 56 5 [2]  10/10 2/2 
2009 300 190 2,900 85 3 [1]  10/10 2/2 
2010 3 --- 15 nd 3 [1]  1/2 1/2 

2013  14 --- 46 4.3 3.3 [1.1]  2/2 2/2 
2018  43 --- 63 29 3[1]  2/2 2/2 

p,p'-DDE   
    [ ] 

   
  

 
(pg/g-wet) 

2002 1,000 1,700 6,000 140 2.4 [0.8]  38/38 8/8 
2003 1,200 1,000 6,500 190 5.7 [1.9]  30/30 6/6 
2004 1,300 1,400 8,400 220 8.2 [2.7]  31/31 7/7 
2005 1,200 1,600 6,600 230 8.5 [2.8]  31/31 7/7 
2006 1,000 1,200 6,000 160 1.9 [0.7]  31/31 7/7 
2007 1,100 1,200 5,600 180 3 [1]  31/31 7/7 
2008 900 1,100 5,800 120 3 [1]  31/31 7/7 
2009 940 1,100 6,400 150 4 [1]  31/31 7/7 
2010 1,100 1,300 6,300 230 3 [1]  6/6 6/6 
2013 790 1,600 3,000 170 4.3 [1.4]  5/5 5/5 
2018 420 230 2,200 150 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 2,900 2,200 98,000 510 2.4 [0.8]  70/70 14/14 
2003 2,000 2,200 12,000 180 5.7 [1.9]  70/70 14/14 
2004 3,000 2,100 52,000 390 8.2 [2.7]  70/70 14/14 
2005 2,400 2,400 73,000 230 8.5 [2.8]  80/80 16/16 
2006 2,200 2,600 28,000 280 1.9 [0.7]  80/80 16/16 
2007 2,200 2,000 22,000 160 3 [1]  80/80 16/16 
2008 2,500 2,000 53,000 320 3 [1]  85/85 17/17 
2009 2,300 2,100 20,000 260 4 [1]  90/90 18/18 
2010 2,300 2,100 13,000 260 3 [1]  18/18 18/18 
2013 2,900 2,800 16,000 430 4.3 [1.4]  19/19 19/19 
2018 1,900 1,700 16,000 290 3 [1]  18/18 18/18 
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p,p'-DDE   
    [ ] 

   
  

 
(pg/g-wet) 

2002 36,000 60,000 170,000 8,100 2.4 [0.8]  10/10 2/2 
2003 66,000 76,000 240,000 18,000 5.7 [1.9]  10/10 2/2 
2004 34,000 65,000 200,000 6,800 8.2 [2.7]  10/10 2/2 
2005 44,000 86,000 300,000 7,100 8.5 [2.8]  10/10 2/2 
2006 38,000 57,000 160,000 5,900 1.9 [0.7]  10/10 2/2 
2007 40,000 56,000 320,000 6,700 3 [1]  10/10 2/2 
2008 51,000 79,000 160,000 7,500 3 [1]  10/10 2/2 
2009 30,000 64,000 220,000 4,300 4 [1]  10/10 2/2 
2010 32,000 --- 160,000 6,300 3 [1]  2/2 2/2 

2013  170,000 --- 170,000 170,000 4.3 [1.4]  2/2 2/2 
2018  80,000 --- 290,000 22,000 3 [1]  2/2 2/2 

p,p'-DDD   
    [ ] 

   
  

 
(pg/g-wet) 

2002 340 710 3,200 11 5.4 [1.8]  38/38 8/8 
2003 390 640 2,600 tr(7.5) 9.9 [3.3]  30/30 6/6 
2004 440 240 8,900 7.8 2.2 [0.70]  31/31 7/7 
2005 370 800 1,700 13 2.9 [0.97]  31/31 7/7 
2006 300 480 1,400 7.3 2.4 [0.9]  31/31 7/7 
2007 310 360 1,500 7 3 [1]  31/31 7/7 
2008 280 280 1,300 6 3 [1]  31/31 7/7 
2009 220 170 2,400 5.8 2.4 [0.9]  31/31 7/7 
2010 180 330 960 11 1.3 [0.5]  6/6 6/6 
2013 270 520 1,300 19 1.9 [0.7]  5/5 5/5 
2018 110 93 830 17 1.4 [0.6]  3/3 3/3 

 
(pg/g-wet) 

2002 750 680 14,000 80 5.4 [1.8]  70/70 14/14 
2003 510 520 3,700 43 9.9 [3.3]  70/70 14/14 
2004 770 510 9,700 56 2.2 [0.70]  70/70 14/14 
2005 510 650 6,700 29 2.9 [0.97]  80/80 16/16 
2006 520 580 4,300 60 2.4 [0.9]  80/80 16/16 
2007 470 490 4,100 36 3 [1]  80/80 16/16 
2008 460 440 4,100 33 3 [1]  85/85 17/17 
2009 440 460 2,500 57 2.4 [0.9]  90/90 18/18 
2010 560 610 2,900 57 1.3 [0.5]  18/18 18/18 
2013 500 500 4,700 68 1.9 [0.7]  19/19 19/19 
2018 280 250 3,100 40 1.4 [0.6]  18/18 18/18 

 
(pg/g-wet) 

2002 580 740 3,900 140 5.4 [1.8]  10/10 2/2 
2003 640 860 3,900 110 9.9 [3.3]  10/10 2/2 
2004 330 520 1,400 52 2.2 [0.70]  10/10 2/2 
2005 310 540 1,400 45 2.9 [0.97]  10/10 2/2 
2006 410 740 1,800 55 2.4 [0.9]  10/10 2/2 
2007 440 780 2,300 70 3 [1]  10/10 2/2 
2008 240 490 1,100 35 3 [1]  10/10 2/2 
2009 280 430 3,400 31 2.4 [0.9]  10/10 2/2 
2010 440 --- 1,600 120 1.3 [0.5]  2/2 2/2 

2013  140 --- 270 70 1.9 [0.7]  2/2 2/2 
2018  230 --- 260 210 1.4 [0.6]  2/2 2/2 

1 2002 2009
 

2 2013 2010
 

3 2011 2012 2014 2017  
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2002 2018 p,p'-DDT p,p'-DDE p,p'-DDD  

p,p'-DDT   
    [ ] 

   
  

 
(pg/m3) 

2002 1.9 1.8 22 0.25 0.24 [0.08]  102/102 34/34 
2003  5.8 6.6 24 0.75 0.14 [0.046]  35/35 35/35 
2003  1.7 1.6 11 0.31  34/34 34/34 
2004  4.7 5.1 37 0.41 0.22 [0.074]  37/37 37/37 
2004  1.8 1.7 13 0.29  37/37 37/37 
2005  4.1 4.2 31 0.44 0.16 [0.054]  37/37 37/37 
2005  1.1 0.99 4.8 0.25  37/37 37/37 
2006  4.2 3.8 51 0.35 0.17 [0.06]  37/37 37/37 
2006  1.4 1.2 7.3 0.29  37/37 37/37 
2007  4.9 5.2 30 0.6 0.07 [0.03]  36/36 36/36 
2007  1.2 1.2 8.8 0.23  36/36 36/36 
2008  3.6 3.0 27 0.76 0.07 [0.03]  37/37 37/37 
2008  1.2 1.0 15 0.22  37/37 37/37 
2009  3.6 3.6 28 0.44 0.07 [0.03]  37/37 37/37 
2009  1.1 1.0 8.0 0.20  37/37 37/37 
2010  3.5 3.1 56 0.28 0.10 [0.03]  37/37 37/37 
2010  1.3 0.89 16 0.30  37/37 37/37 
2013  2.8 3.6 17 0.20 0.11 [0.04]  36/36 36/36 
2013  0.65 0.53 4.5 0.18  36/36 36/36 
2015  1.5 1.8 13 0.18 0.15 [0.05]  35/35 35/35 
2018  1.6 2 14 0.15 0.03 [0.01]  37/37 37/37 

p,p'-DDE   
    [ ] 

   
  

 
(pg/m3) 

2002 2.8 2.7 28 0.56 0.09 [0.03]  102/102 34/34 
2003  7.2 7.0 51 1.2 0.40 [0.13]  35/35 35/35 
2003  2.8 2.4 22 1.1  34/34 34/34 
2004  6.1 6.3 95 0.62 0.12 [0.039]  37/37 37/37 
2004  2.9 2.6 43 0.85  37/37 37/37 
2005  5.0 5.7 42 1.2 0.14 [0.034]  37/37 37/37 
2005  1.7 1.5 9.9 0.76  37/37 37/37 
2006  5.0 4.7 49 1.7 0.10 [0.03]  37/37 37/37 
2006  1.9 1.7 9.5 0.52  37/37 37/37 
2007  6.4 6.1 120 0.54 0.04 [0.02]  36/36 36/36 
2007  2.1 1.9 39 0.73  36/36 36/36 
2008  4.8 4.4 96 0.98 0.04 [0.02]  37/37 37/37 
2008  2.2 2.0 22 0.89  37/37 37/37 
2009  4.9 4.8 130 0.87 0.08 [0.03]  37/37 37/37 
2009  2.1 1.9 100 0.60  37/37 37/37 
2010  4.9 4.1 200 tr(0.41) 0.62 [0.21]  37/37 37/37 
2010  2.2 1.8 28 tr(0.47)  37/37 37/37 
2013  4.1 4.3 37 0.2 0.10 [0.03]  36/36 36/36 
2013  1.6 1.5 11 0.6  36/36 36/36 
2015  2.4 2.6 34 0.31 0.12 [0.04]  35/35 35/35 
2018  2.6 2.5 49 0.31 0.03 [0.01]  37/37 37/37 

p,p'-DDD   
    [ ] 

   
  

 
(pg/m3) 

2002 0.12 0.13 0.76 nd 0.018 [0.006]  101/102 34/34 
2003  0.30 0.35 1.4 0.063 0.054 [0.018]  35/35 35/35 
2003  0.13 0.14 0.52 tr(0.037)  34/34 34/34 
2004  0.24 0.27 1.4 tr(0.036) 0.053 [0.018]  37/37 37/37 
2004  0.12 0.12 0.91 tr(0.025)  37/37 37/37 
2005  0.24 0.26 1.3 tr(0.07) 0.16 [0.05]  37/37 37/37 
2005  tr(0.06) tr(0.07) 0.29 nd  28/37 28/37 
2006  0.28 0.32 1.3 nd 0.13 [0.04]  36/37 36/37 
2006  0.14 tr(0.12) 0.99 nd  36/37 36/37 
2007  0.26 0.27 1.4 0.046 0.011 [0.004]  36/36 36/36 
2007  0.093 0.087 0.5 0.026  36/36 36/36 
2008  0.17 0.17 1.1 0.037 0.025 [0.009]  37/37 37/37 
2008  0.091 0.081 0.31 0.036  37/37 37/37 
2009  0.17 0.18 0.82 0.03 0.03 [0.01]  37/37 37/37 
2009  0.08 0.08 0.35 tr(0.02)  37/37 37/37 
2010  0.20 0.17 1.7 0.04 0.02 [0.01]  37/37 37/37 
2010  0.10 0.09 0.41 0.02  37/37 37/37 
2013  0.16 0.18 0.80 0.027 0.018 [0.007]  36/36 36/36 
2013  0.056 0.054 0.14 tr(0.015)  36/36 36/36 
2015  nd nd tr(0.31) nd 0.33 [0.11]  17/35 17/35 
2018  0.13 0.16 0.72 nd 0.07 [0.03]  36/37 36/37 

2011 2012 2014 2016 2017  
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o,p'-DDT o,p'-DDE o,p'-DDD  

 

2002 2014 o,p'-DDT o,p'-DDE o,p'-DDD  
o,p'-DDT   

    [ ] 
   

  

 
(pg/L) 

2002 5.4 4.6 77 0.19 1.2 [0.4]  114/114 38/38 
2003 6 5 100 tr(1.5) 3 [0.7]  36/36 36/36 
2004 tr(4.5) 5 85 nd 5 [2]  29/38 29/38 
2005 3 3 39 nd 3 [1]  42/47 42/47 
2006 2.8 2.4 52 0.51 2.3 [0.8]  48/48 48/48 
2007 tr(2.1) tr(2.2) 86 nd 2.5 [0.8]  38/48 38/48 
2008 3.1 3.0 230 nd 1.4 [0.5]  44/48 44/48 
2009 2.4 2.4 100 0.43 0.16 [0.06]  49/49 49/49 
2010 1.5 tr(1.2) 700 nd 1.5 [0.5]  43/49 43/49 
2014 1.0 1.0 63 nd 0.4 [0.2]  42/48 42/48 

o,p'-DDE   
    [ ] 

   
  

 
(pg/L) 

2002 2.4 2.1 680 nd 0.9 [0.3]  113/114 38/38 
2003 2.2 2.0 170 tr(0.42) 0.8 [0.3]  36/36 36/36 
2004 3 2 170 tr(0.6) 2 [0.5]  38/38 38/38 
2005 2.5 2.1 410 0.4 1.2 [0.4]  47/47 47/47 
2006 tr(1.6) tr(1.4) 210 nd 2.6 [0.9]  28/48 28/48 
2007 tr(1.5) tr(1.1) 210 nd 2.3 [0.8]  29/48 29/48 
2008 1.5 1.8 260 nd 0.7 [0.3]  39/48 39/48 
2009 1.3 1.1 140 nd 0.22 [0.09]  47/49 47/49 
2010 0.97 0.65 180 tr(0.13) 0.24 [0.09]  49/49 49/49 
2014 0.6 0.6 560 nd 0.3 [0.1]  36/48 36/48 

o,p'-DDD   
    [ ] 

   
  

 
(pg/L) 

2002 5.6 6.0 110 nd 0.60 [0.20]  113/114 38/38 
2003 7.1 5.0 160 1.1 0.8 [0.3]  36/36 36/36 
2004 6 5 81 tr(0.7) 2 [0.5]  38/38 38/38 
2005 5.2 5.4 51 tr(0.5) 1.2 [0.4]  47/47 47/47 
2006 2.5 3.3 39 nd 0.8 [0.3]  40/48 40/48 
2007 4.6 3.9 41 tr(0.3) 0.8 [0.3]  48/48 48/48 
2008 6.7 7.2 170 nd 0.8 [0.3]  47/48 47/48 
2009 4.4 3.8 41 0.44 0.22 [0.09]  49/49 49/49 
2010 4.6 3.8 170 tr(0.5) 0.6 [0.2]  49/49 49/49 
2014 3.7 3.2 38 0.33 0.20 [0.08]  48/48 48/48 

1 2002  
2 2011 2013  

 

 

2002 2014 o,p'-DDT o,p'-DDE o,p'-DDD  
o,p'-DDT   

    [ ] 
   

  

 
(pg/g-dry) 

2002 76 47 27,000 nd 6 [2]  183/189 62/63 
2003 50 43 3,200 nd 0.8 [0.3]  185/186 62/62 
2004 69 50 17,000 tr(1.1) 2 [0.6]  189/189 63/63 
2005 58 46 160,000 0.8 0.8 [0.3]  189/189 63/63 
2006 57 52 18,000 tr(0.8) 1.2 [0.4]  192/192 64/64 
2007 38 31 27,000 nd 1.8 [0.6]  186/192 63/64 
2008 51 40 140,000 tr(0.7) 1.5 [0.6]  192/192 64/64 
2009 44 30 100,000 nd 1.2 [0.5]  190/192 64/64 
2010 40 33 13,000 1.4 1.1 [0.4]  64/64 64/64 
2014 26 24 2,400 nd 0.4 [0.2]  62/63 62/63 

o,p'-DDE   
    [ ] 

   
  

 
(pg/g-dry) 

2002 54 37 16,000 nd 3 [1]  188/189 63/63 
2003 48 39 24,000 tr(0.5) 0.6 [0.2]  186/186 62/62 
2004 40 34 28,000 nd 3 [0.8]  184/189 63/63 
2005 40 32 31,000 nd 2.6 [0.9]  181/189 62/63 
2006 42 40 27,000 tr(0.4) 1.1 [0.4]  192/192 64/64 
2007 37 41 25,000 nd 1.2 [0.4]  186/192 63/64 
2008 50 48 37,000 nd 1.4 [0.6]  186/192 63/64 
2009 37 31 33,000 nd 0.6 [0.2]  191/192 64/64 
2010 37 32 25,000 tr(0.7) 1.2 [0.5]  64/64 64/64 
2014 30 32 41,000 tr(0.5) 0.8 [0.3]  63/63 63/63 
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o,p'-DDD   
    [ ] 

   
  

 
(pg/g-dry) 

2002 160 150 14,000 nd 6 [2]  184/189 62/63 
2003 160 130 8,800 tr(1.0) 2 [0.5]  186/186 62/62 
2004 140 120 16,000 tr(0.7) 2 [0.5]  189/189 63/63 
2005 130 110 32,000 tr(0.8) 1.0 [0.3]  189/189 63/63 
2006 120 110 13,000 tr(0.3) 0.5 [0.2]  192/192 64/64 
2007 110 130 21,000 tr(0.5) 1.0 [0.4]  192/192 64/64 
2008 170 150 50,000 0.5 0.3 [0.1]  192/192 64/64 
2009 120 120 24,000 0.5 0.5 [0.2]  192/192 64/64 
2010 130 130 6,900 tr(0.8) 0.9 [0.4]  64/64 64/64 
2014 74 85 3,200 tr(0.7) 1.2 [0.5]  63/63 63/63 

1 2002 2009
 

2 2011 2013  
 

 

2002 2018 o,p'-DDT o,p'-DDE
o,p'-DDD  

o,p'-DDT   
    [ ] 

   
  

 
(pg/g-wet) 

2002 110 83 480 22 12 [4]  38/38 8/8 
2003 130 120 480 35 2.9 [0.97]  30/30 6/6 
2004 160 140 910 20 1.8 [0.61]  31/31 7/7 
2005 98 57 440 29 2.6 [0.86]  31/31 7/7 
2006 92 79 380 24 3 [1]  31/31 7/7 
2007 79 52 350 20 3 [1]  31/31 7/7 
2008 58 37 330 5 3 [1]  31/31 7/7 
2009 74 48 2,500 17 2.2 [0.8]  31/31 7/7 
2010 51 67 160 15 3 [1]  6/6 6/6 
2013 49 51 180 12 3 [1]  5/5 5/5 
2018 24 12 120 10 2.7 [0.9]  3/3 3/3 

 
(pg/g-wet) 

2002 130 130 2,300 tr(6) 12 [4]  70/70 14/14 
2003 85 120 520 2.9 2.9 [0.97]  70/70 14/14 
2004 160 140 1,800 3.7 1.8 [0.61]  70/70 14/14 
2005 100 110 1,500 5.8 2.6 [0.86]  80/80 16/16 
2006 100 110 700 6 3 [1]  80/80 16/16 
2007 69 90 430 3 3 [1]  80/80 16/16 
2008 72 92 720 3 3 [1]  85/85 17/17 
2009 61 73 470 2.4 2.2 [0.8]  90/90 18/18 
2010 58 71 550 5 3 [1]  18/18 18/18 
2013 58 76 310 4 3 [1]  19/19 19/19 
2018 34 34 1,500 tr(1.1) 2.7 [0.9]  18/18 18/18 

 
(pg/g-wet) 

2002 12 tr(10) 58 nd 12 [4]  8/10 2/2 
2003 24 16 66 8.3 2.9 [0.97]  10/10 2/2 
2004 8.5 13 43 tr(0.87) 1.8 [0.61]  10/10 2/2 
2005 11 14 24 3.4 2.6 [0.86]  10/10 2/2 
2006 14 10 120 3 3 [1]  10/10 2/2 
2007 9 9 26 tr(2) 3 [1]  10/10 2/2 
2008 4 6 16 nd 3 [1]  8/10 2/2 
2009 6.3 7.6 12 tr(1.4) 2.2 [0.8]  10/10 2/2 
2010 nd --- nd nd 3 [1]  0/2 0/2 

2013  nd --- tr(1) nd 3 [1]  1/2 1/2 
2018  tr(1.1) --- tr(2.5) nd 2.7 [0.9]  1/2 1/2 

o,p'-DDE   
    [ ] 

   
  

 
(pg/g-wet) 

2002 83 66 1,100 13 3.6 [1.2]  38/38 8/8 
2003 85 100 460 17 3.6 [1.2]  30/30 6/6 
2004 86 69 360 19 2.1 [0.69]  31/31 7/7 
2005 70 89 470 12 3.4 [1.1]  31/31 7/7 
2006 62 81 340 12 3 [1]  31/31 7/7 
2007 56 69 410 8.9 2.3 [0.9]  31/31 7/7 
2008 49 52 390 8 3 [1]  31/31 7/7 
2009 46 58 310 8 3 [1]  31/31 7/7 
2010 46 58 160 7.8 1.5 [0.6]  6/6 6/6 
2013 28 31 260 4 4 [1]  5/5 5/5 
2018 20 15 250 tr(2) 3 [1]  3/3 3/3 
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o,p'-DDE   
    [ ] 

   
  

 
(pg/g-wet) 

2002 91 50 13,000 3.6 3.6 [1.2]  70/70 14/14 
2003 51 54 2,500 nd 3.6 [1.2]  67/70 14/14 
2004 76 48 5,800 tr(0.89) 2.1 [0.69]  70/70 14/14 
2005 54 45 12,000 tr(1.4) 3.4 [1.1]  80/80 16/16 
2006 56 43 4,800 tr(1) 3 [1]  80/80 16/16 
2007 45 29 4,400 nd 2.3 [0.9]  79/80 16/16 
2008 50 37 13,000 tr(1) 3 [1]  85/85 17/17 
2009 46 33 4,300 tr(1) 3 [1]  90/90 18/18 
2010 47 37 2,800 tr(1.2) 1.5 [0.6]  18/18 18/18 
2013 51 40 3,000 tr(1) 4 [1]  19/19 19/19 
2018 32 27 2,000 nd 3 [1]  17/18 17/18 

 
(pg/g-wet) 

2002 28 26 49 20 3.6 [1.2]  10/10 2/2 
2003 tr(2.3) tr(2.0) 4.2 nd 3.6 [1.2]  9/10 2/2 
2004 tr(1.0) tr(1.1) 3.7 nd 2.1 [0.69]  5/10 1/2 
2005 tr(1.2) tr(1.9) tr(2.9) nd 3.4 [1.1]  7/10 2/2 
2006 tr(1) tr(2) 3 tr(1) 3 [1]  10/10 2/2 
2007 tr(1.0) tr(1.4) 2.8 nd 2.3 [0.9]  6/10 2/2 
2008 tr(1) nd 3 nd 3 [1]  5/10 1/2 
2009 nd tr(1) tr(2) nd 3 [1]  6/10 2/2 
2010 tr(1.1) --- 3.7 nd 1.5 [0.6]  1/2 1/2 

2013  nd --- tr(1) nd 4 [1]  1/2 1/2 
2018  tr(1) --- tr(1) tr(1) 3 [1]  2/2 2/2 

o,p'-DDD   
    [ ] 

   
  

 
(pg/g-wet) 

2002 120 190 2,900 tr(9) 12 [4]  38/38 8/8 
2003 200 220 1,900 6.5 6.0 [2.0]  30/30 6/6 
2004 220 130 2,800 6.0 5.7 [1.9]  31/31 7/7 
2005 170 280 1,800 10 3.3 [1.1]  31/31 7/7 
2006 150 200 1,000 7 4 [1]  31/31 7/7 
2007 150 200 1,200 6 3 [1]  31/31 7/7 
2008 130 140 1,100 5 4 [2]  31/31 7/7 
2009 95 51 1,000 5 3 [1]  31/31 7/7 
2010 57 50 400 5.8 0.6 [0.2]  6/6 6/6 
2013 100 74 1,800 7.8 1.8 [0.7]  5/5 5/5 
2018 46 27 720 4.9 2.4 [0.9]  3/3 3/3 

 
(pg/g-wet) 

2002 95 90 1,100 nd 12 [4]  66/70 14/14 
2003 75 96 920 nd 6.0 [2.0]  66/70 14/14 
2004 120 96 1,700 nd 5.7 [1.9]  68/70 14/14 
2005 83 81 1,400 nd 3.3 [1.1]  79/80 16/16 
2006 80 86 1,100 tr(1) 4 [1]  80/80 16/16 
2007 66 62 1,300 nd 3 [1]  78/80 16/16 
2008 65 74 1,000 nd 4 [2]  80/85 16/17 
2009 63 64 760 nd 3 [1]  87/90 18/18 
2010 75 99 700 2.6 0.6 [0.2]  18/18 18/18 
2013 70 85 940 nd 1.8 [0.7]  18/19 18/19 
2018 40 39 1,100 nd 2.4 [0.9]  17/18 17/18 

 
(pg/g-wet) 

2002 15 15 23 tr(8) 12 [4]  10/10 2/2 
2003 15 14 36 tr(5.0) 6.0 [2.0]  10/10 2/2 
2004 6.1 5.7 25 nd 5.7 [1.9]  9/10 2/2 
2005 7.3 7.5 9.7 4.7 3.3 [1.1]  10/10 2/2 
2006 8 8 19 5 4 [1]  10/10 2/2 
2007 7 7 10 5 3 [1]  10/10 2/2 
2008 4 tr(3) 14 tr(2) 4 [2]  10/10 2/2 
2009 6 5 13 3 3 [1]  10/10 2/2 
2010 6.3 --- 11 3.6 0.6 [0.2]  2/2 2/2 

2013  5.4 --- 12 2.4 1.8 [0.7]  2/2 2/2 
2018  6.1 --- 9.9 3.7 2.4 [0.9]  2/2 2/2 

1 2002 2009
 

2 2013 2010
 

3 2011 2012 2014 2017  
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2002 2018 o,p'-DDT o,p'-DDE o,p'-DDD  

o,p'-DDT   
    [ ] 

   
  

 
(pg/m3) 

2002 2.2 2.0 40 0.41 0.15 [0.05]  102/102 34/34 
2003  6.9 7.7 38 0.61 0.12 [0.040]  35/35 35/35 
2003  1.6 1.4 6.4 0.43  34/34 34/34 
2004  5.1 5.4 22 0.54 0.093 [0.031]  37/37 37/37 
2004  1.5 1.4 9.4 0.35  37/37 37/37 
2005  3.0 3.1 14 0.67 0.10 [0.034]  37/37 37/37 
2005  0.76 0.67 3.0 0.32  37/37 37/37 
2006  2.5 2.4 20 0.55 0.09 [0.03]  37/37 37/37 
2006  0.90  0.79 3.9 0.37  37/37 37/37 
2007  2.9 2.6 19 0.24 0.03 [0.01]  36/36 36/36 
2007  0.77 0.63 3.4 0.31  36/36 36/36 
2008  2.3 2.1 18 0.33 0.03 [0.01]  37/37 37/37 
2008  0.80 0.62 6.5 0.32  37/37 37/37 
2009  2.3 2.2 14 0.33 0.019 [0.008]  37/37 37/37 
2009  0.80 0.71 3.7 0.20  37/37 37/37 
2010  2.2 1.9 26 0.19 0.14 [0.05]  37/37 37/37 
2010  0.81 0.69 5.5 0.22  37/37 37/37 
2013  1.7 1.7 12 0.15 0.054 [0.018]  36/36 36/36 
2013  0.47 0.44 2.4 0.20  36/36 36/36 
2015  0.99 1.2 6.8 0.14 0.12 [0.04]  35/35 35/35 
2018  1.0 1.1 6.3 0.08 0.03 [0.01]  37/37 37/37 

o,p'-DDE   
    [ ] 

   
  

 
(pg/m3) 

2002 0.60 0.56 8.5 0.11 0.03 [0.01]  102/102 34/34 
2003  1.4 1.5 7.5 0.17 0.020 [0.0068]  35/35 35/35 
2003  0.50 0.47 1.7 0.18  34/34 34/34 
2004  1.1 1.2 8.9 0.14 0.037 [0.012]  37/37 37/37 
2004  0.53 0.49 3.9 0.14  37/37 37/37 
2005  1.6 1.5 7.9 0.33 0.074 [0.024]  37/37 37/37 
2005  0.62 0.59 2.0 0.24  37/37 37/37 
2006  1.1 1.1 7.4 nd 0.09 [0.03]  36/37 36/37 
2006  0.65 0.56 2.6 0.19  37/37 37/37 
2007  0.66 0.67 7 0.096 0.017 [0.007]  36/36 36/36 
2007  0.3 0.29 3.7 0.12  36/36 36/36 
2008  0.48 0.52 5.0 0.11 0.025 [0.009]  37/37 37/37 
2008  0.30 0.24 1.1 0.15  37/37 37/37 
2009  0.51 0.46 6.7 0.098 0.016 [0.006]  37/37 37/37 
2009  0.27 0.24 23 0.072  37/37 37/37 
2010  0.49 0.41 9.0 0.09 0.04 [0.01]  37/37 37/37 
2010  0.27 0.23 2.3 0.08  37/37 37/37 
2013  0.38 0.35 3.3 0.051 0.023 [0.009]  36/36 36/36 
2013  0.21 0.19 0.65 0.097  36/36 36/36 
2015  0.25 0.24 1.1 nd 0.18 [0.06]  34/35 34/35 
2018  0.24 0.26 1.2 tr(0.04) 0.05 [0.02]  37/37 37/37 

o,p'-DDD   
    [ ] 

   
  

 
(pg/m3) 

2002 0.14 0.18 0.85 nd 0.021 [0.007]  97/102 33/34 
2003  0.37 0.42 1.3 0.059 0.042 [0.014]  35/35 35/35 
2003  0.15 0.14 0.42 0.062  34/34 34/34 
2004  0.31 0.33 2.6 tr(0.052) 0.14 [0.048]  37/37 37/37 
2004  0.14 tr(0.13) 0.86 nd  35/37 35/37 
2005  0.22 0.19 0.90 tr(0.07) 0.10 [0.03]  37/37 37/37 
2005  tr(0.07) tr(0.07) 0.21 nd  35/37 35/37 
2006  0.28 0.28 1.4 tr(0.05) 0.10 [0.03]  37/37 37/37 
2006  0.12 0.11 0.79 nd  34/37 34/37 
2007  0.28 0.29 1.9 0.05 0.05 [0.02]  36/36 36/36 
2007  0.095 0.09 0.33 tr(0.03)  36/36 36/36 
2008  0.19 0.16 1.6 0.05 0.04 [0.01]  37/37 37/37 
2008  0.10 0.09 0.26 0.04  37/37 37/37 
2009  0.20 0.19 0.90 0.04 0.03 [0.01]  37/37 37/37 
2009  0.08 0.08 0.28 tr(0.02)  37/37 37/37 
2010  0.21 0.19 1.8 0.04 0.03 [0.01]  37/37 37/37 
2010  0.10 0.09 0.48 tr(0.02)  37/37 37/37 
2013  0.17 0.18 1.2 tr(0.03) 0.05 [0.02]  36/36 36/36 
2013  0.06 0.06 0.17 nd  35/36 35/36 
2015  tr(0.09) tr(0.10) 0.37 nd 0.20 [0.07]  25/35 25/35 
2018  0.10 0.11 0.38 nd 0.07 [0.03]  36/37 36/37 

2011 2012 2014 2016 2017   
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1 2002  
2 2011 2013 2015 2019  

3-6-1-1 p,p'-DDT  

 

 

 
1 2002 2009

 
2 2011 2013 2015 2019  

3-6-1-2 p,p'-DDT   

0

4

8

12

16

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[6-1] p,p'-DDT

[ ] (pg/L)
2002 0.6 [0.2]
2003 3 [0.9]
2004 6 [2]
2005 4 [1]
2006 1.9 [0.6]
2007 1.7 [0.6]
2008 1.2 [0.5]
2009 0.15 [0.06]
2010 2.4 [0.8]
2014 0.4 [0.1]
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(p
g/

g-
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y)

[6-1] p,p'-DDT

[ ] (pg/g-dry)
2002 6 [2]
2003 2 [0.4]
2004 2 [0.5]
2005 1.0 [0.34]
2006 1.4 [0.5]
2007 1.3 [0.5]
2008 1.2 [0.5]
2009 1.0 [0.4]
2010 2.8 [0.9]
2014 0.4 [0.2]
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1 2002 2009

 
2 2013 2010

 
3 2011 2012 2014 2017 2019  

3-6-1-3 p,p'-DDT  

 
 

 
2011 2012 2014 2016 2017 2019  

3-6-1-4 p,p'-DDT  
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w
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)

[6-1] p,p'-DDT

[ ] (pg/g-wet)
2002 4.2 [1.4]
2003 11 [3.5]
2004 3.2 [1.1]
2005 5.1 [1.7]
2006 6 [2]
2007 5 [2]
2008 5 [2]
2009 3 [1]
2010 3 [1]
2013 3.3[1.1]
2018 3[1]

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[6-1] p,p'-DDT

[ ] (pg/m3)
2002 0.24 [0.08]
2003 0.14 [0.046]
2004 0.22 [0.074]
2005 0.16 [0.054]
2006 0.17 [0.06]
2007 0.07 [0.03]
2008 0.07 [0.03]
2009 0.07 [0.03]
2010 0.10 [0.03]
2013 0.11 [0.04]
2015 0.15 [0.05]
2018 0.03 [0.01]
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1 2002  
2 2011 2013 2015 2019  

3-6-2-1 p,p'-DDE  

 

 

 
1 2002 2009

 
2 2011 2013 2015 2019  

3-6-2-2 p,p'-DDE   
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[6-2] p,p'-DDE

[ ] (pg/L)
2002 0.6 [0.2]
2003 4 [2]
2004 8 [3]
2005 6 [2]
2006 7 [2]
2007 4 [2]
2008 1.1 [0.4]
2009 1.1 [0.4]
2010 2.3 [0.8]
2014 0.5 [0.2]

0
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
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y)

[6-2] p,p'-DDE

[ ] (pg/g-dry)
2002 2.7 [0.9]
2003 0.9 [0.3]
2004 3 [0.8]
2005 2.7 [0.94]
2006 1.0 [0.3]
2007 1.1 [0.4]
2008 1.7 [0.7]
2009 0.8 [0.3]
2010 5 [2]
2014 1.8 [0.6]
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1 2002 2009

 
2 2013 2010

 
3 2011 2012 2014 2017 2019  

3-6-2-3 p,p'-DDE  

 

 

 
2011 2012 2014 2016 2017 2019  

3-6-2-4 p,p'-DDE   

0
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1,000
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2,000

2,500

3,000

3,500

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[6-2] p,p'-DDE

[ ] (pg/g-wet)
2002 2.4 [0.8]
2003 5.7 [1.9]
2004 8.2 [2.7]
2005 8.5 [2.8]
2006 1.9 [0.7]
2007 3 [1]
2008 3 [1]
2009 4 [1]
2010 3 [1]
2013 4.3 [1.4]
2018 3[1]

0

2

4

6

8

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[6-2] p,p'-DDE

[ ] (pg/m3)
2002 0.09 [0.03]
2003 0.40 [0.13]
2004 0.12 [0.039]
2005 0.14 [0.034]
2006 0.10 [0.03]
2007 0.04 [0.02]
2008 0.04 [0.02]
2009 0.08 [0.03]
2010 0.62 [0.21]
2013 0.10 [0.03]
2015 0.12 [0.04]
2018 0.03 [0.01]
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1 2002  
2 2011 2013 2015 2019  

3-6-3-1 p,p'-DDD  

 

 

 
1 2002 2009

 
2 2011 2013 2015 2019  

3-6-3-2 p,p'-DDD   
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[6-3] p,p'-DDD

[ ] (pg/L)
2002 0.24 [0.08]
2003 2 [0.5]
2004 3 [0.8]
2005 1.9 [0.64]
2006 1.6 [0.5]
2007 1.7 [0.6]
2008 0.6 [0.2]
2009 0.4 [0.2]
2010 0.20 [0.08]
2014 1.0 [0.4]
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(p
g/

g-
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y)

[6-3] p,p'-DDD

[ ] (pg/g-dry)
2002 2.4 [0.8]
2003 0.9 [0.3]
2004 2 [0.7]
2005 1.7 [0.64]
2006 0.7 [0.2]
2007 1.0 [0.4]
2008 1.0 [0.4]
2009 0.4 [0.2]
2010 1.4 [0.5]
2014 4.2 [1.4]
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1 2002 2009

 
2 2013 2010

 
3 2011 2012 2014 2017 2019  

3-6-3-3 p,p'-DDD  

 
 

 
1 2011 2012 2014 2016 2017 2019  
2 2015 1/2  

3-6-3-4 p,p'-DDD   
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)

[6-3] p,p'-DDD

[ ] (pg/g-wet)
14 5.4 [1.8]
15 9.9 [3.3]
16 2.2 [0.70]
17 2.9 [0.97]
18 2.4 [0.9]
19 3 [1]
20 3 [1]
21 2.4 [0.9]
22 1.3 [0.5]
25 1.9[0.7]
30 1.4[0.6]
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[6-3] p,p'-DDD

[ ] (pg/m3)
2002 0.018 [0.006]
2003 0.054 [0.018]
2004 0.053 [0.018] 
2005 0.16 [0.05]
2006 0.13 [0.04]
2007 0.011 [0.004]
2008 0.025 [0.009]
2009 0.03 [0.01]
2010 0.02 [0.01]
2013 0.018 [0.007]
2015 0.33 [0.11]
2018 0.07 [0.03]
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1 2002  
2 2011 2013 2015 2019  

3-6-4-1 o,p'-DDT  

 

 

 
1 2002 2009

 
2 2011 2013 2015 2019  

3-6-4-2 o,p'-DDT   
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[6-4] o,p'-DDT

[ ] (pg/L)
2002 1.2 [0.4]
2003 3 [0.7]
2004 5 [2]
2005 3 [1]
2006 2.3 [0.8]
2007 2.5 [0.8]
2008 1.4 [0.5]
2009 0.16 [0.06]
2010 1.5 [0.5]
2014 0.4 [0.2]

0

20

40

60

80

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[6-4] o,p'-DDT

[ ] (pg/g-dry)
2002 6 [2]
2003 0.8 [0.3]
2004 2 [0.6]
2005 0.8 [0.3]
2006 1.2 [0.4]
2007 1.8 [0.6]
2008 1.5 [0.6]
2009 1.2 [0.5]
2010 1.1 [0.4]
2014 0.4 [0.2]
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1 2002 2009

 
2 2013 2010

 
3 2011 2012 2014 2017 2019  

3-6-4-3 o,p'-DDT  

 

 

 
2011 2012 2014 2016 2017  

3-6-4-4 o,p'-DDT   
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[6-4] o,p'-DDT

[ ] (pg/g-wet)
2002 12 [4]
2003 2.9 [0.97]
2004 1.8 [0.61]
2005 2.6 [0.86]
2006 3 [1]
2007 3 [1]
2008 3 [1]
2009 2.2 [0.8]
2010 3 [1]
2013 3 [1]
2018 2.7[0.9]
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6
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
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3

[6-4] o,p'-DDT

[ ] (pg/m3)
2002 0.15 [0.05]
2003 0.12 [0.040]
2004 0.093 [0.031]
2005 0.10 [0.034]
2006 0.09 [0.03]
2007 0.03 [0.01]
2008 0.03 [0.01]
2009 0.019 [0.008]
2010 0.14 [0.05]
2013 0.054 [0.018]
2015 0.12 [0.04]
2018 0.03 [0.01]
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1 2002  
2 2011 2013 2015 2019  

3-6-5-1 o,p'-DDE  

 

 
1 o,p'-DDT 2001  
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[ ] (pg/L)
2002 0.9 [0.3]
2003 0.8 [0.3]
2004 2 [0.5]
2005 1.2 [0.4]
2006 2.6 [0.9]
2007 2.3 [0.8]
2008 0.7 [0.3]
2009 0.22 [0.09]
2010 0.24 [0.09]
2014 0.3 [0.1]
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[ ] (pg/g-dry)
2002 3 [1]
2003 0.6 [0.2]
2004 3 [0.8]
2005 2.6 [0.9]
2006 1.1 [0.4]
2007 1.2 [0.4]
2008 1.4 [0.6]
2009 0.6 [0.2]
2010 1.2 [0.5]
2014 0.8 [0.3]
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1 2002 2009

 
2 2013 2010
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3-6-5-3 o,p'-DDE  
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3-6-5-4 o,p'-DDE   
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[6-5] o,p'-DDE

[ ] (pg/g-wet)
2002 3.6 [1.2]
2003 3.6 [1.2]
2004 2.1 [0.69]
2005 3.4 [1.1]
2006 3 [1]
2007 2.3 [0.9]
2008 3 [1]
2009 3 [1]
2010 1.5 [0.6]
2013 4 [1]
2018 3 [1]
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[6-5] o,p'-DDE

[ ] (pg/m3)
2002 0.03 [0.01]
2003 0.020 [0.0068]
2004 0.037 [0.012]
2005 0.074 [0.024]
2006 0.09 [0.03]
2007 0.017 [0.007]
2008 0.025 [0.009]
2009 0.016 [0.006]
2010 0.04 [0.01]
2013 0.023 [0.009]
2015 0.18 [0.06]
2018 0.05 [0.02]
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3-6-6-1 o,p'-DDD  
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2004 2 [0.5]
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2008 0.8 [0.3]
2009 0.22 [0.09]
2010 0.6 [0.2]
2014 0.20 [0.08]

0

50

100

150

200

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[6-6] o,p'-DDD

[ ] (pg/g-dry)
2002 6 [2]
2003 2 [0.5]
2004 2 [0.5]
2005 1.0 [0.3]
2006 0.5 [0.2]
2007 1.0 [0.4]
2008 0.3 [0.1]
2009 0.5 [0.2]
2010 0.9 [0.4]
2014 1.2 [0.5]
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1 2002 2009

 
2 2013 2010

 
3 2011 2012 2014 2017 2019  

3-6-6-3 o,p'-DDD  

 

 

 
2011 2012 2014 2016 2017 2019  

3-6-6-4 o,p'-DDD   

0

50

100

150

200

250

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[6-6] o,p'-DDD

[ ] (pg/g-wet)
2002 12 [4]
2003 6.0 [2.0]
2004 5.7 [1.9]
2005 3.3 [1.1]
2006 4 [1]
2007 3 [1]
2008 4 [2]
2009 3 [1]
2010 0.6 [0.2]
2013 1.8 [0.7]
2018 2.4 [0.9]

0

0.1

0.2

0.3

0.4

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[6-6] o,p'-DDD

[ ] (pg/m3)
2002 0.021 [0.007]
2003 0.042 [0.014]
2004 0.14 [0.048]
2005 0.10 [0.03]
2006 0.10 [0.03]
2007 0.05 [0.02]
2008 0.04 [0.01]
2009 0.03 [0.01]
2010 0.03 [0.01]
2013 0.05 [0.02]
2015 0.20 [0.07]
2018 0.07 [0.03]
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[7]  

 

1968

1986

9 POPs 2004

cis- trans-  

-

cis- trans-

cis- trans- 8

1983 1982 5

cis- trans- cis- trans-

 

2001 1983 2001

cis- trans- cis- trans- 1986

1998 1986 2001  

2002 cis- trans-

cis- trans- 2002 2013

2016 2017

 

2018 2019 2017

 

 

2017  

 
cis- trans-  
 

 

2002 2017 cis- trans-  
cis-    

    [ ] 
   

  

 
(pg/L) 

2002 42 32 880 2.5 0.9 [0.3]  114/114 38/38 
2003 69 51 920 12 3 [0.9]  36/36 36/36 
2004 92 87 1,900 10 6 [2]  38/38 38/38 
2005 53 54 510 6 4 [1]  47/47 47/47 
2006 31 26 440 5 5 [2]  48/48 48/48 
2007 23 22 680 nd 4 [2]  47/48 47/48 
2008 29 29 480 2.9 1.6 [0.6]  48/48 48/48 
2009 29 26 710 4.4 1.1 [0.4]  49/49 49/49 
2010 19 14 170 nd 11 [4]  47/49 47/49 
2011 20 16 500 3.8 1.4 [0.6]  49/49 49/49 
2012 43 37 350 10 1.6 [0.6]  48/48 48/48 
2013 18 16 260 2.9 2.7 [0.9]  48/48 48/48 
2017 19 19 210  2  2 [1] 47/47 47/47 
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trans-    
    [ ] 

   
  

 
(pg/L) 

2002 33 24 780 3.1 1.5 [0.5]  114/114 38/38 
2003 34 30 410 6 5 [2]  36/36 36/36 
2004 32 26 1,200 5 5 [2]  38/38 38/38 
2005 25 21 200 3 4 [1]  47/47 47/47 
2006 24 16 330 tr(4) 7 [2]  48/48 48/48 
2007 16 20 580 nd 2.4 [0.8]  47/48 47/48 
2008 23 22 420 3 3 [1]  48/48 48/48 
2009 23 18 690 3.0 0.8 [0.3]  49/49 49/49 
2010 15 tr(11) 310 nd 13 [4]  44/49 44/49 
2011 16 13 470 3.2 1.0 [0.4]  49/49 49/49 
2012 41 33 300 12 2.5 [0.8]  48/48 48/48 
2013 15 13 200 3 3 [1]  48/48 48/48 
2017 15 15 150  tr(2) 3 [1] 47/47 47/47 

1 2002  
2 2014 2016  

 

 

2002 2017 cis- trans-  
cis-    

    [ ] 
   

  

 
(pg/g-dry) 

2002 140 98 18,000 1.8 0.9 [0.3]  189/189 63/63 
2003 190 140 19,000 tr(3.6) 4 [2]  186/186 62/62 
2004 160 97 36,000 4 4 [2]  189/189 63/63 
2005 150 100 44,000 3.3 1.9 [0.64]  189/189 63/63 
2006 100 70 13,000 tr(0.9) 2.4 [0.8]  192/192 64/64 
2007 82 55 7,500 nd 5 [2]  191/192 64/64 
2008 100 63 11,000 tr(2.3) 2.4 [0.9]  192/192 64/64 
2009 84 61 8,600 2.0 0.7 [0.3]  192/192 64/64 
2010 82 62 7,200 tr(4) 6 [2]  64/64 64/64 
2011 70 58 4,500 1.7 1.1 [0.4]  64/64 64/64 
2012 69 61 11,000 tr(2.6) 2.9 [1.0]  63/63 63/63 
2013 65 55 5,400 tr(1.9) 2.0 [0.8]  63/63 63/63 
2017 47 36 2,800  nd 4.8 [1.6]  61/62 61/62 

trans-    
    [ ] 

   
  

 
(pg/g-dry) 

2002 150 110 16,000 2.1 1.8 [0.6]  189/189 63/63 
2003 130 100 13,000 tr(2.4) 4 [2]  186/186 62/62 
2004 110 80 26,000 3 3 [0.9]  189/189 63/63 
2005 110 81 32,000 3.4 2.3 [0.84]  189/189 63/63 
2006 110 76 12,000 2.2 1.1 [0.4]  192/192 64/64 
2007 82 58 7,500 nd 2.2 [0.8]  191/192 64/64 
2008 110 66 10,000 2.4 2.0 [0.8]  192/192 64/64 
2009 91 68 8,300 2.1 1.7 [0.7]  192/192 64/64 
2010 95 69 8,000 tr(4) 11 [4]  64/64 64/64 
2011 73 64 4,300 3.2 1.3 [0.5]  64/64 64/64 
2012 80 71 13,000 tr(2.9) 4.0 [1.3]  63/63 63/63 
2013 74 65 5,600 2.5 1.8 [0.7]  63/63 63/63 
2017 53 41 3,000  tr(1) 4 [1] 62/62 62/62 

1 2002 2009
 

2 2014 2016  
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2002 2016 cis- trans-
 

cis-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 730 1,200 26,000 24 2.4 [0.8]  38/38 8/8 
2003 1,100 1,400 14,000 110 3.9 [1.3]  30/30 6/6 
2004 1,300 1,600 14,000 91 18 [5.8]  31/31 7/7 
2005 1,000 960 13,000 78 12 [3.9]  31/31 7/7 
2006 970 1,100 18,000 67 4 [1]  31/31 7/7 
2007 870 590 19,000 59 5 [2]  31/31 7/7 
2008 750 560 11,000 85 5 [2]  31/31 7/7 
2009 1,200 1,100 16,000 83 4 [2]  31/31 7/7 
2010 1,600 2,300 15,000 67 4 [2]  6/6 6/6 
2011 790 880 3,400 160 3 [1]  4/4 4/4 
2012 710 500 3,500 180 5 [2]  5/5 5/5 
2013 410 410 2,000 75 13 [4]  5/5 5/5 
2016 220 260 500 80 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 610 550 6,900 57 2.4 [0.8]  70/70 14/14 
2003 510 400 4,400 43 3.9 [1.3]  70/70 14/14 
2004 620 490 9,800 68 18 [5.8]  70/70 14/14 
2005 520 600 8,000 42 12 [3.9]  80/80 16/16 
2006 520 420 4,900 56 4 [1]  80/80 16/16 
2007 430 360 5,200 30 5 [2]  80/80 16/16 
2008 430 340 3,500 36 5 [2]  85/85 17/17 
2009 430 450 3,200 41 4 [2]  90/90 18/18 
2010 450 630 3,400 51 4 [2]  18/18 18/18 
2011 580 660 3,800 79 3 [1]  18/18 18/18 
2012 580 550 3,100 98 5 [2]  19/19 19/19 
2013 540 450 5,700 65 13 [4]  19/19 19/19 
2016 340 440 2,200 67 3 [1]  19/19 19/19 

 
(pg/g-wet) 

2002 67 180 450 10 2.4 [0.8]  10/10 2/2 
2003 47 120 370 6.8 3.9 [1.3]  10/10 2/2 
2004 39 110 240 tr(5.8) 18 [5.8]  10/10 2/2 
2005 53 120 340 tr(5.8) 12 [3.9]  10/10 2/2 
2006 32 83 250 5 4 [1]  10/10 2/2 
2007 29 83 230 tr(4) 5 [2]  10/10 2/2 
2008 24 87 280 tr(3) 5 [2]  10/10 2/2 
2009 21 48 130 4 4 [2]  10/10 2/2 
2010 27 --- 180 4 4 [2]  2/2 2/2 
2011 --- --- 6 6 3 [1]  1/1 1/1 
2012 23 --- 110 5 5 [2]  2/2 2/2 

2013  37 --- 140 tr(10) 13 [4]  2/2 2/2 
2016  38 --- 110 13 3 [1]  2/2 2/2 

trans-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 390 840 2,300 33 2.4 [0.8]  38/38 8/8 
2003 550 840 2,800 69 7.2 [2.4]  30/30 6/6 
2004 560 770 2,800 53 48 [16]  31/31 7/7 
2005 470 660 2,400 40 10 [3.5]  31/31 7/7 
2006 470 580 2,800 41 4 [2]  31/31 7/7 
2007 440 460 1,500 34 6 [2]  31/31 7/7 
2008 360 410 1,300 52 7 [3]  31/31 7/7 
2009 540 560 16,000 48 4 [1]  31/31 7/7 
2010 520 640 5,500 31 3 [1]  6/6 6/6 
2011 490 470 2,900 150 4 [1]  4/4 4/4 
2012 390 310 1,300 140 7 [2]  5/5 5/5 
2013 280 230 1,700 58 16 [5.2]  5/5 5/5 
2016 120 99 330 56 6 [2]  3/3 3/3 
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trans-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 190 160 2,700 20 2.4 [0.8]  70/70 14/14 
2003 160 120 1,800 9.6 7.2 [2.4]  70/70 14/14 
2004 200 130 5,200 tr(17) 48 [16]  70/70 14/14 
2005 160 180 3,100 tr(9.8) 10 [3.5]  76/80 16/16 
2006 150 120 2,000 14 4 [2]  80/80 16/16 
2007 130 100 2,100 8 6 [2]  80/80 16/16 
2008 120 71 1,300 14 7 [3]  85/85 17/17 
2009 130 140 1,300 10 4 [1]  90/90 18/18 
2010 120 170 1,100 9 3 [1]  18/18 18/18 
2011 180 240 1,300 20 4 [1]  18/18 18/18 
2012 170 140 1,100 19 7 [2]  19/19 19/19 
2013 160 170 2,700 tr(14) 16 [5.2]  19/19 19/19 
2016 100 110 800 12 6 [2]  19/19 19/19 

 
(pg/g-wet) 

2002 14 14 26 8.9 2.4 [0.8]  10/10 2/2 
2003 11 12 27 tr(5.9) 7.2 [2.4]  10/10 2/2 
2004 nd nd tr(26) nd 48 [16]  5/10 1/2 
2005 11 12 30 tr(4.5) 10 [3.5]  10/10 2/2 
2006 7 8 17 tr(3) 4 [2]  10/10 2/2 
2007 7 8 19 tr(3) 6 [2]  10/10 2/2 
2008 tr(5) 9 27 nd 7 [3]  7/10 2/2 
2009 6 7 13 tr(3) 4 [1]  10/10 2/2 
2010 4 --- 10 tr(2) 3 [1]  2/2 2/2 
2011 --- --- 5 5 4 [1]  1/1 1/1 
2012 tr(6) --- 10 tr(4) 7 [2]  2/2 2/2 

2013  26 --- 68 tr(10) 16 [5.2]  2/2 2/2 
2016  18 --- 46 7 6 [2]  2/2 2/2 

1 2002 2009
 

2 2013 2012
 

3 2014 2015  
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2002 2016 cis- trans-  
cis-    

    [ ] 
   

  

 
(pg/m3) 

2002 31 40 670 0.86 0.60 [0.20]  102/102 34/34 
2003  110 120 1,600 6.4 0.51 [0.17]  35/35 35/35 
2003  30 38 220 2.5  34/34 34/34 
2004  92 160 1,000 2.3 0.57 [0.19]  37/37 37/37 
2004  29 49 290 1.2  37/37 37/37 
2005  92 120 1,000 3.4 

0.16 [0.054] 
 37/37 37/37 

2005  16 19 260 1.4  37/37 37/37 
2006  82 110 760 2.9 

0.13 [0.04] 
 37/37 37/37 

2006  19 19 280 2.0  37/37 37/37 
2007  90 120 1,100 3.3 0.10 [0.04]  36/36 36/36 
2007  17 20 230 1.4  36/36 36/36 
2008  75 120 790 1.9 0.14 [0.05]  37/37 37/37 
2008  21 34 200 1.5  37/37 37/37 
2009  67 110 790 2.7 

0.16 [0.06] 
 37/37 37/37 

2009  19 22 180 0.65  37/37 37/37 
2010  68 100 700 2.2 

0.9 [0.3] 
 37/37 37/37 

2010  20 27 130 tr(0.8)  37/37 37/37 
2011  66 95 700 1.5 1.3 [0.42]  35/35 35/35 
2011  20 31 240 tr(0.88)  37/37 37/37 
2012  61 98 650 2.9 1.5 [0.51]  36/36 36/36 
2012  10 14 74 nd  35/36 35/36 
2013  58 97 580 1.5 

0.7 [0.2] 
 36/36 36/36 

2013  11 15 86 tr(0.5)  36/36 36/36 
2016  53 86 810 0.9 0.9 [0.3]  37/37 37/37 

trans-    
    [ ] 

   
  

 
(pg/m3) 

2002 36 48 820 0.62 0.60 [0.20]  102/102 34/34 
2003  130 150 2,000 6.5 0.86 [0.29]  35/35 35/35 
2003  37 44 290 2.5  34/34 34/34 
2004  110 190 1,300 2.2 0.69 [0.23]  37/37 37/37 
2004  35 60 360 1.5  37/37 37/37 
2005  100 130 1,300 3.2 

0.34 [0.14] 
 37/37 37/37 

2005  19 23 310 1.9  37/37 37/37 
2006  96 140 1,200 3.4 

0.17 [0.06] 
 37/37 37/37 

2006  22 21 350 2.0  37/37 37/37 
2007  100 140 1,300 3.8 0.12 [0.05]  36/36 36/36 
2007  20 24 300 1.5  36/36 36/36 
2008  87 130 990 2.5 0.17 [0.06]  37/37 37/37 
2008  25 41 250 1.8  37/37 37/37 
2009  79 120 960 2.6 

0.12 [0.05] 
 37/37 37/37 

2009  23 30 210 0.68  37/37 37/37 
2010  79 120 820 2.0 

1.2 [0.4] 
 37/37 37/37 

2010  24 34 150 tr(1.0)  37/37 37/37 
2011  76 110 810 tr(1.4) 1.6 [0.53]  35/35 35/35 
2011  24 37 290 tr(0.70)  37/37 37/37 
2012  70 120 780 2.8 2.1 [0.7]  36/36 36/36 
2012  12 18 95 nd  35/36 35/36 
2013  64 120 690 1.7 

0.8 [0.3] 
 36/36 36/36 

2013  13 18 110 tr(0.4)  36/36 36/36 
2016  61 95 1,100 tr(0.7) 1.0 [0.3]  37/37 37/37 

2014 2015  
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cis- trans-  

 
 

2002 2017 cis- trans-
 

   
    [ ] 

   
  

 
(pg/L) 

2002 2.7 3.5 41 nd 1.2 [0.4]  96/114 35/38 
2003 3 2 39 tr(0.6) 2 [0.5]  36/36 36/36 
2004 3.2 2.9 47 tr(0.7) 2 [0.5]  38/38 38/38 
2005 2.6 2.1 19 nd 1.1 [0.4]  46/47 46/47 
2006 tr(2.5) tr(2.4) 18 nd 2.8 [0.9]  43/48 43/48 
2007 tr(2) nd 41 nd 6 [2]  25/48 25/48 
2008 1.9 1.9 14 nd 1.9 [0.7]  40/48 40/48 
2009 2.0 1.9 19 nd 1.1 [0.4]  45/49 45/49 
2010 1.5 1.3 45 nd 0.7 [0.3]  47/49 47/49 
2011 1.9 1.8 34 nd 1.3 [0.5]  44/49 44/49 
2012 2.2 2.3 17 nd 0.9 [0.4]  44/48 44/48 
2013 1.8 1.8 12 nd 0.9 [0.4]  41/48 41/48 
2017 nd nd 12  nd 4 [2] 19/47 19/47 

cis-    
    [ ] 

   
  

 
(pg/L) 

2002 7.9 6.7 250 0.23 1.8 [0.6]  114/114 38/38 
2003 8.0 7.0 130 1.3 0.3 [0.1]  36/36 36/36 
2004 7.5 6.3 340 0.8 0.6 [0.2]  38/38 38/38 
2005 6.0 5.9 43 0.9 0.5 [0.2]  47/47 47/47 
2006 6.6 5.6 83 1.0  0.8 [0.3]  48/48 48/48 
2007 5.9 6.1 210 nd 2.4 [0.8]  43/48 43/48 
2008 6.5 5.9 130 0.9 0.9 [0.3]  48/48 48/48 
2009 7.1 5.5 210 1.4 0.3 [0.1]  49/49 49/49 
2010 5.4 3.9 40 tr(0.9) 1.3 [0.4]  49/49 49/49 
2011 5.0 4.3 130 0.8 0.6 [0.2]  49/49 49/49 
2012 6.4 5.9 58 1.1 0.8 [0.3]  48/48 48/48 
2013 5.1 4.6 74 tr(0.7) 0.8 [0.3]  48/48 48/48 
2017 4.6 4.6 36  tr(0.6) 1.5 [0.6] 47/47 47/47 

trans-    
    [ ] 

   
  

 
(pg/L) 

2002 30 24 780 1.8 1.2 [0.4]  114/114 38/38 
2003 26 20 450 4 2 [0.5]  36/36 36/36 
2004 25 19 1,100 tr(3) 4 [2]  38/38 38/38 
2005 20 17 150 2.6 2.5 [0.84]  47/47 47/47 
2006 21 16 310 3.2 3.0 [1.0]  48/48 48/48 
2007 17 17 540 tr(2) 5 [2]  48/48 48/48 
2008 18 17 340 1.9 1.6 [0.6]  48/48 48/48 
2009 20 17 530 2.7 1.0 [0.4]  49/49 49/49 
2010 12 11 93 nd 8 [3]  45/49 45/49 
2011 15 12 480 2.6 1.3 [0.5]  49/49 49/49 
2012 30 26 210 7.9 1.5 [0.6]  48/48 48/48 
2013 14 11 170 2.3 1.5 [0.6]  48/48 48/48 
2017 13 14 120  tr(2) 3 [1] 47/47 47/47 

1 2002  
2 2014 2016  
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2002 2017 cis- trans-
 

   
    [ ] 

   
  

 
(pg/g-dry) 

2002 2.7 1.7 120 nd 1.5 [0.5]  153/189 59/63 
2003 2 2 85 nd 1 [0.4]  158/186 57/62 
2004 tr(2.1) tr(1.3) 140 nd 3 [0.8]  129/189 54/63 
2005 2.3 tr(1.9) 160 nd 2.0 [0.7]  133/189 51/63 
2006 tr(2.5) tr(1.7) 280 nd 2.9 [1.0]  141/192 54/64 
2007 tr(2.1) tr(1.5) 76 nd 2.5 [0.9]  117/192 46/64 
2008 tr(2) tr(1) 340 nd 3 [1]  110/192 48/64 
2009 2 tr(1) 150 nd 2 [1]  97/192 45/64 
2010 1.7 1.2 60 nd 1.0 [0.4]  56/64 56/64 
2011 tr(1.6) tr(1.2) 83 nd 2.2 [0.9]  36/64 36/64 
2012 tr(1.4) tr(1.0) 75 nd 1.7 [0.7]  38/63 38/63 
2013 1.5 1.3 54 nd 1.3 [0.5]  50/63 50/63 
2017 tr(1) tr(1) 78  nd 3 [1] 41/62 41/62 

cis-    
    [ ] 

   
  

 
(pg/g-dry) 

2002 76 66 7,800 nd 2.1 [0.7]  188/189 63/63 
2003 66 50 6,500 nd 3 [0.9]  184/186 62/62 
2004 53 34 9,400 tr(0.8) 2 [0.6]  189/189 63/63 
2005 56 42 9,900 tr(1.1) 1.9 [0.64]  189/189 63/63 
2006 58 48 5,800 tr(0.6) 1.2 [0.4]  192/192 64/64 
2007 48 35 4,200 nd 1.6 [0.6]  191/192 64/64 
2008 57 42 5,100 1.1 0.6 [0.2]  192/192 64/64 
2009 53 38 4,700 1.4 1.0 [0.4]  192/192 64/64 
2010 53 45 3,600 2.3 0.9 [0.3]  64/64 64/64 
2011 41 38 2,900 nd 1.1 [0.4]  63/64 63/64 
2012 44 35 4,900 tr(1) 3 [1]  63/63 63/63 
2013 41 31 3,100 tr(0.6) 0.7 [0.3]  63/63 63/63 
2017 31 25 1,500  nd 1.7 [0.7]  61/62 61/62 

trans-    
    [ ] 

   
  

 
(pg/g-dry) 

2002 130 83 13,000 3.1 1.5 [0.5]  189/189 63/63 
2003 110 78 11,000 2 2 [0.6]  186/186 62/62 
2004 94 63 23,000 3 2 [0.6]  189/189 63/63 
2005 99 72 24,000 2.4 1.5 [0.54]  189/189 63/63 
2006 100 65 10,000 3.4 1.2 [0.4]  192/192 64/64 
2007 78 55 8,400 tr(1.6) 1.7 [0.6]  192/192 64/64 
2008 91 53 8,400 tr(1.6) 2.2 [0.8]  192/192 64/64 
2009 85 58 7,800 2.0 0.9 [0.3]  192/192 64/64 
2010 80 65 6,200 tr(3) 6 [2]  64/64 64/64 
2011 68 52 4,500 1.7 0.8 [0.3]  64/64 64/64 
2012 69 62 10,000 2.5 2.4 [0.8]  63/63 63/63 
2013 67 54 4,700 2.2 1.2 [0.4]  63/63 63/63 
2017 47 39 2,600  nd 6 [2] 61/62 61/62 

1 2002 2009
 

2 2014 2016  
 

  



 

 288  

 

2002 2016 cis-
trans-  

   
    [ ] 

   
  

 
(pg/g-wet) 

2002 71 83 5,600 nd 3.6 [1.2]  37/38 8/8 
2003 93 62 1,900 11 8.4 [2.8]  30/30 6/6 
2004 110 100 1,700 14 9.2 [3.1]  31/31 7/7 
2005 99 79 1,400 12 9.3 [3.1]  31/31 7/7 
2006 91 90 2,400 7 7 [3]  31/31 7/7 
2007 70 43 2,200 8 6 [2]  31/31 7/7 
2008 64 55 1,100 7 7 [2]  31/31 7/7 
2009 100 89 820 10 4 [1]  31/31 7/7 
2010 240 390 3,300 11 8 [3]  6/6 6/6 
2011 68 100 260 8 3 [1]  4/4 4/4 
2012 66 80 450 12 3 [1]  5/5 5/5 
2013 42 44 210 8 3 [1]  5/5 5/5 
2016 27 40 43 11 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 170 140 3,900 16 3.6 [1.2]  70/70 14/14 
2003 150 160 820 30 8.4 [2.8]  70/70 14/14 
2004 160 140 1,500 25 9.2 [3.1]  70/70 14/14 
2005 150 150 1,900 20 9.3 [3.1]  80/80 16/16 
2006 150 120 3,000 28 7 [3]  80/80 16/16 
2007 120 100 1,900 17 6 [2]  80/80 16/16 
2008 130 130 2,200 15 7 [2]  85/85 17/17 
2009 120 99 2,400 23 4 [1]  90/90 18/18 
2010 120 140 1,000 33 8 [3]  18/18 18/18 
2011 140 130 2,300 33 3 [1]  18/18 18/18 
2012 140 180 390 28 3 [1]  19/19 19/19 
2013 130 130 560 31 3 [1]  19/19 19/19 
2016 96 80 950 31 3 [1]  19/19 19/19 

 
(pg/g-wet) 

2002 640 630 890 470 3.6 [1.2]  10/10 2/2 
2003 760 700 1,300 610 8.4 [2.8]  10/10 2/2 
2004 460 450 730 320 9.2 [3.1]  10/10 2/2 
2005 610 660 860 390 9.3 [3.1]  10/10 2/2 
2006 510 560 720 270 7 [3]  10/10 2/2 
2007 440 400 740 290 6 [2]  10/10 2/2 
2008 560 530 960 290 7 [2]  10/10 2/2 
2009 300 290 540 190 4 [1]  10/10 2/2 
2010 400 --- 510 320 8 [3]  2/2 2/2 
2011 --- --- 590 590 3 [1]  1/1 1/1 
2012 250 --- 360 170 3 [1]  2/2 2/2 

2013  2,500 --- 3,400 1,900 3 [1]  2/2 2/2 
2016  580 --- 1,400 240 3 [1]  2/2 2/2 

cis-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 170 300 870 8.6 1.2 [0.4]  38/38 8/8 
2003 290 260 1,800 48 4.8 [1.6]  30/30 6/6 
2004 320 380 1,800 43 3.4 [1.1]  31/31 7/7 
2005 270 220 1,300 27 4.5 [1.5]  31/31 7/7 
2006 270 180 1,500 31 3 [1]  31/31 7/7 
2007 250 250 1,000 26 3 [1]  31/31 7/7 
2008 210 210 780 33 4 [1]  31/31 7/7 
2009 300 310 10,000 31 3 [1]  31/31 7/7 
2010 280 310 1,300 35 3 [1]  6/6 6/6 
2011 250 280 1,300 77 1.8 [0.7]  4/4 4/4 
2012 200 190 670 52 2 [1]  5/5 5/5 
2013 150 140 900 38 2.2 [0.7]  5/5 5/5 
2016 72 46 220 37 1.4 [0.6]  3/3 3/3 

 
(pg/g-wet) 

2002 460 420 5,100 46 1.2 [0.4]  70/70 14/14 
2003 360 360 2,600 19 4.8 [1.6]  70/70 14/14 
2004 430 310 10,000 48 3.4 [1.1]  70/70 14/14 
2005 380 360 6,200 27 4.5 [1.5]  80/80 16/16 
2006 370 330 3,300 33 3 [1]  80/80 16/16 
2007 320 280 3,700 16 3 [1]  80/80 16/16 
2008 350 300 3,200 46 4 [1]  85/85 17/17 
2009 340 340 2,600 27 3 [1]  90/90 18/18 
2010 320 370 2,200 23 3 [1]  18/18 18/18 
2011 440 450 2,900 45 1.8 [0.7]  18/18 18/18 
2012 420 450 2,200 33 2 [1]  19/19 19/19 
2013 430 420 3,000 34 2.2 [0.7]  19/19 19/19 
2016 300 170 1,900 53 1.4 [0.6]  19/19 19/19      
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cis-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 200 240 450 68 1.2 [0.4]  10/10 2/2 
2003 200 260 660 68 4.8 [1.6]  10/10 2/2 
2004 140 150 240 73 3.4 [1.1]  10/10 2/2 
2005 160 180 370 86 4.5 [1.5]  10/10 2/2 
2006 120 130 270 60 3 [1]  10/10 2/2 
2007 130 140 300 42 3 [1]  10/10 2/2 
2008 140 150 410 37 4 [1]  10/10 2/2 
2009 81 85 160 44 3 [1]  10/10 2/2 
2010 100 --- 190 57 3 [1]  2/2 2/2 
2011 --- --- 76 76 1.8 [0.7]  1/1 1/1 
2012 75 --- 100 56 2 [1]  2/2 2/2 

2013  270 --- 970 74 2.2 [0.7]  2/2 2/2 
2016  240 --- 770 74 1.4 [0.6]  2/2 2/2 

trans-    
    [ ] 

   
  

 
(pg/g-wet) 

2002 450 1,100 1,800 21 2.4 [0.8]  38/38 8/8 
2003 800 700 3,800 140 3.6 [1.2]  30/30 6/6 
2004 780 870 3,400 110 13 [4.2]  31/31 7/7 
2005 700 650 3,400 72 6.2 [2.1]  31/31 7/7 
2006 660 610 3,200 85 3 [1]  31/31 7/7 
2007 640 610 2,400 71 7 [3]  31/31 7/7 
2008 510 510 2,000 94 6 [2]  31/31 7/7 
2009 780 680 33,000 79 3 [1]  31/31 7/7 
2010 790 870 6,000 84 4 [2]  6/6 6/6 
2011 640 680 3,000 200 3 [1]  4/4 4/4 
2012 530 400 1,800 190 4 [1]  5/5 5/5 
2013 380 370 2,000 98 10 [3.4]  5/5 5/5 
2016 200 150 520 97 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 1,000 900 8,300 98 2.4 [0.8]  70/70 14/14 
2003 920 840 5,800 85 3.6 [1.2]  70/70 14/14 
2004 1,100 760 21,000 140 13 [4.2]  70/70 14/14 
2005 970 750 13,000 80 6.2 [2.1]  80/80 16/16 
2006 940 680 6,900 120 3 [1]  80/80 16/16 
2007 800 680 7,900 71 7 [3]  80/80 16/16 
2008 860 750 6,900 87 6 [2]  85/85 17/17 
2009 810 720 7,400 68 3 [1]  90/90 18/18 
2010 800 1,000 4,700 110 4 [2]  18/18 18/18 
2011 1,100 1,000 5,000 190 3 [1]  18/18 18/18 
2012 1,100 1,300 4,200 140 4 [1]  19/19 19/19 
2013 1,100 1,100 7,800 150 10 [3.4]  19/19 19/19 
2016 690 410 3,400 170 3 [1]  19/19 19/19 

 
(pg/g-wet) 

2002 890 980 1,900 350 2.4 [0.8]  10/10 2/2 
2003 1,100 1,400 3,700 350 3.6 [1.2]  10/10 2/2 
2004 690 780 1,200 390 13 [4.2]  10/10 2/2 
2005 870 880 2,000 440 6.2 [2.1]  10/10 2/2 
2006 650 620 1,500 310 3 [1]  10/10 2/2 
2007 590 680 1,400 200 7 [3]  10/10 2/2 
2008 740 850 2,600 180 6 [2]  10/10 2/2 
2009 400 430 730 220 3 [1]  10/10 2/2 
2010 510 --- 880 290 4 [2]  2/2 2/2 
2011 --- --- 400 400 3 [1]  1/1 1/1 
2012 360 --- 480 270 4 [1]  2/2 2/2 

2013  55 --- 170 18 10 [3.4]  2/2 2/2 
2016  60 --- 130 28 3 [1]  2/2 2/2 

1 2002 2009
 

2 2013 2012
 

3 2014 2015  
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2002 2016 cis- trans-
 

   
    [ ] 

   
  

 
(pg/m3) 

2002 0.96 0.98 8.3 nd 0.024 [0.008]  101/102 34/34 
2003  2.5 2.7 12 0.41 

0.045 [0.015] 
 35/35 35/35 

2003  0.87 0.88 3.2 0.41  34/34 34/34 
2004  1.9 2.0 7.8 0.41 0.13 [0.042]  37/37 37/37 
2004  0.80 0.76 3.9 0.27  37/37 37/37 
2005  1.9 2.0 8.8 0.65 0.16 [0.054]  37/37 37/37 
2005  0.55 0.50 2.2 0.27  37/37 37/37 
2006  1.8 1.9 5.7 0.47 

0.23 [0.08] 
 37/37 37/37 

2006  0.54 0.56 5.1 tr(0.13)  37/37 37/37 
2007  1.9 1.8 8.6 0.56 

0.05 [0.02] 
 36/36 36/36 

2007  0.61 0.63 2.4 0.26  36/36 36/36 
2008  1.7 1.7 7.1 0.50 0.04 [0.01]  37/37 37/37 
2008  0.61 0.63 1.8 0.27  37/37 37/37 
2009  1.7 1.8 6.5 0.38 0.04 [0.02]  37/37 37/37 
2009  0.65 0.61 2.7 0.24  37/37 37/37 
2010  1.5 1.5 6.2 0.44 

0.03 [0.01] 
 37/37 37/37 

2010  0.56 0.55 2.3 0.26  37/37 37/37 
2011  1.5 1.5 5.2 0.28 0.07 [0.03]  35/35 35/35 
2011  0.61 0.57 2.6 0.21  37/37 37/37 
2012  1.4 1.6 6.7 0.34 0.08 [0.03]  36/36 36/36 
2012  0.41 0.38 1.0 0.22  36/36 36/36 
2013  1.4 1.5 4.7 0.36 

0.03 [0.01] 
 36/36 36/36 

2013  0.43 0.41 1.0 0.20  36/36 36/36 
2016  1.4 1.4 8.9 0.19 0.16 [0.06]  37/37 37/37 

cis-    
    [ ] 

   
  

 
(pg/m3) 

2002 3.1 4.0 62 0.071 0.030 [0.010]  102/102 34/34 
2003  12 15 220 0.81 

0.026 [0.0088] 
 35/35 35/35 

2003  2.7 3.5 23 0.18  34/34 34/34 
2004  10 15 130 0.36 0.072 [0.024]  37/37 37/37 
2004  2.7 4.4 28 0.087  37/37 37/37 
2005  10 14 160 0.30 0.08 [0.03]  37/37 37/37 
2005  1.6 1.6 34 0.08  37/37 37/37 
2006  11 12 170 0.28 

0.15 [0.05] 
 37/37 37/37 

2006  2.4 2.0 41 tr(0.14)  37/37 37/37 
2007  10 14 150 0.31 

0.03 [0.01] 
 36/36 36/36 

2007  1.6 1.7 22 0.09  36/36 36/36 
2008  7.9 12 87 0.18 0.03 [0.01]  37/37 37/37 
2008  2.0 2.7 19 0.16  37/37 37/37 
2009  7.5 10 110 0.33 0.04 [0.02]  37/37 37/37 
2009  1.9 2.1 18 0.07  37/37 37/37 
2010  7.5 10 68 0.23 

0.11 [0.04] 
 37/37 37/37 

2010  1.8 2.1 13 tr(0.06)  37/37 37/37 
2011  7.4 8.8 89 0.24 

0.15 [0.051] 
 35/35 35/35 

2011  1.9 2.9 28 nd  36/37 36/37 
2012  6.9 11 89 0.29 0.12 [0.05]  36/36 36/36 
2012  0.98 1.1 10 tr(0.05)  36/36 36/36 
2013  6.4 10 72 0.15 0.07 [0.02]  36/36 36/36 
2013  1.0 1.4 12 tr(0.06)  36/36 36/36 
2016  6.1 9.9 120 tr(0.13) 0.14 [0.05]  37/37 37/37 
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trans-    
    [ ] 

   
  

 
(pg/m3) 

2002 24 30 550 0.64 0.30 [0.10]  102/102 34/34 
2003  87 100 1,200 5.1 0.35 [0.12]  35/35 35/35 
2003  24 28 180 2.1  34/34 34/34 
2004  72 120 870 1.9 

0.48 [0.16] 
 37/37 37/37 

2004  23 39 240 0.95  37/37 37/37 
2005  75 95 870 3.1 0.13 [0.044]  37/37 37/37 
2005  13 16 210 1.2  37/37 37/37 
2006  68 91 800 3.0 0.10 [0.03]  37/37 37/37 
2006  16 15 240 1.4  37/37 37/37 
2007  72 96 940 2.5 

0.09 [0.03] 
 36/36 36/36 

2007  13 15 190 1.1  36/36 36/36 
2008  59 91 650 1.5 

0.09 [0.03] 
 37/37 37/37 

2008  17 25 170 1.3  37/37 37/37 
2009  54 81 630 2.2 0.07 [0.03]  37/37 37/37 
2009  16 19 140 0.75  37/37 37/37 
2010  52 78 520 1.7 0.8 [0.3]  37/37 37/37 
2010  15 17 89 tr(0.7)  37/37 37/37 
2011  53 72 550 1.2 

1.1 [0.35] 
 35/35 35/35 

2011  16 24 210 tr(0.70)  37/37 37/37 
2012  49 79 510 2.5 

1.2 [0.41] 
 36/36 36/36 

2012  8.1 10 61 tr(0.50)  36/36 36/36 
2013  46 78 470 1.2 0.5 [0.2]  36/36 36/36 
2013  8.5 12 75 0.5  36/36 36/36 
2016  42 69 650 0.8 0.7 [0.2]  37/37 37/37 

2014 2015  
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1 2002  
2 2014 2016 2018 2019  

3-7-1-1 cis-  

 

 

 
1 2002 2009

 
2 2014 2016 2018 2019  

3-7-1-2 cis-   

0

20

40

60

80

100

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[7-1] cis-

[ ] (pg/L)
2002 0.9 [0.3]
2003 3 [0.9]
2004 6 [2]
2005 4 [1]
2006 5 [2]
2007 4 [2]
2008 1.6 [0.6]
2009 1.1 [0.4]
2010 11 [4]
2011 1.4 [0.6]
2012 1.6 [0.6]
2013 2.7 [0.9]
2017 2 [1]
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50

100
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[7-1] cis-

[ ] (pg/g-dry)
2002 0.9 [0.3]
2003 4 [2]
2004 4 [2]
2005 1.9 [0.64]
2006 2.4 [0.8]
2007 5 [2]
2008 2.4 [0.9]
2009 0.7 [0.3]
2010 6 [2]
2011 1.1 [0.4]
2012 2.9 [1.0]
2013 2.0[0.8]
2017 4.8[1.6]
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1 2002 2009

 
2 2013 2012

 
3 2014 2015 2017 2019  

3-7-1-3 cis-  

 

 

 
2014 2015 2017 2019  

3-7-1-4 cis-   

0

500

1,000

1,500

2,000

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[7-1] cis-

[ ] (pg/g-wet)
2002 2.4 [0.8]
2003 3.9 [1.3]
2004 18 [5.8]
2005 12 [3.9]
2006 4 [1]
2007 5 [2]
2008 5 [2]
2009 4 [2]
2010 4 [2]
2011 3 [1] 
2012 5 [2] 
2013 13 [4]
2016 3 [1]
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20

40

60
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100

120

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[7-1] cis-

[ ] (pg/m3)
2002 0.60 [0.20]
2003 0.51 [0.17]
2004 0.57 [0.19]
2005 0.16 [0.054]
2006 0.13 [0.04]
2007 0.10 [0.04]
2008 0.14 [0.05]
2009 0.16 [0.06]
2010 0.9 [0.3]
2011 1.3 [0.42]
2012 1.5 [0.51]
2013 0.7 [0.2]
2015 0.9 [0.3]
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1 2002  
2 2014 2016 2018 2019  

3-7-2-1 trans-  

 

 

 
1 2002 2009

 
2 2014 2016 2018 2019  

3-7-2-2 trans-   

0
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[7-2] trans-

[ ] (pg/L)
2002 1.5 [0.5]
2003 5 [2]
2004 5 [2]
2005 4 [1]
2006 7 [2]
2007 2.4 [0.8]
2008 3 [1]
2009 0.8 [0.3]
2010 13 [4]
2011 1.0 [0.4] 
2012 2.5 [0.8] 
2013 3 [1] 
2017 3 [1] 

0

40

80

120

160

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[7-2] trans-

[ ] (pg/g-dry)
2002 1.8 [0.6]
2003 4 [2]
2004 3 [0.9]
2005 2.3 [0.84]
2006 1.1 [0.4]
2007 2.2 [0.8]
2008 2.0 [0.8]
2009 1.7 [0.7]
2010 11 [4]
2011 1.3 [0.5] 
2012 4.0 [1.3] 
2013 1.8 [0.7] 
2017 4 [1] 
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1 2002 2009

 
2 2013 2012

 
3 2014 2015 2017 2019  

3-7-2-3 trans-  

 

 

 
2014 2015 2017 2019  

3-7-2-4 trans-   

0
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300

400

500

600

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w
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)

[7-2] trans-

[ ] (pg/g-wet)
2002 2.4 [0.8]
2003 7.2 [2.4]
2004 48 [16]
2005 10 [3.5]
2006 4 [2]
2007 6 [2]
2008 7 [3]
2009 4 [1]
2010 3 [1]
2011 4 [1] 
2012 7 [2] 
2013 16 [5.2] 
2016 6 [2] 

0

20

40

60

80

100

120

140

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[7-2] trans-

[ ] (pg/m3)
2002 0.60 [0.20]
2003 0.86 [0.29]
2004 0.69 [0.23]
2005 0.34 [0.14]
2006 0.17 [0.06]
2007 0.12 [0.05]
2008 0.17 [0.06]
2009 0.12 [0.05]
2010 1.2 [0.4]
2011 1.6 [0.53]
2012 2.1 [0.7]
2013 0.8 [0.3]
2016 1.0 [0.3]
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1 2002  
2 2014 2016 2018 2019  
3 2017 1/2  

3-7-3-1  

 
 

 
1 2002 2009

 
2 2014 2016 2018 2019  

3-7-3-2  

0

1

2

3

4

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[7-3] 

[ ] (pg/L)
2002 1.2 [0.4]
2003 2 [0.5]
2004 2 [0.5]
2005 1.1 [0.4]
2006 2.8 [0.9]
2007 6 [2]
2008 1.9 [0.7]
2009 1.1 [0.4]
2010 0.7 [0.3]
2011 1.3 [0.5] 
2012 0.9 [0.4] 
2013 0.9 [0.4] 
2017 4 [2] 

0
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3

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
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y)

[7-3] 

[ ] (pg/g-dry)
2002 1.5 [0.5]
2003 1 [0.4]
2004 3 [0.8]
2005 2.0 [0.7]
2006 2.9 [1.0]
2007 2.5 [0.9]
2008 3 [1]
2009 2 [1]
2010 1.0 [0.4]
2011 2.2 [0.9] 
2012 1.7 [0.7] 
2013 1.3 [0.5] 
2017 3 [1] 
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1 2002 2009

 
2 2013 2012

 
3 2014 2015 2017 2019  

3-7-3-3  

 

 

 
2014 2015 2017 2019  

3-7-3-4   
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(p
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g-
w
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)

[7-3] 

[ ] (pg/g-wet)
2002 3.6 [1.2]
2003 8.4 [2.8]
2004 9.2 [3.1]
2005 9.3 [3.1]
2006 7 [3]
2007 6 [2]
2008 7 [2]
2009 4 [1]
2010 8 [3]
2011 3 [1] 
2012 3 [1] 
2013 3 [1] 
2016 3 [1] 

0

0.5

1

1.5

2

2.5

3

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[7-3] 

[ ] (pg/m3)
2002 0.024 [0.008]
2003 0.045 [0.015]
2004 0.13 [0.042]
2005 0.16 [0.054]
2006 0.23 [0.08]
2007 0.05 [0.02]
2008 0.04 [0.01]
2009 0.04 [0.02]
2010 0.03 [0.01]
2011 0.07 [0.03]
2012 0.08 [0.03]
2013 0.03 [0.01]
2016 0.16 [0.06]
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1 2002  
2 2014 2016 2018 2019  

3-7-4-1 cis-  

 

 

 
1 2002 2009

 
2 2014 2016 2018 2019  

3-7-4-2 cis-   
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(p
g/

L)
[7-4] cis-

[ ] (pg/L)
2002 1.8 [0.6]
2003 0.3 [0.1]
2004 0.6 [0.2]
2005 0.5 [0.2]
2006 0.8 [0.3]
2007 2.4 [0.8]
2008 0.9 [0.3]
2009 0.3 [0.1]
2010 1.3 [0.4]
2011 0.6 [0.2] 
2012 0.8 [0.3] 
2013 0.8 [0.3] 
2017 1.5 [0.6] 
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(p
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[7-4] cis-

[ ] (pg/g-dry)
2002 2.1 [0.7]
2003 3 [0.9]
2004 2 [0.6]
2005 1.9 [0.64]
2006 1.2 [0.4]
2007 1.6 [0.6]
2008 0.6 [0.2]
2009 1.0 [0.4]
2010 0.9 [0.3]
2011 1.1 [0.4] 
2012 3 [1] 
2013 0.7 [0.3] 
2017 1.7 [0.7] 
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1 2002 2009

 
2 2013 2012

 
3 2014 2015 2017 2019  

3-7-4-3 cis-  

 

 

 
2014 2015 2017 2019  

3-7-4-4 cis-   

0

100

200

300

400

500

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
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[7-4] cis-

[ ] (pg/g-wet)
2002 1.2 [0.4]
2003 4.8 [1.6]
2004 3.4 [1.1]
2005 4.5 [1.5]
2006 3 [1]
2007 3 [1]
2008 4 [1]
2009 3 [1]
2010 3 [1]
2011 1.8 [0.7] 
2012 2 [1] 
2013 2.2 [0.7] 
2016 1.4 [0.6] 

0

2

4

6

8

10

12

14

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[7-4] cis-

[ ] (pg/m3)
2002 0.030 [0.010]
2003 0.026 [0.0088]
2004 0.072 [0.024]
2005 0.08 [0.03]
2006 0.15 [0.05]
2007 0.03 [0.01]
2008 0.03 [0.01]
2009 0.04 [0.02]
2010 0.11 [0.04]
2011 0.15 [0.051]
2012 0.12 [0.05]
2013 0.07 [0.02]
2016 0.14 [0.05]
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1 2002  
2 2014 2016 2018 2019  

3-7-5-1 trans-  

 

 

 
1 2002 2009  

 
2 2014 2016 2018 2019  

3-7-5-2 trans-   

0

5

10

15

20

25

30

35

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
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L)
[7-5] trans-

[ ] (pg/L)
2002 1.2 [0.4]
2003 2 [0.5]
2004 4 [2]
2005 2.5 [0.84]
2006 3.0 [1.0]
2007 5 [2]
2008 1.9 [0.7]
2009 1.0 [0.4]
2010 8 [3]
2011 1.3 [0.5] 
2012 1.5 [0.6] 
2013 1.5 [0.6] 
2017 3 [1] 
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[7-5] trans-

[ ] (pg/g-dry)
2002 1.5 [0.5]
2003 2 [0.6]
2004 2 [0.6]
2005 1.5 [0.54]
2006 1.2 [0.4]
2007 1.7 [0.6]
2008 2.2 [0.8]
2009 0.9 [0.3]
2010 6 [2]
2011 0.8 [0.3] 
2012 2.4 [0.8] 
2013 1.2 [0.4] 
2017 6 [2] 
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1 2002 2009

 
2 2013 2012

 
3 2014 2015 2017 2019  

3-7-5-3 trans-  
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3-7-5-4 trans-   
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(p
g/

g-
w

et
)

[7-5] trans-

[ ] (pg/g-wet)
2002 2.4 [0.8]
2003 3.6 [1.2]
2004 13 [4.2]
2005 6.2 [2.1]
2006 3 [1]
2007 7 [3]
2008 6 [2]
2009 3 [1]
2010 4 [2]
2011 3 [1] 
2012 4 [1] 
2013 10 [3.4] 
2016 3 [1] 

0

20

40

60

80

100

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[7-5] trans-

[ ] (pg/m3)
2002 0.30 [0.10]
2003 0.35 [0.12]
2004 0.48 [0.16]
2005 0.13 [0.044]
2006 0.10 [0.03]
2007 0.09 [0.03]
2008 0.09 [0.03]
2009 0.07 [0.03]
2010 0.8 [0.3]
2011 1.1 [0.35]
2012 1.2 [0.41]
2013 0.5 [0.2]
2016 0.7 [0.2]
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[8]  

 

1975 1986 9

POPs 2004

 

2002 2001

1982

1986  

2002 2002 cis-

trans- 2003 2002

2011 2012 2013 2015

2017 2014 2017

 

2018 2019 2017

 

 

2017  

 
 

2002 2017 cis- trans-
 

   
    [ ] 

   
  

 
(pg/L) 

2002 tr(1.2) tr(1.0) 25 nd 1.5 [0.5]  97/114 38/38 
2003 tr(1.8) tr(1.6) 7 tr(1.0) 2 [0.5]  36/36 36/36 
2004 nd nd 29 nd 5 [2]  9/38 9/38 
2005 nd tr(1) 54 nd 3 [1]  25/47 25/47 
2006 nd nd 6 nd 5 [2]  5/48 5/48 
2007 nd nd 5.2 nd 2.4 [0.8]  12/48 12/48 
2008 nd nd 4.6 nd 2.1 [0.8]  19/48 19/48 
2009 tr(0.5) nd 17 nd 0.8 [0.3]  20/49 20/49 
2010 nd nd 43 nd 2.2 [0.7]  4/49 4/49 
2011 nd nd 22 nd 1.3 [0.5]  6/49 6/49 
2014 tr(0.2) tr(0.2) 1.5 nd 0.5 [0.2]  28/48 28/48 
2017 nd nd 6  nd 3 [1] 2/47 2/47 

cis-
 

 
 

 
    [ ] 

   
  

 
(pg/L) 

2003 9.8 11 170 1.2 0.7 [0.2]  36/36 36/36 
2004 10 10 77 2 2 [0.4]  38/38 38/38 
2005 7.1 6.6 59 1.0 0.7 [0.2]  47/47 47/47 
2006 7.6 6.6 47 1.1 2.0 [0.7]  48/48 48/48 
2007 6.1 5.8 120 tr(0.9) 1.3 [0.4]  48/48 48/48 
2008 4.7 5.0 37 nd 0.6 [0.2]  46/48 46/48 
2009 5.5 4.2 72 0.8 0.5 [0.2]  49/49 49/49 
2010 5.9 3.9 710 0.7 0.4 [0.2]  49/49 49/49 
2011 5.8 5.8 160 0.7 0.7 [0.3]  49/49 49/49 
2014 4.9 3.4 56 0.7 0.5 [0.2]  48/48 48/48 
2017 4.7 3.5 83  nd 1.6 [0.6] 46/47 46/47 
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trans-
 

 
 

 
    [ ] 

   
  

 
(pg/L) 

2003 nd nd 2 nd 2 [0.4]  4/36 4/36 
2004 nd nd nd nd 0.9 [0.3]  0/38 0/38 
2005 nd nd nd nd 0.7 [0.2]  0/47 0/47 
2006 nd nd nd nd 1.8 [0.6]  0/48 0/48 
2007 nd nd tr(0.9) nd 2.0 [0.7]  2/48 2/48 
2008 nd nd nd nd 1.9 [0.7]  0/48 0/48 
2009 nd nd nd nd 0.7 [0.3]  0/49 0/49 
2010 nd nd 8.0 nd 1.3 [0.5]  2/49 2/49 
2011 nd nd 2.8 nd 0.8 [0.3]  3/49 3/49 
2014 nd nd nd nd 0.8 [0.3]  0/48 0/48 
2017 nd nd nd nd 2.3 [0.9] 0/47 0/47 

1 2002  
2 2012 2013 2015 2016  

 

 

2002 2017 cis- trans-
 

   
    [ ] 

   
  

 
(pg/g-dry) 

2002 4.1 3.2 120 nd 1.8 [0.6]  167/189 60/63 
2003 tr(2.7) tr(2.2) 160 nd 3 [1.0]  138/186 53/62 
2004 tr(2.8) tr(2.3) 170 nd 3 [0.9]  134/189 53/63 
2005 3.1 2.8 200 nd 2.5 [0.8]  120/189 48/63 
2006 5.2 3.9 230 nd 1.9 [0.6]  190/192 64/64 
2007 tr(1.8) tr(1.5) 110 nd 3.0 [0.7]  143/192 57/64 
2008 tr(1) nd 85 nd 4 [1]  59/192 27/64 
2009 1.6 1.3 65 nd 1.1 [0.4]  144/192 59/64 
2010 1.2 tr(0.8) 35 nd 1.1 [0.4]  51/64 51/64 
2011 tr(1.3) tr(1.2) 48 nd 1.8 [0.7]  40/64 40/64 
2014 tr(1.0) tr(0.9) 49 nd 1.5 [0.5]  38/63 38/63 
2017 1.2 1.1 40  nd 0.9 [0.3]  53/62 53/62 

cis-
 

 
 

 
    [ ] 

   
  

 
(pg/g-dry) 

2003 4 3 160 nd 3 [1]  153/186 55/62 
2004 tr(5) tr(3) 230 nd 6 [2]  136/189 52/63 
2005 tr(4) tr(3) 140 nd 7 [2]  119/189 49/63 
2006 4.0 3.2 210 nd 3.0 [1.0]  157/192 58/64 
2007 3 tr(2) 270 nd 3 [1]  141/192 53/64 
2008 3 2 180 nd 2 [1]  130/192 51/64 
2009 2.7 1.9 290 nd 0.7 [0.3]  176/192 63/64 
2010 3.1 2.4 300 nd 0.8 [0.3]  62/64 62/64 
2011 2.8 2.5 160 nd 0.6 [0.2]  63/64 63/64 
2014 2.1 1.7 310 nd 0.5 [0.2]  59/63 59/63 
2017 1.9 1.6 150  nd 1.2 [0.5]  51/62 51/62 

trans-
 

 
 

 
    [ ] 

   
  

 
(pg/g-dry) 

2003 nd nd nd nd 9 [3]  0/186 0/62 
2004 nd nd tr(2.5) nd 4 [2]  1/189 1/63 
2005 nd nd nd nd 5 [2]  0/189 0/63 
2006 nd nd 19 nd 7 [2]  2/192 2/64 
2007 nd nd 31 nd 10 [4]  2/192 2/64 
2008 nd nd nd nd 1.7 [0.7]  0/192 0/64 
2009 nd nd nd nd 1.4 [0.6]  0/192 0/64 
2010 nd nd 4 nd 3 [1]  1/64 1/64 
2011 nd nd 2.4 nd 2.3 [0.9]  2/64 2/64 
2014 nd nd 3.6 nd 0.7 [0.3]  1/63 1/63 
2017 nd nd nd nd 2.0 [0.8]  0/62 0/62  

1 2002 2009
 

2 2012 2013 2015 2016  
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2002 2016 cis-
trans-  

   
    [ ] 

   
  

 
(pg/g-wet) 

2002 tr(3.5) 4.6 15 nd 4.2 [1.4]  28/38 6/8 
2003 tr(2.8) tr(2.4) 14 nd 6.6 [2.2]  16/30 4/6 
2004 tr(3.4) 5.2 16 nd 4.1 [1.4]  23/31 6/7 
2005 tr(2.9) tr(2.9) 24 nd 6.1 [2.0]  18/31 6/7 
2006 tr(4) tr(4) 20 nd 6 [2]  23/31 6/7 
2007 tr(3) tr(3) 12 nd 6 [2]  20/31 6/7 
2008 tr(2) nd 9 nd 6 [2]  13/31 5/7 
2009 tr(4) nd 120 nd 5 [2]  14/31 4/7 
2010 3 tr(2) 78 nd 3 [1]  5/6 5/6 
2011 4 4 51 nd 3 [1]  3/4 3/4 
2012 tr(3) tr(3) 13 nd 4 [1]  4/5 4/5 
2013 3 tr(2) 19 nd 3 [1]  4/5 4/5 
2015 nd nd tr(1.7) nd 3.0 [1.0]  1/3 1/3 
2016 nd nd tr(1.4) nd 2.4 [0.9]  1/3 1/3 

 
(pg/g-wet) 

2002 4.2 4.8 20 nd 4.2 [1.4]  57/70 12/14 
2003 nd nd 11 nd 6.6 [2.2]  29/70 8/14 
2004 tr(2.3) tr(2.1) 460 nd 4.1 [1.4]  50/70 11/14 
2005 nd nd 7.6 nd 6.1 [2.0]  32/80 8/16 
2006 tr(2) nd 8 nd 6 [2]  36/80 8/16 
2007 tr(2) nd 7 nd 6 [2]  28/80 6/16 
2008 nd nd 9 nd 6 [2]  25/85 7/17 
2009 tr(2) nd 8 nd 5 [2]  30/90 11/18 
2010 tr(2) tr(2) 5 nd 3 [1]  12/18 12/18 
2011 tr(1) tr(1) 7 nd 3 [1]  13/18 13/18 
2012 nd tr(1) 5 nd 4 [1]  10/19 10/19 
2013 nd nd 12 nd 3 [1]  9/19 9/19 
2015 nd nd 9.2 nd 3.0 [1.0]  9/19 9/19 
2016 nd nd 5.5 nd 2.4 [0.9]  8/19 8/19 

 
(pg/g-wet) 

2002 tr(1.7) tr(2.8) 5.2 nd 4.2 [1.4]  7/10 2/2 
2003 nd nd nd nd 6.6 [2.2]  0/10 0/2 
2004 nd nd tr(1.5) nd 4.1 [1.4]  1/10 1/2 
2005 nd nd nd nd 6.1 [2.0]  0/10 0/2 
2006 nd nd nd nd 6 [2]  0/10 0/2 
2007 nd nd nd nd 6 [2]  0/10 0/2 
2008 nd nd nd nd 6 [2]  0/10 0/2 
2009 nd nd nd nd 5 [2]  0/10 0/2 
2010 nd --- tr(1) nd 3 [1]  1/2 1/2 
2011 --- --- nd nd 3 [1]  0/1 0/1 
2012 nd --- nd nd 4 [1]  0/2 0/2 

2013  nd --- nd nd 3 [1]  0/2 0/2 
2015  --- --- nd nd 3.0 [1.0]  0/1 0/1 
2016  nd --- nd nd 2.4 [0.9]  0/2 0/2 

cis-
   

    [ ] 
   

  

 
(pg/g-wet) 

2003 44 29 880 9.7 6.9 [2.3]  30/30 6/6 
2004 64 34 840 tr(9.8) 9.9 [3.3]  31/31 7/7 
2005 49 20 590 7.4 3.5 [1.2]  31/31 7/7 
2006 56 23 1,100 8 4 [1]  31/31 7/7 
2007 37 20 1,100 8 4 [1]  31/31 7/7 
2008 37 19 510 8 5 [2]  31/31 7/7 
2009 59 33 380 10 3 [1]  31/31 7/7 
2010 170 260 1,800 9.0 2.4 [0.9]  6/6 6/6 
2011 55 110 320 3.9 2.0 [0.8]  4/4 4/4 
2012 48 120 180 6.2 1.5 [0.6]  5/5 5/5 
2013 28 29 110 4.4 2.1 [0.8]  5/5 5/5 
2015 21 14 91 7.2 2.1 [0.8]  3/3 3/3 
2016 23 18 75 9.4 1.9 [0.7]  3/3 3/3 

 

 

  



 

 305  

cis-
   

    [ ] 
   

 
(pg/g-wet) 

2003 43 43 320 7.0 6.9 [2.3]  70/70 14/14 
2004 51 49 620 tr(3.3) 9.9 [3.3]  70/70 14/14 
2005 41 45 390 4.9 3.5 [1.2]  80/80 16/16 
2006 42 48 270 4 4 [1]  80/80 16/16 
2007 43 49 390 4 4 [1]  80/80 16/16 
2008 39 46 350 tr(3) 5 [2]  85/85 17/17 
2009 41 50 310 4 3 [1]  90/90 18/18 
2010 39 49 230 5.0 2.4 [0.9]  18/18 18/18 
2011 50 62 540 3.2 2.0 [0.8]  18/18 18/18 
2012 41 62 120 6.9 1.5 [0.6]  19/19 19/19 
2013 42 46 190 7.3 2.1 [0.8]  19/19 19/19 
2015 33 43 190 3.2 2.1 [0.8]  19/19 19/19 
2016 29 28 130 3.6 1.9 [0.7]  19/19 19/19 

 
(pg/g-wet) 

2003 540 510 770 370 6.9 [2.3]  10/10 2/2 
2004 270 270 350 190 9.9 [3.3]  10/10 2/2 
2005 370 340 690 250 3.5 [1.2]  10/10 2/2 
2006 330 310 650 240 4 [1]  10/10 2/2 
2007 280 270 350 250 4 [1]  10/10 2/2 
2008 370 370 560 180 5 [2]  10/10 2/2 
2009 220 210 390 160 3 [1]  10/10 2/2 
2010 290 --- 360 240 2.4 [0.9]  2/2 2/2 
2011 --- --- 410 410 2.0 [0.8]  1/1 1/1 
2012 160 --- 170 150 1.5 [0.6]  2/2 2/2 

2013  300 --- 560 160 2.1 [0.8]  2/2 2/2 
2015  --- --- 20 20 2.1 [0.8]  1/1 1/1 
2016  91 --- 270 31 1.9 [0.7]  2/2 2/2 

trans-
   

    [ ] 
   

  

 
(pg/g-wet) 

2003 nd nd 48 nd 13 [4.4]  5/30 1/6 
2004 nd nd 55 nd 12 [4.0]  9/31 2/7 
2005 nd nd 37 nd 23 [7.5]  5/31 1/7 
2006 nd nd 45 nd 13 [5]  5/31 1/7 
2007 nd nd 61 nd 13 [5]  5/31 1/7 
2008 nd nd 33 nd 10 [4]  5/31 1/7 
2009 tr(3) nd 24 nd 8 [3]  13/31 3/7 
2010 3 tr(2) 24 nd 3 [1]  3/6 3/6 
2011 nd nd tr(6) nd 7 [3]  1/4 1/4 
2012 nd nd tr(4) nd 8 [3]  1/5 1/5 
2013 nd nd nd nd 7 [3]  0/5 0/5 
2015 nd nd nd nd 7 [3]  0/3 0/3 
2016 nd nd nd nd 9 [3]  0/3 0/3 

 
(pg/g-wet) 

2003 nd nd nd nd 13 [4.4]  0/70 0/14 
2004 nd nd tr(10) nd 12 [4.0]  2/70 2/14 
2005 nd nd nd nd 23 [7.5]  0/80 0/16 
2006 nd nd nd nd 13 [5]  0/80 0/16 
2007 nd nd nd nd 13 [5]  0/80 0/16 
2008 nd nd nd nd 10 [4]  0/85 0/17 
2009 nd nd nd nd 8 [3]  0/90 0/18 
2010 nd nd nd nd 3 [1]  0/18 0/18 
2011 nd nd nd nd 7 [3]  0/18 0/18 
2012 nd nd nd nd 8 [3]  0/19 0/19 
2013 nd nd nd nd 7 [3]  0/19 0/19 
2015 nd nd 10 nd 7 [3]  5/19 5/19 
2016 nd nd nd nd 9 [3]  0/19 0/19 

 
(pg/g-wet) 

2003 nd nd nd nd 13 [4.4]  0/10 0/2 
2004 nd nd nd nd 12 [4.0]  0/10 0/2 
2005 nd nd nd nd 23 [7.5]  0/10 0/2 
2006 nd nd nd nd 13 [5]  0/10 0/2 
2007 nd nd nd nd 13 [5]  0/10 0/2 
2008 nd nd nd nd 10 [4]  0/10 0/2 
2009 nd nd nd nd 8 [3]  0/10 0/2 
2010 nd --- nd nd 3 [1]  0/2 0/2 
2011 --- --- nd nd 7 [3]  0/1 0/1 
2012 nd --- nd nd 8 [3]  0/2 0/2 

2013  nd --- tr(5) nd 7 [3]  1/2 1/2 
2015  --- --- nd nd 7 [3]  0/1 0/1 
2016  nd --- nd nd 9 [3]  0/2 0/2 

1 2002 2009
 

2 2013 2012
 

3 2014  
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2002 2016 cis- trans-
 

   
    [ ] 

   
  

 
(pg/m3) 

2002 11 14 220 0.20 0.12 [0.04]  102/102 34/34 
2003  27 41 240 1.1 0.25 [0.085]  35/35 35/35 
2003  10 16 65 0.39  34/34 34/34 
2004  23 36 200 0.46 0.23 [0.078]  37/37 37/37 
2004  11 18 100 0.53  37/37 37/37 
2005  25 29 190 1.1 

0.16 [0.054] 
 37/37 37/37 

2005  6.5 7.9 61 0.52  37/37 37/37 
2006  20 27 160 0.88 

0.11 [0.04] 
 37/37 37/37 

2006  6.8 7.2 56 0.32  37/37 37/37 
2007  22 27 320 1.1 0.07 [0.03]  36/36 36/36 
2007  6.3 8.0 74 0.42  36/36 36/36 
2008  20 31 190 0.92 0.06 [0.02]  37/37 37/37 
2008  7.5 12 60 0.51  37/37 37/37 
2009  18 30 110 0.48 

0.04 [0.01] 
 37/37 37/37 

2009  6.3 7.8 48 0.15  37/37 37/37 
2010  17 26 160 0.69 0.11 [0.04]  37/37 37/37 
2010  7.2 9.5 53 0.22  37/37 37/37 
2011  16 25 110 0.73 0.30 [0.099]  35/35 35/35 
2011  6.1 10 56 tr(0.13)  37/37 37/37 
2012  13 21 58 0.46 0.41 [0.14]  36/36 36/36 
2012  3.2 4.9 20 nd  35/36 35/36 
2013  11 21 43 0.46 

0.16 [0.05] 
 36/36 36/36 

2013  3.1 4.6 22 tr(0.10)  36/36 36/36 
2015  8.7 11 49 0.43 0.19 [0.06]  35/35 35/35 
2016  12 14 120 tr(0.18) 0.22 [0.08]  37/37 37/37 

cis-
   

    [ ] 
   

  

 
 

(pg/m3) 

2003  3.5 3.5 28 0.45 0.015 [0.0048]  35/35 35/35 
2003  1.3 1.3 6.6 0.49  34/34 34/34 
2004  2.8 2.9 9.7 0.65 0.052 [0.017]  37/37 37/37 
2004  1.1 1.1 7.0 0.44  37/37 37/37 
2005  1.5 1.7 11 tr(0.10) 

0.12 [0.044] 
 37/37 37/37 

2005  0.91 0.81 2.9 0.43  37/37 37/37 
2006  1.7 2.0 6.7 0.13 

0.11 [0.04] 
 37/37 37/37 

2006  0.74 0.88 3.2 nd  36/37 36/37 
2007  2.9 2.8 13 0.54 0.03 [0.01]  36/36 36/36 
2007  0.93 0.82 3.0 0.41  36/36 36/36 
2008  2.4 2.2 9.9 0.53 0.022 [0.008]  37/37 37/37 
2008  0.91 0.84 3.0 0.37  37/37 37/37 
2009  2.5 2.6 16 0.37 

0.03 [0.01] 
 37/37 37/37 

2009  1.0 0.91 3.8 0.42  37/37 37/37 
2010  2.3 2.3 10 0.38 

0.02 [0.01] 
 37/37 37/37 

2010  0.93 0.85 4.3 0.33  37/37 37/37 
2011  2.0 2.3 6.0 0.29 0.04 [0.01]  35/35 35/35 
2011  0.90 0.90 2.8 0.35  37/37 37/37 
2012  2.0 2.1 6.3 0.37 0.05 [0.02]  36/36 36/36 
2012  0.62 0.57 1.9 0.30  36/36 36/36 
2013  2.0 2.1 7.7 0.43 

0.03 [0.01] 
 36/36 36/36 

2013  0.66 0.63 1.4 0.32  36/36 36/36 
2015  1.4 1.4 4.7 tr(0.4) 0.5 [0.2]  35/35 35/35 
2016  1.9 1.9 9.1 0.30 0.12 [0.05]  37/37 37/37 
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trans-
   

    [ ] 
   

  

 
 

(pg/m3) 

2003  tr(0.036) tr(0.038) 0.30 nd 
0.099 [0.033] 

 18/35 18/35 
2003  nd nd tr(0.094) nd  3/34 3/34 
2004  nd nd tr(0.38) nd 0.6 [0.2]  4/37 4/37 
2004  nd nd nd nd  0/37 0/37 
2005  tr(0.10) tr(0.12) 1.2 nd 0.16 [0.05]  27/37 27/37 
2005  nd nd 0.32 nd  3/37 3/37 
2006  nd nd 0.7 nd 

0.3 [0.1] 
 2/37 2/37 

2006  nd nd tr(0.1) nd  1/37 1/37 
2007  nd nd 0.16 nd 0.14 [0.06]  8/36 8/36 
2007  nd nd tr(0.06) nd  1/36 1/36 
2008  nd nd 0.17 nd 0.16 [0.06]  6/37 6/37 
2008  nd nd nd nd  0/37 0/37 
2009  nd nd 0.18 nd 

0.14 [0.05] 
 10/37 10/37 

2009  nd nd tr(0.06) nd  1/37 1/37 
2010  nd nd 0.16 nd 

0.16 [0.06] 
 6/37 6/37 

2010  nd nd nd nd  0/37 0/37 
2011  nd nd 0.14 nd 0.13 [0.05]  5/35 5/35 
2011  nd nd nd nd  0/37 0/37 
2012  nd nd tr(0.08) nd 0.12 [0.05]   8/36  8/36 
2012  nd nd nd nd   0/36  0/36 
2013  nd nd tr(0.11) nd 

0.12 [0.05] 
 7/36 7/36 

2013  nd nd nd nd  0/36 0/36 
2015  nd nd nd nd 0.03 [0.01]  0/35 0/35 
2016  nd nd tr(0.2) nd 0.3 [0.1]  1/37 1/37 

2014  
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2012 2013 2015 2016 2018 2019  

3-8-1-1  

 

 

 
1 2002 2009

 
2 2012 2013 2015 2016 2018 2019  

3-8-1-2   

0

0.5

1

1.5

2

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[8-1] 

[ ] (pg/L)
2002 1.5 [0.5]
2003 2 [0.5]
2004 5 [2]
2005 3 [1]
2006 5 [2]
2007 2.4 [0.8]
2008 2.1 [0.8]
2009 0.8 [0.3]
2010 2.2 [0.7]
2011 1.3 [0.5] 
2014 0.5 [0.2]
2017 3 [1]

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[8-1] 

[ ] (pg/g-dry)
2002 1.8 [0.6]
2003 3 [1.0]
2004 3 [0.9]
2005 2.5 [0.8]
2006 1.9 [0.6]
2007 3.0 [0.7]
2008 4 [1]
2009 1.1 [0.4]
2010 1.1 [0.4]
2011 1.8 [0.7] 
2014 1.5 [0.5]
2017 1.5 [0.5]
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1 2002 2009

 
2  
3 2013 2012

 
4 2014 2017 2019  
5 2015 2016 1/2

 
3-8-1-3  

 

 
2014 2017 2019  

3-8-1-4   

0

1

2

3

4

5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[8-1] 

[ ] (pg/g-wet)
2002 4.2 [1.4]
2003 6.6 [2.2]
2004 4.1 [1.4]
2005 6.1 [2.0]
2006 6 [2]
2007 6 [2]
2008 6 [2]
2009 5 [2]
2010 3 [1]
2011 3 [1] 
2012 4 [1] 
2013 3 [1] 
2015 3.0 [1.0]
2016 2.4 [0.9]

0

5

10

15

20

25

30

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[8-1] 

[ ] (pg/m3)
2002 0.12 [0.04]
2003 0.25 [0.085]
2004 0.23 [0.078]
2005 0.16 [0.054]
2006 0.11 [0.04]
2007 0.07 [0.03]
2008 0.06 [0.02]
2009 0.04 [0.01]
2010 0.11 [0.4]
2011 0.30 [0.099]
2012 0.41 [0.14]
2013 0.16 [0.05]
2015 0.19 [0.06]
2016 0.22 [0.08]
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2002 2012 2013 2015 2016 2018 2019  

3-8-2-1 cis-  

 

 

 
1 2003 2009

 
2 2002 2012 2013 2015 2016 2018 2019  

3-8-2-2 cis-   

0

2

4

6

8

10

12

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[8-2] cis-

[ ] (pg/L)
2003 0.7 [0.2]
2004 2 [0.4]
2005 0.7 [0.2]
2006 2.0 [0.7]
2007 1.3 [0.4]
2008 0.6 [0.2]
2009 0.5 [0.2]
2010 0.4 [0.2]
2011 0.7 [0.3] 
2014 0.5 [0.2]
2017 1.6 [0.6]

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[8-2] cis-

[ ] (pg/g-dry)
2003 3 [1]
2004 6 [2]
2005 7 [2]
2006 3.0 [1.0]
2007 3 [1]
2008 2 [1]
2009 0.7 [0.3]
2010 0.8 [0.3]
2011 0.6 [0.2] 
2014 0.5 [0.2]
2017 1.2 [0.5]
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1 2003 2009

 
2 2013 2012

 
3 2002 2014 2017 2019  

3-8-2-3 cis-  

 

 

 
2002 2014 2017 2019  

3-8-2-4 cis-   

0

50

100

150

200

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[8-2] cis-

[ ] (pg/g-wet)
2003 6.9 [2.3]
2004 9.9 [3.3]
2005 3.5 [1.2]
2006 4 [1]
2007 4 [1]
2008 5 [2]
2009 3 [1]
2010 2.4 [0.9]
2011 2.0 [0.8] 
2012 1.5 [0.6] 
2013 2.1 [0.8] 
2015 2.1 [0.8]
2016 1.9 [0.7]

0

1

2

3

4

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[8-2] cis-

[ ] (pg/m3)
2003 0.015 [0.0048]
2004 0.052 [0.017]
2005 0.12 [0.044]
2006 0.11 [0.04]
2007 0.03 [0.01]
2008 0.022 [0.008]
2009 0.03 [0.01]
2010 0.02 [0.01]
2011 0.04 [0.01]
2012 0.05 [0.02]
2013 0.03 [0.01]
2015 0.5 [0.2]
2016 0.12 [0.05]
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2002 2012 2013 2015 2016 2018 2019  

3-8-3-1 trans-  

 

 

 
1 2003 2009

 
2 2002 2012 2013 2015 2016 2018 2019  

3-8-3-2 trans-   

0

0.1

0.2

0.3

0.4

0.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[8-3] trans-

[ ] (pg/L)
2003 2 [0.4]
2004 0.9 [0.3]
2005 0.7 [0.2]
2006 1.8 [0.6]
2007 2.0 [0.7]
2008 1.9 [0.7]
2009 0.7 [0.3]
2010 1.3 [0.5]
2011 0.8 [0.3] 
2014 0.8 [0.3]
2017 2.3 [0.9]

0

0.5

1

1.5

2

2.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[8-3] trans-

[ ] (pg/g-dry)
2003 9 [3]
2004 4 [2]
2005 5 [2]
2006 7 [2]
2007 10 [4]
2008 1.7 [0.7]
2009 1.4 [0.6]
2010 3 [1]
2011 2.3 [0.9] 
2014 0.7 [0.3]
2017 2.0 [0.8]
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[9]  

 

2002 9 POPs

2004  

2003 2002

1983  

2002 2-endo,3-exo,5-endo,6-exo,8,8,10,10-

Parlar-26 2-endo,3-exo,5-endo,6-exo,8,8,9,10,10- Parlar-50 2,2,5,5,8,9,9,10,10-

Parlar-62 3 2003 2009

2015

2018  

2019 2018  

 

2018  

 
 

2003 2018 Parlar-26 Parlar-50 Parlar-62  

Parlar-26   
    [ ] 

   
  

 
(pg/L) 

2003 nd nd nd nd 40 [20]  0/36 0/36 
2004 nd nd nd nd 9 [3]  0/38 0/38 
2005 nd nd nd nd 10 [4]  0/47 0/47 
2006 nd nd nd nd 16 [5]  0/48 0/48 
2007 nd nd nd nd 20 [5]  0/48 0/48 
2008 nd nd nd nd 8 [3]  0/48 0/48 
2009 nd nd nd nd 5 [2]  0/49 0/49 
2018 nd nd 5 nd 4 [2]  7/47 7/47 

Parlar-50   
    [ ] 

   
  

 
(pg/L) 

2003 nd nd nd nd 70 [30]  0/36 0/36 
2004 nd nd nd nd 20 [7]  0/38 0/38 
2005 nd nd nd nd 20 [5]  0/47 0/47 
2006 nd nd nd nd 16 [5]  0/48 0/48 
2007 nd nd nd nd 9 [3]  0/48 0/48 
2008 nd nd nd nd 7 [3]  0/48 0/48 
2009 nd nd nd nd 7 [3]  0/49 0/49 
2018 nd nd tr(2) nd 6 [2]  1/47 1/47 

Parlar-62   
    [ ] 

   
  

 
(pg/L) 

2003 nd nd nd nd 300 [90]  0/36 0/36 
2004 nd nd nd nd 90 [30]  0/38 0/38 
2005 nd nd nd nd 70 [30]  0/47 0/47 
2006 nd nd nd nd 60 [20]  0/48 0/48 
2007 nd nd nd nd 70 [30]  0/48 0/48 
2008 nd nd nd nd 40 [20]  0/48 0/48 
2009 nd nd nd nd 40 [20]  0/49 0/49 
2018 nd nd nd nd 40 [20]  0/47 0/47 

2010 2017  
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2003 2018 Parlar-26 Parlar-50 Parlar-62  

Parlar-26   
    [ ] 

   
  

 
(pg/g-dry) 

2003 nd nd nd nd 90 [30]  0/186 0/62 
2004 nd nd nd nd 60 [20]  0/189 0/63 
2005 nd nd nd nd 60 [30]  0/189 0/63 
2006 nd nd nd nd 12 [4]  0/192 0/64 
2007 nd nd nd nd 7 [3]  0/192 0/64 
2008 nd nd nd nd 12 [5]  0/192 0/64 
2009 nd nd nd nd 10 [4]  0/192 0/64 
2018 nd nd nd nd 8 [3]  0/61 0/61 

Parlar-50   
    [ ] 

   
  

 
(pg/g-dry) 

2003 nd nd nd nd 200 [50]  0/186 0/62 
2004 nd nd nd nd 60 [20]  0/189 0/63 
2005 nd nd nd nd 90 [40]  0/189 0/63 
2006 nd nd nd nd 24 [7]  0/192 0/64 
2007 nd nd nd nd 30 [10]  0/192 0/64 
2008 nd nd nd nd 17 [6]  0/192 0/64 
2009 nd nd nd nd 12 [5]  0/192 0/64 
2018 nd nd tr(3) nd 8 [3]  1/61 1/61 

Parlar-62   
    [ ] 

   
  

 
(pg/g-dry) 

2003 nd nd nd nd 4,000 [2,000]  0/186 0/62 
2004 nd nd nd nd 2,000 [400]  0/189 0/63 
2005 nd nd nd nd 2,000 [700]  0/189 0/63 
2006 nd nd nd nd 210 [60]  0/192 0/64 
2007 nd nd nd nd 300 [70]  0/192 0/64 
2008 nd nd nd nd 90 [40]  0/192 0/64 
2009 nd nd nd nd 80 [30]  0/192 0/64 
2018 nd nd tr(20) nd 50 [20]  1/61 1/61 

1 2003 2009
 

2 2010 2017  
 

 

2003 2018 Parlar-26 Parlar-50 Parlar-62
 

Parlar-26   
    [ ] 

   
  

 
(pg/g-wet) 

2003 nd nd tr(39) nd 45 [15]  11/30 3/6 
2004 nd nd tr(32) nd 42 [14]  15/31 3/7 
2005 nd nd tr(28) nd 47 [16]  7/31 4/7 
2006 tr(9) tr(12) 25 nd 18 [7]  21/31 5/7 
2007 tr(7) tr(8) 20 nd 10 [4]  26/31 6/7 
2008 tr(7) tr(8) 22 nd 9 [3]  27/31 7/7 
2009 9 9 23 nd 7 [3]  27/31 7/7 
2015 tr(10) tr(15) tr(17) nd 23 [9]  2/3 2/3 
2018 tr(10) tr(15) tr(15) nd 21 [8]  2/3 2/3 

 
(pg/g-wet) 

2003 tr(28) tr(24) 810 nd 45 [15]  44/70 11/14 
2004 43 tr(41) 1,000 nd 42 [14]  54/70 13/14 
2005 tr(42) 53 900 nd 47 [16]  50/75 13/16 
2006 41 44 880 nd 18 [7]  70/80 15/16 
2007 24 32 690 nd 10 [4]  64/80 14/16 
2008 35 33 730 nd 9 [3]  79/85 17/17 
2009 25 20 690 nd 7 [3]  82/90 18/18 
2015 26 28 400 nd 23 [9]  13/19 13/19 
2018 tr(17) tr(17) 280 nd 21 [8]  12/18 12/18 
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Parlar-26   
    [ ] 

   
  

 
(pg/g-wet) 

2003 120 650 2,500 nd 45 [15]  5/10 1/2 
2004 70 340 810 nd 42 [14]  5/10 1/2 
2005 86 380 1,200 nd 47 [16]  5/10 1/2 
2006 48 290 750 nd 18 [7]  5/10 1/2 
2007 34 280 650 nd 10 [4]  5/10 1/2 
2008 38 320 1,200 nd 9 [3]  6/10 2/2 
2009 26 200 500 nd 7 [3]  6/10 2/2 

2015  --- --- tr(10) tr(10) 23 [9]  1/1 1/1 
2018  53 --- 54 53 21 [8]  2/2 2/2 

Parlar-50   
    [ ] 

   
  

 
(pg/g-wet) 

2003 tr(12) tr(12) 58 nd 33 [11]  17/30 4/6 
2004 tr(15) nd tr(45) nd 46 [15]  15/31 3/7 
2005 nd nd tr(38) nd 54 [18]  9/31 4/7 
2006 tr(10) 14 32 nd 14 [5]  24/31 6/7 
2007 9 10 37 nd 9 [3]  27/31 7/7 
2008 tr(7) tr(6) 23 nd 10 [4]  23/31 6/7 
2009 9 9 31 nd 8 [3]  27/31 7/7 
2015 tr(11) tr(15) tr(16) nd 30 [10]  2/3 2/3 
2018 tr(9) 16 17 nd 16 [6]  2/3 2/3 

 
(pg/g-wet) 

2003 35 34 1,100 nd 33 [11]  55/70 14/14 
2004 60 61 1,300 nd 46 [15]  59/70 14/14 
2005 tr(52) 66 1,400 nd 54 [18]  55/80 13/16 
2006 56 52 1,300 nd 14 [5]  79/80 16/16 
2007 35 41 1,100 nd 9 [3]  77/80 16/16 
2008 44 45 1,000 nd 10 [4]  77/85 17/17 
2009 30 23 910 nd 8 [3]  85/90 18/18 
2015 tr(25) tr(13) 640 nd 30 [10]  13/19 13/19 
2018 22 20 300 nd 16 [6]  16/18 16/18 

 
(pg/g-wet) 

2003 110 850 3,000 nd 33 [11]  5/10 1/2 
2004 83 440 1,000 nd 46 [15]  5/10 1/2 
2005 100 480 1,500 nd 54 [18]  5/10 1/2 
2006 46 380 1,000 nd 14 [5]  5/10 1/2 
2007 34 360 930 nd 9 [3]  5/10 1/2 
2008 49 410 1,600 nd 10 [4]  5/10 1/2 
2009 29 250 620 nd 8 [3]  5/10 1/2 

2015  --- --- nd nd 30 [10]  0/1 0/1 
2018  tr(12) --- tr(13) tr(11) 16 [6]  2/2 2/2 

Parlar-62   
    [ ] 

   
  

 
(pg/g-wet) 

2003 nd nd nd nd 120 [40]  0/30 0/6 
2004 nd nd nd nd 98 [33]  0/31 0/7 
2005 nd nd nd nd 100 [34]  0/31 0/7 
2006 nd nd nd nd 70 [30]  0/31 0/7 
2007 nd nd nd nd 70 [30]  0/31 0/7 
2008 nd nd nd nd 80 [30]  0/31 0/7 
2009 nd nd nd nd 70 [20]  0/31 0/7 
2015 nd nd nd nd 150 [60]  0/3 0/3 
2018 nd nd nd nd 100 [40]  0/3 0/3 

 
(pg/g-wet) 

2003 nd nd 580 nd 120 [40]  9/70 3/14 
2004 nd nd 870 nd 98 [33]  24/70 7/14 
2005 nd nd 830 nd 100 [34]  23/80 8/16 
2006 tr(30) nd 870 nd 70 [30]  28/80 10/16 
2007 tr(30) nd 530 nd 70 [30]  22/80 7/16 
2008 tr(30) nd 590 nd 80 [30]  31/85 8/17 
2009 tr(20) nd 660 nd 70 [20]  24/90 8/18 
2015 nd nd 320 nd 150 [60]  2/19 2/19 
2018 nd nd 150 nd 100 [40]  3/18 3/18 
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Parlar-62   
    [ ] 

   
  

 
(pg/g-wet) 

2003 tr(96) 200 530 nd 120 [40]  5/10 1/2 
2004 tr(64) 110 280 nd 98 [33]  5/10 1/2 
2005 tr(78) 130 460 nd 100 [34]  5/10 1/2 
2006 70 120 430 nd 70 [30]  5/10 1/2 
2007 tr(60) 100 300 nd 70 [30]  5/10 1/2 
2008 tr(70) 130 360 nd 80 [30]  5/10 1/2 
2009 tr(40) 80 210 nd 70 [20]  5/10 1/2 

2015  --- --- nd nd 150 [60]  0/1 0/1 
2018  nd --- nd nd 100 [40]  0/2 0/2 

1 2003 2009
 

2 2015 2009
 

3 2010 2014 2016 2017  
 

 

2003 2018 Parlar-26 Parlar-50 Parlar-62  

Parlar-26   
    [ ] 

   
  

 
(pg/m3) 

2003  0.31 0.31 0.77 tr(0.17) 
0.20 [0.066] 

 35/35 35/35 
2003  tr(0.17) tr(0.17) 0.27 tr(0.091)  34/34 34/34 
2004  0.27 0.26 0.46 tr(0.17) 0.20 [0.066]  37/37 37/37 
2004  tr(0.15) tr(0.15) 0.50 tr(0.094)  37/37 37/37 
2005  nd nd nd nd 0.3 [0.1]  0/37 0/37 
2005  nd nd nd nd  0/37 0/37 
2006  nd nd nd nd 

1.8 [0.6] 
 0/37 0/37 

2006  nd nd nd nd  0/37 0/37 
2007  nd nd tr(0.3) nd 

0.6 [0.2] 
 18/36 18/36 

2007  nd nd nd nd  0/36 0/36 
2008  tr(0.21) 0.22 0.58 tr(0.12) 0.22 [0.08]  37/37 37/37 
2008  tr(0.11) tr(0.12) tr(0.20) nd  36/37 36/37 
2009  tr(0.18) tr(0.19) 0.26 tr(0.11) 0.23 [0.09]  37/37 37/37 
2009  tr(0.12) tr(0.13) 0.27 nd  33/37 33/37 
2018  nd nd tr(0.3) nd 0.4 [0.2]  12/37 12/37 

Parlar-50   
    [ ] 

   
  

 
(pg/m3) 

2003  nd nd tr(0.37) nd 0.81 [0.27]  2/35 2/35 
2003  nd nd nd nd  0/34 0/34 
2004  nd nd nd nd 1.2 [0.4]  0/37 0/37 
2004  nd nd nd nd  0/37 0/37 
2005  nd nd nd nd 

0.6 [0.2] 
 0/37 0/37 

2005  nd nd nd nd  0/37 0/37 
2006  nd nd nd nd 

1.6 [0.5] 
 0/37 0/37 

2006  nd nd nd nd  0/37 0/37 
2007  nd tr(0.1) tr(0.2) nd 0.3 [0.1]  29/36 29/36 
2007  nd nd nd nd  0/36 0/36 
2008  nd nd tr(0.19) nd 0.25 [0.09]  15/37 15/37 
2008  nd nd nd nd  0/37 0/37 
2009  nd nd tr(0.1) nd 

0.3 [0.1] 
 11/37 11/37 

2009  nd nd tr(0.1) nd  1/37 1/37 
2018  nd nd tr(0.2) nd 0.5 [0.2]  2/37 2/37 
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Parlar-62   
    [ ] 

   
  

 
(pg/m3) 

2003  nd nd nd nd 
1.6 [0.52] 

 0/35 0/35 
2003  nd nd nd nd  0/34 0/34 
2004  nd nd nd nd 2.4 [0.81]  0/37 0/37 
2004  nd nd nd nd  0/37 0/37 
2005  nd nd nd nd 1.2 [0.4]  0/37 0/37 
2005  nd nd nd nd  0/37 0/37 
2006  nd nd nd nd 

8 [3] 
 0/37 0/37 

2006  nd nd nd nd  0/37 0/37 
2007  nd nd nd nd 1.5 [0.6]  0/36 0/36 
2007  nd nd nd nd  0/36 0/36 
2008  nd nd nd nd 1.6 [0.6]  0/37 0/37 
2008  nd nd nd nd  0/37 0/37 
2009  nd nd nd nd 

1.6 [0.6] 
 0/37 0/37 

2009  nd nd nd nd  0/37 0/37 
2018  nd nd nd nd 0.4 [0.2]  0/37 0/37 

2010 2017  
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1 2003 2009

 
2 2013 2009

 
3 2002 2010 2014 2016 2017 2019  
4 2003 2005  1/2

 

3-9-1-1 Parlar-26  

 
1 2002 2010 2017 2019  
2 2005 2007 2018  

1/2  

3-9-1-2 Parlar-26  

0

10

20

30

40

50

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[9-1] Parlar-26

[ ] (pg/g-wet)
2003 45 [15]
2004 42 [14]
2005 47 [16]
2006 18 [7]
2007 10 [4]
2008 9 [3]
2009 7 [3]
2015 23[9]
2018 21 [8]

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[9-1] Parlar-26

[ ] (pg/m3)
2003 0.20 [0.066]
2004 0.20 [0.066]
2005 0.3 [0.1]
2006 1.8 [0.6]
2007 0.6 [0.2]
2008 0.22 [0.08]
2009 0.23 [0.09] 
2018 0.4 [0.2]
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1 2003 2009

 
2 2013 2009

 
3 2002 2010 2014 2016 2017 2019  
4 2005 1/2  

3-9-2-1 Parlar-50  

0

10

20

30

40

50

60

70

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[9-2] Parlar-50

[ ] (pg/g-wet)
2003 33 [11]
2004 46 [15]
2005 54 [18] 
2006 14 [5]
2007 9 [3] 
2008 10 [4] 
2009 8 [3]
2015 30 [10]
2018 16 [6]
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[10]  

 

2002 9

POPs 2004

 

2003 2002

1983  

2002 2003 2009 2011 2018

 

2019 2018  

 

2018  

 
 

2003 2018  

   
    [ ] 

   
  

 
(pg/L) 

2003 tr(0.13) tr(0.12) 0.8 nd 0.3 [0.09]  25/36 25/36 
2004 nd nd 1.1 nd 0.4 [0.2]  18/38 18/38 
2005 nd nd 1.0 nd 0.4 [0.1]  14/47 14/47 
2006 nd nd 0.07 nd 1.6 [0.5]  1/48 1/48 
2007 nd nd tr(0.5) nd 1.1 [0.4]  2/48 2/48 
2008 nd nd 0.7 nd 0.6 [0.2]  4/48 4/48 
2009 nd nd 0.5 nd 0.4 [0.2]  8/49 8/49 
2011 nd nd 0.8 nd 0.5 [0.2]  3/49 3/49 
2018 nd nd 1.0 nd 0.7 [0.3]  3/47 3/47 

2010 2012 2017  
 

 

2003 2018  
   

    [ ] 
   

  

 
(pg/g-dry) 

2003 2 tr(1.6) 1,500 nd 2 [0.4]  137/186 51/62 
2004 2 tr(1.6) 220 nd 2 [0.5]  153/189 55/63 
2005 1.8 1.2 5,300 nd 0.9 [0.3]  134/189 48/63 
2006 1.7 1.2 640 nd 0.6 [0.2]  156/192 57/64 
2007 1.5 0.9 200 nd 0.9 [0.3]  147/192 55/64 
2008 1.4 1.1 820 nd 0.7 [0.3]  117/192 48/64 
2009 1.4 1.3 620 nd 1.0 [0.4]  126/192 49/64 
2011 1.2 0.9 1,900 nd 0.9 [0.4]  42/64 42/64 
2018 1.1 0.9 240 nd 0.8 [0.3]  44/61 44/61 

1 2003 2009
 

2 2010 2012 2017  
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2003 2018  
   

    [ ] 
   

  

 
(pg/g-wet) 

2003 4.9 4.2 19 tr(1.6) 2.4 [0.81]  30/30 6/6 
2004 4.4 4.3 12 tr(1.1) 2.5 [0.82]  31/31 7/7 
2005 5.4 5.2 20 tr(1.9) 3.0 [0.99]  31/31 7/7 
2006 5 4 19 tr(2) 3 [1]  31/31 7/7 
2007 5 4 18 tr(2) 3 [1]  31/31 7/7 
2008 4 tr(3) 18 tr(2) 4 [1]  31/31 7/7 
2009 5.9 5.2 21 tr(1.7) 2.1 [0.8]  31/31 7/7 
2011 10 7.1 44 5.2 1.9 [0.8]  4/4 4/4 
2018 4.9 3.2 20 1.8 1.4 [0.5]  3/3 3/3 

 
(pg/g-wet) 

2003 8.3 9.0 25 tr(1.7) 2.4 [0.81]  70/70 14/14 
2004 13 11 180 3.8 2.5 [0.82]  70/70 14/14 
2005 13 13 78 tr(1.0) 3.0 [0.99]  80/80 16/16 
2006 11 10 53 tr(2) 3 [1]  80/80 16/16 
2007 9 11 36 tr(1) 3 [1]  80/80 16/16 
2008 11 13 48 tr(1) 4 [1]  85/85 17/17 
2009 8.6 9.6 37 tr(0.9) 2.1 [0.8]  90/90 18/18 
2011 12 15 41 tr(1.3) 1.9 [0.8]  18/18 18/18 
2018 8.2 8.4 70 1.9 1.4 [0.5]  18/18 18/18 

 
(pg/g-wet) 

2003 120 150 450 31 2.4 [0.81]  10/10 2/2 
2004 61 64 110 33 2.5 [0.82]  10/10 2/2 
2005 77 66 180 41 3.0 [0.99]  10/10 2/2 
2006 77 70 280 39 3 [1]  10/10 2/2 
2007 57 59 100 32 3 [1]  10/10 2/2 
2008 74 68 260 27 4 [1]  10/10 2/2 
2009 49 50 79 32 2.1 [0.8]  10/10 2/2 
2011 --- --- 58 58 1.9 [0.8]  1/1 1/1 
2018 110 --- 260 47 1.4 [0.5]  2/2 2/2 

1 2003 2009
 

2 2010 2012 2017  
 

 

2003 2018  
   

    [ ] 
   

  

 
(pg/m3) 

2003  0.11 0.12 0.19 0.047 0.0084 
[0.0028] 

 35/35 35/35 
2003  0.044 0.043 0.099 0.024  34/34 34/34 
2004  0.099 0.11 0.16 tr(0.042) 0.05 [0.017]  37/37 37/37 
2004  tr(0.046) tr(0.047) 0.23 tr(0.019)  37/37 37/37 
2005  tr(0.09) tr(0.09) 0.24 tr(0.05) 

0.10 [0.03] 
 37/37 37/37 

2005  tr(0.04) tr(0.04) tr(0.08) nd  29/37 29/37 
2006  tr(0.07) tr(0.10) 0.22 nd 0.13 [0.04]  29/37 29/37 
2006  tr(0.07) tr(0.07) 2.1 nd  27/37 27/37 
2007  0.11 0.11 0.28 0.04 0.03 [0.01]  36/36 36/36 
2007  0.04 0.04 0.09 tr(0.02)  36/36 36/36 
2008  0.09 0.09 0.25 0.03 

0.03 [0.01] 
 37/37 37/37 

2008  0.05 0.04 0.08 0.03  37/37 37/37 
2009  0.12 0.13 0.48 0.049 

0.015 [0.006] 
 37/37 37/37 

2009  0.058 0.054 0.18 0.030  37/37 37/37 
2011  0.14 0.13 0.25 0.08 0.04 [0.01]  35/35 35/35 
2011  0.07 0.07 0.11 tr(0.03)  37/37 37/37 
2018  0.09 0.09 0.20 0.05 0.03 [0.01]  37/37 37/37 

2010 2012 2017  
  



 

 322  

 
1 2003 2009

 
2 2002 2010 2012 2017 2019  

3-10-1  

 
 

 
1 2003 2009

 
2 2002 2010 2012 2017 2019  

3-10-3   

0

0.5

1

1.5

2

2.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)
[10] 

[ ] (pg/g-dry)
2003 2 [0.4]
2004 2 [0.5]
2005 0.9 [0.3]
2006 0.6 [0.2]
2007 0.9 [0.3]
2008 0.7 [0.3]
2009 1.0 [0.4]
2011 0.9 [0.4] 
2018 0.8 [0.3]

0

2

4

6

8

10

12

14

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[10] 

[ ] (pg/g-wet)
2003 2.4 [0.81]
2004 2.5 [0.82]
2005 3.0 [0.99]
2006 3 [1]
2007 3 [1]
2008 4 [1]
2009 2.1 [0.8]
2011 1.9 [0.8] 
2018 1.4 [0.5]
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2002 2010 2012 2017 2019  

3-10-4  

0

0.04

0.08

0.12

0.16

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[10] 

[ ] (pg/m3)
2003 0.0084 [0.0028]
2004 0.05 [0.017]
2005 0.10 [0.03]
2006 0.13 [0.04]
2007 0.03 [0.01]
2008 0.03 [0.01]
2009 0.015 [0.006] 
2011 0.04 [0.01]
2018 0.03 [0.01]
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[11] HCH  

 

HCH 1971

2009 5

POPs 4 COP4 HCH -HCH -HCH -HCH

2010 4

 

HCH - - - - 4

 

2001 - -

1986 1998 1986 2001

1978 1996 1998 2000 2001

- 1997 - 1993  

2002 - -

2002 - - - -

2003 2017 2019

 

 

 

 

-HCH 48 2pg/L 48

tr(2) 640pg/L  

2002 2019

 

-HCH 48 1pg/L 48

17 570pg/L  

2002 2019

 

-HCH 48 2pg/L 48

47 480pg/L  

2003 2019

 

-HCH 48 0.4pg/L 48 46

85pg/L  
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2003 2019

6 6

 

2002 2019 -HCH -HCH -HCH -HCH  
-HCH   

    [ ] 
   

  

 
(pg/L) 

2002 86 76 6,500 1.9 0.9 [0.3]  114/114 38/38 
2003 120 120 970 13 3 [0.9]  36/36 36/36 
2004 150 145 5,700 13 6 [2]  38/38 38/38 
2005 90 81 660 16 4 [1]  47/47 47/47 
2006 110 90 2,100 25 3 [1]  48/48 48/48 
2007 76 73 720 13 1.9 [0.6]  48/48 48/48 
2008 78 75 1,100 9 4 [2]  48/48 48/48 
2009 74 73 560 14 1.2 [0.4]  49/49 49/49 
2010 94 75 1,400 14 4 [1]  49/49 49/49 
2011 67 60 1,000 11 7 [3]  49/49 49/49 
2012 65 56 2,200 9.5 1.4 [0.5]  48/48 48/48 
2013 57 55 1,900 9 7 [2]  48/48 48/48 
2014 47 41 700 7.3 4.5 [1.5]  48/48 48/48 
2015 48 40 610 8.7 1.2 [0.4]  48/48 48/48 
2016 38 36 640 5.1 1.1 [0.4]  48/48 48/48 
2017 47 45 680  3.7  0.9 [0.4] 47/47 47/47 
2019 35 37 640 tr(2) 4 [2]  48/48 48/48 

-HCH   
    [ ] 

   
  

 
(pg/L) 

2002 210 180 1,600 24 0.9 [0.3]  114/114 38/38 
2003 250 240 1,700 14 3 [0.7]  36/36 36/36 
2004 260 250 3,400 31 4 [2]  38/38 38/38 
2005 200 170 2,300 25 2.6 [0.9]  47/47 47/47 
2006 200 160 2,000 42 1.7 [0.6]  48/48 48/48 
2007 170 150 1,300 18 2.7[0.9]  48/48 48/48 
2008 150 150 1,800 15 1.0 [0.4]  48/48 48/48 
2009 150 150 1,100 18 0.6 [0.2]  49/49 49/49 
2010 180 160 2,500 33 2.0 [0.7]  49/49 49/49 
2011 130 120 840 28 2.0 [0.8]  49/49 49/49 
2012 150 130 820 17 1.4 [0.5]  48/48 48/48 
2013 130 130 1,100 20 7 [2]  48/48 48/48 
2014 100 110 1,100 11 1.0 [0.4]  48/48 48/48 
2015 130 120 1,100 21 1.2 [0.4]  48/48 48/48 
2016 100 96 1,100 12 1.2 [0.4]  48/48 48/48 
2017 100 110 830  12  1.8 [0.7] 47/47 47/47 
2019 100 92 570 17 3 [1]  48/48 48/48 

-HCH 
   

    [ ] 
   

  

 
(pg/L) 

2003 92 90 370 32 7 [2]  36/36 36/36 
2004 91 76 8,200 21 20 [7]  38/38 38/38 
2005 48 40 250 tr(8) 14 [5]  47/47 47/47 
2006 44 43 460 tr(9) 18 [6]  48/48 48/48 
2007 34 32 290 5.2 2.1 [0.7]  48/48 48/48 
2008 34 32 340 4 3 [1]  48/48 48/48 
2009 32 26 280 5.1 0.6 [0.2]  49/49 49/49 
2010 26 22 190 tr(5) 6 [2]  49/49 49/49 
2011 23 20 170 3 3 [1]  49/49 49/49 
2012 22 21 440 3.0 1.3 [0.4]  48/48 48/48 
2013 21 17 560 3.2 2.7 [0.8]  48/48 48/48 
2014 18 18 350 3.5 1.2 [0.4]  48/48 48/48 
2015 17 15 110 2.6 0.9 [0.3]  48/48 48/48 
2016 14 13 130 1.8 0.8 [0.3]  48/48 48/48 
2017 17 16 190  2.1  1.4 [0.5] 47/47 47/47 
2019 14 12 480 nd 4 [2]  47/48 47/48 
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-HCH   
    [ ] 

   
  

 
(pg/L) 

2003 14 14 200 tr(1.1) 2 [0.5]  36/36 36/36 
2004 24 29 670 tr(1.4) 2 [0.7]  38/38 38/38 
2005 1.8 nd 62 nd 1.5 [0.5]  23/47 23/47 
2006 24 18 1,000 2.2 2.0 [0.8]  48/48 48/48 
2007 11 9.7 720 tr(0.7) 1.2 [0.4]  48/48 48/48 
2008 11 10 1,900 tr(1.1) 2.3 [0.9]  48/48 48/48 
2009 10 11 450 tr(0.7) 0.9 [0.4]  49/49 49/49 
2010 16 17 780 0.9 0.8 [0.3]  49/49 49/49 
2011 8.6 8.9 300 0.7 0.4 [0.2]  49/49 49/49 
2012 7.9 6.7 220 tr(0.5) 1.1 [0.4]  48/48 48/48 
2013 8.2 8.9 320 tr(0.6) 1.1 [0.4]  48/48 48/48 
2014 7.1 6.5 590 0.7 0.4 [0.2]  48/48 48/48 
2015 7.2 7.4 310 0.8 0.3 [0.1]  48/48 48/48 
2016 5.5 6.0 920 tr(0.5) 0.8 [0.3]  48/48 48/48 
2017 8.2 8.2 690  tr(0.4) 1.0 [0.4] 47/47 47/47 
2019 5.1 5.3 85 nd 1.0 [0.4]  46/48 46/48 

1 2002  
2 2018  

 

 

-HCH 61 0.4pg/g-dry 61

1.3 2,600pg/g-dry  

2002 2019

 

-HCH 61 0.5pg/g-dry 61

4.0 4,100pg/g-dry  

2002 2019  

-HCH 61 0.4pg/g-dry 61

tr(0.6) 2,100pg/g-dry  

2003 2019

 

-HCH 61 0.2pg/g-dry 61

tr(0.2) 2,500pg/g-dry  

2003 2019

 

2002 2019 -HCH -HCH -HCH -HCH  
-HCH   

    [ ] 
   

  

 
(pg/g-dry) 

2002 150 170 8,200 2.0 1.2 [0.4]  189/189 63/63 
2003 160 170 9,500 2 2 [0.5]  186/186 62/62 
2004 160 180 5,700 tr(1.5) 2 [0.6]  189/189 63/63 
2005 140 160 7,000 3.4 1.7 [0.6]  189/189 63/63 
2006 140 160 4,300 tr(2) 5 [2]  192/192 64/64 
2007 140 150 12,000 tr(1.3) 1.8 [0.6]  192/192 64/64 
2008 140 190 5,200 nd 1.6 [0.6]  191/192 64/64 
2009 120 120 6,300 nd 1.1 [0.4]  191/192 64/64 
2010 140 140 3,700 3.1 2.0 [0.8]  64/64 64/64 
2011 120 140 5,100 1.6 1.5 [0.6]  64/64 64/64 
2012 100 100 3,900 tr(1.1) 1.6 [0.5]  63/63 63/63 
2013 94 98 3,200 tr(0.6) 1.5 [0.5]  63/63 63/63 
2014 84 93 4,300 nd 2.4 [0.8]  62/63 62/63 
2015 97 120 9,600 1.1 0.7 [0.3]  62/62 62/62 
2016 64 77 5,000 1.1 0.9 [0.3]  62/62 62/62 
2017 77 86 1,900  1.0  0.5 [0.2]  62/62 62/62 
2019 67 83 2,600 1.3 1.1 [0.4]  61/61 61/61 
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-HCH   
    [ ] 

   
  

 
(pg/g-dry) 

2002 230 230 11,000 3.9 0.9 [0.3]  189/189 63/63 
2003 250 220 39,000 5 2 [0.7]  186/186 62/62 
2004 240 230 53,000 4 3 [0.8]  189/189 63/63 
2005 200 220 13,000 3.9 2.6 [0.9]  189/189 63/63 
2006 190 210 21,000 2.3 1.3 [0.4]  192/192 64/64 
2007 200 190 59,000 1.6 0.9 [0.3]  192/192 64/64 
2008 190 200 8,900 2.8 0.8 [0.3]  192/192 64/64 
2009 180 170 10,000 2.4 1.3 [0.5]  192/192 64/64 
2010 230 210 8,200 11 2.4 [0.8]  64/64 64/64 
2011 180 210 14,000 3 3 [1]  64/64 64/64 
2012 160 170 8,300 3.7 1.5 [0.6]  63/63 63/63 
2013 160 170 6,900 4.5 0.4 [0.1]  63/63 63/63 
2014 140 140 7,200 2.9 0.9 [0.3]  63/63 63/63 
2015 160 170 5,900 2.5 0.8 [0.3]  62/62 62/62 
2016 130 160 6,000 3.7 0.9 [0.3]  62/62 62/62 
2017 140 110 3,400  5.7  1.5 [0.6]  62/62 62/62 
2019 130 110 4,100 4.0 1.2 [0.5]  61/61 61/61 

-HCH 
   

    [ ] 
   

  

 
(pg/g-dry) 

2003 51 47 4,000 tr(1.4) 2 [0.4]  186/186 62/62 
2004 53 48 4,100 tr(0.8) 2 [0.5]  189/189 63/63 
2005 49 46 6,400 tr(1.8) 2.0 [0.7]  189/189 63/63 
2006 48 49 3,500 tr(1.4) 2.1 [0.7]  192/192 64/64 
2007 42 41 5,200 tr(0.6) 1.2 [0.4]  192/192 64/64 
2008 40 43 2,200 tr(0.7) 0.9 [0.4]  192/192 64/64 
2009 38 43 3,800 nd 0.6 [0.2]  191/192 64/64 
2010 35 30 2,300 tr(1.5) 2.0 [0.7]  64/64 64/64 
2011 35 42 3,500 nd 3 [1]  62/64 62/64 
2012 30 29 3,500 nd 1.3 [0.4]  61/63 61/63 
2013 33 35 2,100 0.9 0.6 [0.2]  63/63 63/63 
2014 27 30 2,600 nd 2.7 [0.9]  61/63 61/63 
2015 29 35 2,800 tr(0.3) 0.5 [0.2]  62/62 62/62 
2016 20 25 3,100 tr(0.7) 0.8 [0.3]  62/62 62/62 
2017 23 25 1,900  tr(0.4) 1.0 [0.4]  62/62 62/62 
2019 23 27 2,100 tr(0.6) 1.0 [0.4]  61/61 61/61 

-HCH   
    [ ] 

   
  

 
(pg/g-dry) 

2003 42 46 5,400 nd 2 [0.7]  180/186 61/62 
2004 55 55 5,500 tr(0.5) 2 [0.5]  189/189 63/63 
2005 52 63 6,200 nd 1.0 [0.3]  188/189 63/63 
2006 45 47 6,000 nd 1.7 [0.6]  189/192 64/64 
2007 26 28 5,400 nd 5 [2]  165/192 60/64 
2008 41 53 3,300 nd 2 [1]  186/192 64/64 
2009 36 37 5,000 nd 1.2 [0.5]  190/192 64/64 
2010 39 40 3,800 1.3 1.2 [0.5]  64/64 64/64 
2011 37 47 5,000 nd 1.4 [0.5]  63/64 63/64 
2012 28 28 3,100 nd 0.8 [0.3]  62/63 62/63 
2013 31 29 2,500 0.4 0.3 [0.1]  63/63 63/63 
2014 27 26 3,900 0.4 0.4 [0.1]  63/63 63/63 
2015 27 28 2,900 tr(0.4) 0.5 [0.2]  62/62 62/62 
2016 20 24 6,100 nd 0.5 [0.2]  60/62 60/62 
2017 25 22 1,700  tr(0.2) 0.6 [0.2]  62/62 62/62 
2019 22 23 2,500 tr(0.2) 0.5 [0.2]  61/61 61/61 

1 2002 2009
 

2 2018  
 

 

-HCH 3 2pg/g-wet 3

4 14pg/g-wet 16

2pg/g-wet 16 12 130pg/g-wet

1 2pg/g-wet 63pg/g-wet  

2002 2019

 



 

 328  

-HCH 3 1pg/g-wet 3

11 33pg/g-wet 16

1pg/g-wet 16 3 400pg/g-wet

1 1pg/g-wet 950pg/g-wet  

2003 2019  

-HCH 3 1pg/g-wet

3 2 7pg/g-wet 16

1pg/g-wet 16 13 34pg/g-wet

1 1pg/g-wet

7pg/g-wet  

2003 2019

6 6

 

-HCH 3 2pg/g-wet 3

16 2pg/g-wet 16 6

5pg/g-wet 1

2pg/g-wet 4pg/g-wet  

2002 2019 -HCH -HCH -HCH
-HCH  

-HCH   
    [ ] 

   
  

 
(pg/g-wet) 

2002 67 64 1,100 12 4.2 [1.4]  38/38 8/8 
2003 45 30 610 9.9 1.8 [0.61]  30/30 6/6 
2004 56 25 1,800 tr(12) 13 [4.3]  31/31 7/7 
2005 38 25 1,100 tr(7.1) 11 [3.6]  31/31 7/7 
2006 30 21 390 6 3 [1]  31/31 7/7 
2007 31 17 1,400 8 7 [2]  31/31 7/7 
2008 26 16 380 7 6 [2]  31/31 7/7 
2009 45 21 2,200 9 5 [2]  31/31 7/7 
2010 35 20 730 13 3 [1]  6/6 6/6 
2011 64 33 1,200 13 3 [1]  4/4 4/4 
2012 23 12 340 4.0 3.7 [1.2]  5/5 5/5 
2013 30 25 690 6 3 [1]  5/5 5/5 
2014 16 16 39 7 3 [1]  3/3 3/3 
2015 11 15 25 3.5 3.0 [1.0]  3/3 3/3 
2016 13 20 22 5 3 [1]  3/3 3/3 
2017 15 16 32 6 3 [1] 3/3 3/3 
2019 9 12 14 4 4 [2]  3/3 3/3 

 
(pg/g-wet) 

2002 57 56 590 tr(1.9) 4.2 [1.4]  70/70 14/14 
2003 43 58 590 2.6 1.8 [0.61]  70/70 14/14 
2004 57 55 2,900 nd 13 [4.3]  63/70 14/14 
2005 42 43 1,000 nd 11 [3.6]  75/80 16/16 
2006 44 53 360 tr(2) 3 [1]  80/80 16/16 
2007 39 40 730 tr(2) 7 [2]  80/80 16/16 
2008 36 47 410 nd 6 [2]  84/85 17/17 
2009 39 32 830 tr(2) 5 [2]  90/90 18/18 
2010 27 39 250 tr(1) 3 [1]  18/18 18/18 
2011 37 54 690 tr(2) 3 [1]  18/18 18/18 
2012 24 32 170 nd 3.7 [1.2]  18/19 18/19 
2013 32 47 320 tr(2) 3 [1]  19/19 19/19 
2014 26 40 210 nd 3 [1]  18/19 18/19 
2015 18 26 180 tr(1.3) 3.0 [1.0]  19/19 19/19 
2016 15 17 81 nd 3 [1]  18/19 18/19 
2017 20 29 130 nd 3 [1] 18/19 18/19 
2019 8 8 130 nd 4 [2]  12/16 12/16 
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-HCH   
    [ ] 

   
  

 
(pg/g-wet) 

2002 170 130 360 93 4.2 [1.4]  10/10 2/2 
2003 73 74 230 30 1.8 [0.61]  10/10 2/2 
2004 190 80 1,600 58 13 [4.3]  10/10 2/2 
2005 76 77 85 67 11 [3.6]  10/10 2/2 
2006 76 75 100 55 3 [1]  10/10 2/2 
2007 75 59 210 43 7 [2]  10/10 2/2 
2008 48 48 61 32 6 [2]  10/10 2/2 
2009 43 42 56 34 5 [2]  10/10 2/2 
2010 260 --- 430 160 3 [1]  2/2 2/2 
2011 --- --- 48 48 3 [1]  1/1 1/1 
2012 35 --- 39 32 3.7 [1.2]  2/2 2/2 

2013  46 --- 130 16 3 [1]  2/2 2/2 
2014  61 --- 220 17 3 [1]  2/2 2/2 
2015  --- --- 13 13 3.0 [1.0]  1/1 1/1 
2016  63 --- 170 23 3 [1]  2/2 2/2 
2017  81 --- 930 7 3 [1] 2/2 2/2 
2019  --- --- 63 63 4 [2]  1/1 1/1 

-HCH   
    [ ] 

   
  

 
(pg/g-wet) 

2002 88 62 1,700 32 12 [4]  38/38 8/8 
2003 78 50 1,100 23 9.9 [3.3]  30/30 6/6 
2004 100 74 1,800 22 6.1 [2.0]  31/31 7/7 
2005 85 56 2,000 20 2.2 [0.75]  31/31 7/7 
2006 81 70 880 11 3 [1]  31/31 7/7 
2007 79 56 1,800 21 7 [3]  31/31 7/7 
2008 73 51 1,100 23 6 [2]  31/31 7/7 
2009 83 55 1,600 27 6 [2]  31/31 7/7 
2010 89 56 1,500 27 3 [1]  6/6 6/6 
2011 130 68 2,000 39 3 [1]  4/4 4/4 
2012 65 37 980 15 2.0 [0.8]  5/5 5/5 
2013 61 47 710 17 2.2 [0.8]  5/5 5/5 
2014 40 35 64 28 2.4 [0.9]  3/3 3/3 
2015 34 45 69 13 3.0 [1.0]  3/3 3/3 
2016 37 47 50 21 3 [1]  3/3 3/3 
2017 39 47 60 21 3 [1] 3/3 3/3 
2019 23 32 33 11 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2002 110 120 1,800 tr(5) 12 [4]  70/70 14/14 
2003 81 96 1,100 tr(3.5) 9.9 [3.3]  70/70 14/14 
2004 110 140 1,100 tr(3.9) 6.1 [2.0]  70/70 14/14 
2005 95 110 1,300 6.7 2.2 [0.75]  80/80 16/16 
2006 89 110 1,100 4 3 [1]  80/80 16/16 
2007 110 120 810 7 7 [3]  80/80 16/16 
2008 94 150 750 tr(4) 6 [2]  85/85 17/17 
2009 98 130 970 tr(5) 6 [2]  90/90 18/18 
2010 81 110 760 5 3 [1]  18/18 18/18 
2011 100 140 710 4 3 [1]  18/18 18/18 
2012 72 100 510 6.5 2.0 [0.8]  19/19 19/19 
2013 80 110 420 7.2 2.2 [0.8]  19/19 19/19 
2014 75 140 460 4.4 2.4 [0.9]  19/19 19/19 
2015 56 94 390 6.0 3.0 [1.0]  19/19 19/19 
2016 41 65 200 5 3 [1]  19/19 19/19 
2017 54 86 290 4 3 [1] 19/19 19/19 
2019 27 35 400 3 3 [1]  16/16 16/16 

 
(pg/g-wet) 

2002 3,000 3,000 7,300 1,600 12 [4]  10/10 2/2 
2003 3,400 3,900 5,900 1,800 9.9 [3.3]  10/10 2/2 
2004 2,300 2,100 4,800 1,100 6.1 [2.0]  10/10 2/2 
2005 2,500 2,800 6,000 930 2.2 [0.75]  10/10 2/2 
2006 2,100 2,400 4,200 1,100 3 [1]  10/10 2/2 
2007 2,000 1,900 3,200 1,400 7 [3]  10/10 2/2 
2008 2,400 2,000 5,600 1,300 6 [2]  10/10 2/2 
2009 1,600 1,400 4,200 870 6 [2]  10/10 2/2 
2010 1,600 --- 2,800 910 3 [1]  2/2 2/2 
2011 --- --- 4,500 4,500 3 [1]  1/1 1/1 
2012 1,400 --- 2,600 730 2.0 [0.8]  2/2 2/2 

2013  1,400 --- 3,000 610 2.2 [0.8]  2/2 2/2 
2014  290 --- 3,600 24 2.4 [0.9]  2/2 2/2 
2015  --- --- 57 57 3.0 [1.0]  1/1 1/1 
2016  1,400 --- 2,600 790 3 [1]  2/2 2/2 
2017  1,000 --- 3,500 300 3 [1] 2/2 2/2 
2019  --- --- 950 950 3 [1]  1/1 1/1 
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-HCH 
   

    [ ] 
   

  

 
(pg/g-wet) 

2003 19 18 130 5.2 3.3 [1.1]  30/30 6/6 
2004 tr(24) tr(16) 230 nd 31 [10]  28/31 7/7 
2005 23 13 370 tr(5.7) 8.4 [2.8]  31/31 7/7 
2006 18 12 140 7 4 [2]  31/31 7/7 
2007 16 10 450 tr(4) 9 [3]  31/31 7/7 
2008 12 10 98 tr(3) 9 [3]  31/31 7/7 
2009 14 12 89 tr(3) 7 [3]  31/31 7/7 
2010 14 9 150 5 3 [1]  6/6 6/6 
2011 26 17 320 5 3 [1]  4/4 4/4 
2012 8.1 3.5 68 3.0 2.3 [0.9]  5/5 5/5 
2013 7.2 3.9 31 tr(2.1) 2.4 [0.9]  5/5 5/5 
2014 7.4 4.8 18 4.6 2.2 [0.8]  3/3 3/3 
2015 7.3 7.8 14 tr(3.6) 4.8 [1.6]  3/3 3/3 
2016 6 5 11 4 3 [1]  3/3 3/3 
2017 4 3 11 tr(2) 3 [1] 3/3 3/3 
2019 tr(2) tr(2) 7 nd 4 [1]  2/3 2/3 

 
(pg/g-wet) 

2003 16 22 130 tr(1.7) 3.3 [1.1]  70/70 14/14 
2004 tr(28) tr(24) 660 nd 31 [10]  55/70 11/14 
2005 17 17 230 nd 8.4 [2.8]  78/80 16/16 
2006 19 22 97 tr(2) 4 [2]  80/80 16/16 
2007 15 15 190 nd 9 [3]  71/80 15/16 
2008 13 16 96 nd 9 [3]  70/85 15/17 
2009 14 12 180 nd 7 [3]  81/90 17/18 
2010 9 13 56 tr(1) 3 [1]  18/18 18/18 
2011 12 15 160 tr(1) 3 [1]  18/18 18/18 
2012 7.8 12 43 nd 2.3 [0.9]  18/19 18/19 
2013 8.6 12 81 nd 2.4 [0.9]  17/19 17/19 
2014 8.4 14 45 nd 2.2 [0.8]  16/19 16/19 
2015 6.1 7.9 42 nd 4.8 [1.6]  14/19 14/19 
2016 5 5 43 nd 3 [1]  18/19 18/19 
2017 6 9 30 nd 3 [1] 16/19 16/19 
2019 tr(3) tr(3) 34 nd 4 [1]  13/16 13/16 

 
(pg/g-wet) 

2003 14 19 40 3.7 3.3 [1.1]  10/10 2/2 
2004 64 tr(21) 1,200 tr(11) 31 [10]  10/10 2/2 
2005 18 20 32 9.6 8.4 [2.8]  10/10 2/2 
2006 16 17 29 8 4 [2]  10/10 2/2 
2007 21 14 140 tr(8) 9 [3]  10/10 2/2 
2008 12 14 19 tr(5) 9 [3]  10/10 2/2 
2009 11 11 21 tr(6) 7 [3]  10/10 2/2 
2010 10 --- 23 4 3 [1]  2/2 2/2 
2011 --- --- 26 26 3 [1]  1/1 1/1 
2012 11 --- 19 6.3 2.3 [0.9]  2/2 2/2 

2013  6.0 --- 24 tr(1.5) 2.4 [0.9]  2/2 2/2 
2014  10 --- 24 4.4 2.2 [0.8]  2/2 2/2 
2015  --- --- nd nd 4.8 [1.6]  0/1 0/1 
2016  5 --- 14 tr(2) 3 [1]  2/2 2/2 
2017  4 --- 20 tr(1) 3 [1] 2/2 2/2 
2019  --- --- 7 7 4 [1]  1/1 1/1 

-HCH   
    [ ] 

   
  

 
(pg/g-wet) 

2003 7.4 tr(2.6) 1,300 nd 3.9 [1.3]  29/30 6/6 
2004 6.3 tr(2.1) 1,500 nd 4.6 [1.5]  25/31 6/7 
2005 5.4 tr(2.1) 1,600 nd 5.1 [1.7]  23/31 6/7 
2006 6 tr(2) 890 tr(1) 3 [1]  31/31 7/7 
2007 4 nd 750 nd 4 [2]  12/31 4/7 
2008 tr(3) nd 610 nd 6 [2]  7/31 3/7 
2009 tr(4) nd 700 nd 5 [2]  14/31 4/7 
2010 4 tr(2) 870 nd 3 [1]  5/6 5/6 
2011 9 tr(2) 1,400 tr(1) 3 [1]  4/4 4/4 
2012 3 tr(1) 580 nd 3 [1]  3/5 3/5 
2013 3 tr(1) 230 nd 3 [1]  3/5 3/5 
2014 tr(1) tr(2) 3 nd 3 [1]  2/3 2/3 
2015 nd nd tr(1.5) nd 2.1 [0.8]  1/3 1/3 
2016 tr(1) tr(1) tr(2) tr(1) 3 [1]  3/3 3/3 
2017 tr(1.7) tr(1.6) 3.0 tr(1.0) 2.3 [0.9] 3/3 3/3 
2019 nd nd nd nd 4 [2]  0/3 0/3 

 
(pg/g-wet) 

2003 tr(3.6) 4.0 16 nd 3.9 [1.3]  59/70 13/14 
2004 tr(4.2) tr(3.5) 270 nd 4.6 [1.5]  54/70 11/14 
2005 tr(3.2) tr(3.1) 32 nd 5.1 [1.7]  55/80 12/16 
2006 4 3 35 nd 3 [1]  72/80 16/16 
2007 tr(3) tr(2) 31 nd 4 [2]  42/80 10/16 
2008 tr(4) tr(3) 77 nd 6 [2]  54/85 12/17 
2009 tr(3) tr(3) 18 nd 5 [2]  57/90 13/18 
2010 tr(2) tr(2) 36 nd 3 [1]  13/18 13/18 
2011 3 4 19 nd 3 [1]  14/18 14/18 
2012 tr(2) tr(2) 12 nd 3 [1]  14/19 14/19 
2013 3 tr(2) 40 nd 3 [1]  14/19 14/19 
2014 tr(2) tr(2) 23 nd 3 [1]  14/19 14/19 
2015 tr(1.7) tr(1.8) 17 nd 2.1 [0.8]  12/19 12/19 
2016 tr(2) tr(2) 10 nd 3 [1]  17/19 17/19 
2017 2.4 2.4 23 nd 2.3 [0.9] 15/19 15/19 
2019 nd nd 5 nd 4 [2]  6/16 6/16 
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-HCH   
    [ ] 

   
  

 
(pg/g-wet) 

2003 19 18 31 12 3.9 [1.3]  10/10 2/2 
2004 30 14 260 6.4 4.6 [1.5]  10/10 2/2 
2005 16 15 30 10 5.1 [1.7]  10/10 2/2 
2006 13 12 21 9 3 [1]  10/10 2/2 
2007 12 10 22 4 4 [2]  10/10 2/2 
2008 9 8 31 tr(3) 6 [2]  10/10 2/2 
2009 5 6 9 tr(3) 5 [2]  10/10 2/2 
2010 12 --- 13 11 3 [1]  2/2 2/2 
2011 --- --- 5 5 3 [1]  1/1 1/1 
2012 4 --- 7 tr(2) 3 [1]  2/2 2/2 

2013  3 --- 4 tr(2) 3 [1]  2/2 2/2 
2014  tr(2) --- 3 tr(1) 3 [1]  2/2 2/2 
2015  --- --- nd nd 2.1 [0.8]  0/1 0/1 
2016  tr(1) --- tr(2) tr(1) 3 [1]  2/2 2/2 
2017  nd --- tr(1.0) nd 2.3 [0.9] 1/2 1/2 
2019  --- --- 4 4 4 [2]  1/1 1/1 

1 2002 2009
 

2 2013 2012
 

3 2018  
 

 

-HCH 36 0.05pg/m3 36

6.3 230pg/m3  

2009 2019  

-HCH 36 0.02pg/m3 36

0.38 29pg/m3  

2009 2019  

-HCH 36 0.05pg/m3 36

0.88 49pg/m3  

2009 2019  

-HCH 36 0.02pg/m3 36

tr(0.02) 19pg/m3  

HCH 2003 2008 HCH

HCH

 

2009 2019 -HCH -HCH -HCH -HCH  

-HCH   
    [ ] 

   
  

 
(pg/m3) 

2009  58 58 340 19 0.12 [0.05]  37/37 37/37 
2009  21 18 400 7.8  37/37 37/37 
2010  46 51 280 14 1.4 [0.47]  37/37 37/37 
2010  19 16 410 6.8  37/37 37/37 
2011  43 44 410 9.5 2.5 [0.83]  35/35 35/35 
2011  18 15 680 6.5  37/37 37/37 
2012  37 37 250 15 2.1 [0.7]  36/36 36/36 
2012  12 11 120 4.4  36/36 36/36 
2013  36 39 220 13 5.2 [1.7]  36/36 36/36 
2013  10 8.8 75 tr(3.9)  36/36 36/36 
2014  44 40 650 14 0.19 [0.06]  36/36 36/36 
2015  33 32 300 8.8 0.17 [0.06]  35/35 35/35 
2016  39 35 520 5.4 0.17 [0.07]  37/37 37/37 
2017  36 37 700 4.9 0.08 [0.03] 37/37 37/37 
2019  21 21 230 6.3 0.12 [0.05] 36/36 36/36 
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-HCH   
    [ ] 

   
  

 
(pg/m3) 

2009  5.6 5.6 28 0.96 0.09 [0.03]  37/37 37/37 
2009  1.8 1.8 24 0.31  37/37 37/37 
2010  5.6 6.2 34 0.89 

0.27 [0.09] 
 37/37 37/37 

2010  1.7 1.7 29 tr(0.26)  37/37 37/37 
2011  5.0 5.2 49 0.84 0.39 [0.13]  35/35 35/35 
2011  1.7 1.7 91 tr(0.31)  37/37 37/37 
2012  5.0 5.5 32 0.65 0.36 [0.12]  36/36 36/36 
2012  0.93 1.1 8.5 tr(0.26)  36/36 36/36 
2013  4.7 5.7 37 0.66 

0.21 [0.07] 
 36/36 36/36 

2013  0.97 0.95 6.7 tr(0.17)  36/36 36/36 
2014  5.4 6.8 74 0.57 0.24 [0.08]  36/36 36/36 
2015  3.0 3.0 34 0.36 0.25 [0.08]  35/35 35/35 
2016  4.8 5.6 64 0.3 0.3 [0.1]  37/37 37/37 
2017  4.1 5.1 59 0.67 0.11 [0.04] 37/37 37/37 
2019  2.3 2.4 29 0.38 0.06 [0.02] 36/36 36/36 

-HCH 
   

    [ ] 
   

  

 
(pg/m3) 

2009  17 19 65 2.9 
0.06 [0.02] 

 37/37 37/37 
2009  5.6 4.6 55 1.5  37/37 37/37 
2010  14 16 66 2.3 0.35 [0.12]  37/37 37/37 
2010  4.8 4.4 60 1.1  37/37 37/37 
2011  14 17 98 2.7 1.6 [0.52]  35/35 35/35 
2011  5.1 4.8 67 tr(1.1)  37/37 37/37 
2012  13 15 55 2.3 

0.95 [0.32] 
 36/36 36/36 

2012  3.1 3.2 19 tr(0.63)  36/36 36/36 
2013  12 14 58 tr(2.0) 

2.2 [0.7] 
 36/36 36/36 

2013  2.8 3.0 12 nd  34/36 34/36 
2014  14 16 100 1.7 0.17 [0.06]  36/36 36/36 
2015  8.3 10 51 1.4 0.19 [0.06]  35/35 35/35 
2016  12 13 89 0.79 0.18 [0.07]  37/37 37/37 
2017  10 11 93 0.84 0.10 [0.04] 37/37 37/37 
2019  6.4 7.0 49 0.88 0.12 [0.05] 36/36 36/36 

-HCH   
    [ ] 

   
  

 
(pg/m3) 

2009  1.3 1.3 21 0.09 0.04 [0.02]  37/37 37/37 
2009  0.36 0.33 20 0.04  37/37 37/37 
2010  1.4 1.3 25 0.11 0.05 [0.02]  37/37 37/37 
2010  0.38 0.35 22 0.05  37/37 37/37 
2011  1.1 1.1 33 0.11 

0.063 [0.021]  35/35 35/35 
2011  0.35 0.34 26 tr(0.050)  37/37 37/37 
2012  1.0 1.3 20 tr(0.06) 

0.07 [0.03]  36/36 36/36 
2012  0.18 0.19 7.3 nd  35/36 35/36 
2013  1.0 1.1 20 tr(0.05) 0.08 [0.03]  36/36 36/36 
2013  0.17 0.17 5.3 nd  34/36 34/36 
2014  1.2 1.3 50 tr(0.07) 0.19 [0.06]  36/36 36/36 
2015  0.55 0.71 22 nd 0.15 [0.05]  32/35 32/35 
2016  1.0 1.2 46 nd 0.20 [0.08]  35/37 35/37 
2017  0.80 0.92 46 nd 0.08 [0.03] 36/37 36/37 
2019  0.46 0.51 19 tr(0.02) 0.04 [0.02] 36/36 36/36 

2003 2008 HCH HCH
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1 2002  
2 2018  

3-11-1-1 -HCH  

 

 

 
1 2002 2009

 
2 2018  

3-11-1-2 -HCH   

0

40

80

120

160

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[11-1] -HCH

[ ] (pg/L)
2002 0.9 [0.3]
2003 3 [0.9]
2004 6 [2]
2005 4 [1] 
2006 3 [1] 
2007 1.9 [0.6]
2008 4 [2]
2009 1.2 [0.4]
2010 4 [1]
2011 7 [3] 
2012 1.4 [0.5] 
2013 7 [2] 
2014 4.5 [1.5]
2015 1.2 [0.4]
2016 1.1 [0.4]
2017 0.9 [0.4]
2019 4 [2]

0

50

100

150

200

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[11-1] -HCH

[ ] (pg/g-dry)
2002 1.2 [0.4]
2003 2 [0.5]
2004 2 [0.6]
2005 1.7 [0.6]
2006 5 [2]
2007 1.8 [0.6]
2008 1.6 [0.6]
2009 1.1 [0.4]
2010 2.0 [0.8]
2011 1.5 [0.6] 
2012 1.6 [0.5] 
2013 1.5 [0.5] 
2014 2.4 [0.8]
2015 0.7 [0.3]
2016 0.9 [0.3]
2017 0.5 [0.2]
2019 1.1 [0.4]
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1 2002 2009

 
2 2013 2012

 
3 2018  

3-11-1-3 -HCH  

 

 
1 2002 2018  
2 2002 2008 2003 2008

 

3-11-1-4 -HCH   

0

20

40

60

80

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[11-1] -HCH

[ ] (pg/g-wet)
2002 4.2 [1.4]
2003 1.8 [0.61]
2004 13 [4.3]
2005 11 [3.6]
2006 3 [1]
2007 7 [2]
2008 6 [2]
2009 5 [2]
2010 3 [1]
2011 3 [1] 
2012 3.7 [1.2] 
2013 3 [1] 
2014 3 [1]
2015 3.0 [1.0]
2016 3 [1]
2017 3 [1]
2019 4 [2]

0

10

20

30

40

50

60

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[11-1] -HCH

[ ] (pg/m3)
2009 0.12 [0.05]
2010 1.4 [0.47] 
2011 2.5 [0.83]
2012 2.1 [0.7]
2013 5.2 [1.7]
2014 0.19 [0.16]
2015 0.17 [0.06]
2016 0.17 [0.07]
2017 0.08 [0.03]
2019 0.12 [0.05]
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1 2002  
2 2018  

3-11-2-1 -HCH  

 

 

 
1 2002 2009

 
2 2018  

3-11-2-2 -HCH   

0

50

100

150

200

250

300

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[11-2] -HCH

[ ] (pg/L)
2002 0.9 [0.3]
2003 3 [0.7]
2004 4 [2]
2005 2.6 [0.9] 
2006 1.7 [0.6]
2007 2.7 [0.9] 
2008 1.0 [0.4]
2009 0.6 [0.2]
2010 2.0 [0.7]
2011 2.0 [0.8] 
2012 1.4 [0.5] 
2013 7 [2] 
2014 1.0 [0.4]
2015 1.2 [0.4]
2016 1.2 [0.4]
2017 1.8 [0.7]
2019 3 [1]

0

50

100

150

200

250

300

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[11-2] -HCH

[ ] (pg/g-dry)
2002 0.9 [0.3]
2003 2 [0.7]
2004 3 [0.8]
2005 2.6 [0.9]
2006 1.3 [0.4]
2007 0.9 [0.3]
2008 0.8 [0.3]
2009 1.3 [0.5]
2010 2.4 [0.8]
2011 3 [1] 
2012 1.5 [0.6] 
2013 0.4 [0.1]
2014 0.9 [0.3]
2015 0.8 [0.3]
2016 0.9 [0.3]
2017 1.5 [0.6]
2019 1.2 [0.5]
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1 2002 2009

 
2 2013 2012

 
3 2018  

3-11-2-3 -HCH  

 

 
1 2002 2018  
2 2002 2008 2003 2008

 

3-11-2-4 -HCH   

0

20

40

60

80

100

120

140

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[11-2] -HCH

[ ] (pg/g-wet)
2002 12 [4]
2003 9.9 [3.3]
2004 6.1 [2.0]
2005 2.2 [0.75]
2006 3 [1]
2007 7 [3]
2008 6 [2]
2009 6 [2]
2010 3 [1]
2011 3 [1] 
2012 2.0 [0.8] 
2013 2.2 [0.8]
2014 2.4 [0.9]
2015 3.0 [1.0]
2016 3 [1]
2017 3 [1]
2019 3 [1]

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[11-2] -HCH

[ ] (pg/m3)
2009 0.09 [0.03]
2010 0.27 [0.09]
2011 0.39 [0.13]
2012 0.36 [0.12]
2013 0.21 [0.07]
2014 0.24 [0.08]
2015 0.25 [0.08]
2016 0.3 [0.1]
2017 0.11 [0.04]
2019 0.06 [0.02]
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2002 2018  

3-11-3-1 -HCH  

 

 

 
1 2003 2009

 
2 2002 2018  

3-11-3-2 -HCH   

0

20

40

60

80

100

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[11-3] -HCH

[ ] (pg/L)
2003 7 [2]
2004 20 [7]
2005 14 [5] 
2006 18 [6]
2007 2.1 [0.7] 
2008 3 [1]
2009 0.6 [0.2]
2010 6 [2]
2011 3 [1] 
2012 1.3 [0.4] 
2013 2.7 [0.8] 
2014 1.2 [0.4]
2015 0.9 [0.3]
2016 0.8 [0.3]
2017 1.4 [0.5]
2019 4 [2]

0

10

20

30

40

50

60

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[11-3] -HCH

[ ] (pg/g-dry)
2003 2 [0.4]
2004 2 [0.5]
2005 2.0 [0.7]
2006 2.1 [0.7]
2007 1.2 [0.4]
2008 0.9 [0.4]
2009 0.6 [0.2]
2010 2.0 [0.7]
2011 3 [1] 
2012 1.3 [0.4] 
2013 0.6 [0.2] 
2014 2.7 [0.9]
2015 0.5 [0.2]
2016 0.8 [0.3]
2017 1.0 [0.4]
2019 1.0 [0.4]
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1 2003 2009

 
2 2013 2012

 
3 2002 2018  

3-11-3-3 -HCH  
 

 
1 2002 2018  
2 2002 2008 2003 2008

 

3-11-3-4 -HCH   

0

5

10

15

20

25

30

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[11-3] -HCH

[ ] (pg/g-wet)
2003 3.3 [1.1]
2004 31 [10]
2005 8.4 [2.8]
2006 4 [2]
2007 9 [3]
2008 9 [3]
2009 7 [3]
2010 3 [1]
2011 3 [1] 
2012 2.3 [0.9] 
2013 2.4 [0.9] 
2014 2.2 [0.8]
2015 4.8 [1.6]
2016 3 [1]
2017 3 [1]
2019 4 [1]

0

5

10

15

20

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[11-3] -HCH

[ ] (pg/m3)
2009 0.06 [0.02]
2010 0.35 [0.12]
2011 1.6 [0.52]
2012 0.95 [0.32]
2013 2.2[0.7]
2014 0.17 [0.06]
2015 0.19 [0.06]
2016 0.18 [0.07]
2017 0.10 [0.04]
2019 0.12 [0.05]
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2002 2018  

3-11-4-1 -HCH  

 

 

 
1 2003 2009

 
2 2002 2018  

3-11-4-2 -HCH   

0

5

10

15

20

25

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[11-4] -HCH

[ ] (pg/L)
2003 2 [0.5]
2004 2 [0.7]
2005 1.5 [0.5] 
2006 2.0 [0.8]
2007 1.2 [0.4] 
2008 2.3 [0.9]
2009 0.9 [0.4]
2010 0.8 [0.3]
2011 0.4 [0.2] 
2012 1.1 [0.4] 
2013 1.1 [0.4]
2014 0.4 [0.2] 
2015 0.3 [0.1]
2016 0.8 [0.3]
2017 1.0 [0.4]
2019 1.0 [0.4]

0

10

20

30

40

50

60

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[11-4] -HCH

[ ] (pg/g-dry)
2003 2 [0.7]
2004 2 [0.5]
2005 1.0 [0.3]
2006 1.7 [0.6]
2007 5 [2]
2008 2 [1]
2009 1.2 [0.5]
2010 1.2 [0.5]
2011 1.4 [0.5] 
2012 0.8 [0.3] 
2013 0.3 [0.1] 
2014 0.4 [0.1]
2015 0.5 [0.2]
2016 0.5 [0.2]
2017 0.6 [0.2]
2019 0.5 [0.2]
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1 2003 2009

 
2 2013 2012

 
3 2002 2018  
4 2015 2019

1/2  

3-11-4-3 -HCH  

 
1 2002 2018  
2 2002 2008 2003 2008

 

3-11-4-4 -HCH   

0

2

4

6

8

10

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[11-4] -HCH

[ ] (pg/g-wet)
2003 3.9 [1.3]
2004 4.6 [1.5]
2005 5.1 [1.7]
2006 3 [1]
2007 4 [2]
2008 6 [2]
2009 5 [2]
2010 3 [1]
2011 3 [1] 
2012 3 [1] 
2013 3 [1] 
2014 3 [1]
2015 2.1 [0.8]
2016 3 [1]
2017 2.3 [0.9]
2019 4 [2]

0

0.4

0.8

1.2

1.6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[11-4] -HCH

[ ] (pg/m3)
2009 0.04 [0.02]
2009 0.05 [0.02]
2011 0.063 [0.021]
2012 0.07 [0.03]
2013 0.08 [0.03]
2014 0.19 [0.06]
2015 0.15 [0.05]
2016 0.20 [0.08]
2017 0.08 [0.03]
2019 0.04 [0.02]
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[12]  

 

2009 5 POPs 4 COP4

2010 4  

2008 2002

2003  

2002 2008

2010 2011  

2012 2018 2011

 

 

2011  

 

2008 2011  
   

    [ ] 
   

  

 
(pg/L) 

2008 nd nd 0.76 nd 0.14 [0.05]  13/46 13/46 
2010 tr(0.04) nd 1.6 nd 0.09 [0.04]  13/49 13/49 
2011 nd nd 0.70 nd 0.20 [0.05]  15/49 15/49 

2009  
 

 

2008 2011  
   

    [ ] 
   

  

 
(pg/g-dry) 

2008 nd nd 5.8 nd 0.42 [0.16]  23/129 10/49 
2010 nd nd 2.8 nd 0.4 [0.2]  9/64 9/64 
2011 nd nd 1.5 nd 0.40 [0.20]  9/64 9/64 

1 2008  
2 2009  

 

 

2008 2011  
   

    [ ] 
   

  
 

(pg/g-wet) 
2008 nd nd nd nd 5.6 [2.2]  0/31 0/7 
2010 nd nd nd nd 5.9 [2.3]  0/6 0/6 
2011 nd nd nd nd 0.5 [0.2]  0/4 0/4 

 
(pg/g-wet) 

2008 nd nd nd nd 5.6 [2.2]  0/85 0/17 
2010 nd nd nd nd 5.9 [2.3]  0/18 0/18 
2011 nd nd nd nd 0.5 [0.2]  0/18 0/18 

 
(pg/g-wet) 

2008 nd nd nd nd 5.6 [2.2]  0/10 0/2 
2010 nd --- nd nd 5.9 [2.3]  0/2 0/2 
2011 --- --- nd nd 0.5 [0.2]  0/1 0/1 

1 2008  
2 2009  
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2010 2011  
   

    [ ] 
   

  

 
(pg/m3) 

2010  nd nd nd nd 0.04 [0.02]  0/37 0/37 
2010  nd nd nd nd  0/37 0/37 
2011  nd nd nd nd 0.04 [0.02]  0/35 0/35 
2011  nd nd nd nd  0/37 0/37 
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[13]  

 

2009 5

POPs 4 COP4 2010

4  

2009 2001

1989 2002

2003 2004

 

2002 2009

2010 2011 2015

 

2016 2018 2015

 

 

2015  

 

2009 2011  
 
   

    [ ] 
   

  

 
(pg/L) 

2009 nd nd nd nd 5.7 [2.2]  0/49 0/49 
2010 nd nd nd nd 3 [1]  0/49 0/49 
2011 nd nd nd nd 2.2 [0.9]  0/49 0/49 

2009 2011 [ ] [ ]  
 

 

2009 2015  
 
   

    [ ] 
   

  

 
(pg/g-dry) 

2009 nd nd 12 nd 1.1 [0.40]  45/190 21/64 
2010 nd nd 18 nd 1.5 [0.6]  10/64 10/64 
2011 nd nd 6.3 nd 3.6 [1.4]  8/64 8/64 
2015 nd nd 15 nd 0.8 [0.3]  9/62 9/62 

1 2009  
2 2009 2011 [ ] [ ]  
3 2012 2014  

 

 

2009 2015
 

 
   

    [ ] 
   

  

 
(pg/g-wet) 

2009 nd nd tr(0.53) nd 1.3 [0.43]  1/31 1/7 
2010 nd nd nd nd 24 [10]  0/6 0/6 
2011 nd nd nd nd 3 [1]  0/4 0/4 
2015 nd nd nd nd 14 [5]  0/3 0/3 

 
(pg/g-wet) 

2009 tr(0.49) tr(0.43) 6.0 nd 1.3 [0.43]  46/90 12/18 
2010 nd nd nd nd 24 [10]  0/18 0/18 
2011 nd nd 3 nd 3 [1]  5/18 5/18 
2015 nd nd nd nd 14 [5]  0/19 0/19 
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    [ ] 
   

  

 
(pg/g-wet) 

2009 1.6 1.6 2.1 tr(1.2) 1.3 [0.43]  10/10 2/2 
2010 nd --- nd nd 24 [10]  0/2 0/2 
2011 --- --- 3 3 3 [1]  1/1 1/1 

2015  --- --- nd nd 14 [5]  0/1 0/1 
1 2009  
2 2009 2010 [ ] [ ]  
3 2015 2011

 
4 2012 2014  

 

 

2010 2015  
 
   

    [ ] 
   

  

 
(pg/m3) 

2010  nd nd nd nd 0.3 [0.1]  0/37 0/37 
2010  nd nd nd nd  0/37 0/37 
2011  nd nd nd nd 0.3 [0.1]  0/35 0/35 
2011  nd nd nd nd  0/37 0/37 
2015  nd nd 1.1 nd 0.06 [0.02]  2/35 2/35 

2012 2014  
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[14] 4 10  

 

2009 5

POPs 4 COP4

2010

4 2017 4 5 POPs

8 COP8

2018 4  

2008 2001

1977 10 1987 1988

6 8 10 1996 10

2001 1 7 2002

2002 10

2003 6 8 10

2004 5 1 7

2005 1 2 3 4 5 6 7 9 10

 

2002 4 10 2008

2009 2010 2012 2014

2019  

 

 

 

48 4pg/L 48

39 320pg/L  

2009 2019

 

48 2pg/L 48

19 69pg/L  

2009 2019

 

48 1pg/L 48

5 8pg/L  

2009 2019

 

48 2pg/L 48
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2 6pg/L  

2009 2019

 

48 1pg/L 48

12 14pg/L  

2009 2019

 

48 3pg/L 48

27 150pg/L  

48 6pg/L 48

tr(10) 2,200pg/L  

2009 2019 4 10
 

   
    [ ] 

   
  

 
(pg/L) 

2009 17 16 160 nd 8 [3]  44/49 44/49 
2010 nd nd 390 nd 9 [3]  17/49 17/49 
2011 11 10 180 nd 4 [2]  48/49 48/49 
2012 tr(3) tr(3) 22 nd 4 [1]  47/48 47/48 
2014 tr(6) tr(6) 51 tr(4) 8 [3]  48/48 48/48 
2015 4.3 4.1 40 tr(1.2) 3.6 [1.2]  48/48 48/48 
2016 5 tr(5) 47 tr(3) 5 [2]  48/48 48/48 
2017 tr(4) tr(4) 12  nd 9 [3] 44/47 44/47 
2018 nd nd 72 nd 13 [5] 22/47 22/47 
2019 tr(6) tr(6) 320 nd 11 [4]  39/48 39/48 

   
    [ ] 

   
  

 
(pg/L) 

2009 11 12 87 nd 11 [4]  43/49 43/49 
2010 tr(1) tr(1) 130 nd 3 [1]  25/49 25/49 
2011 5 4 180 nd 3 [1]  48/49 48/49 
2012 tr(1) tr(1) 20 nd 2 [1]  32/48 32/48 
2014 nd nd 39 nd 4 [2]  19/48 19/48 
2015 tr(3.0) tr(3.2) 31 nd 6.3 [2.1]  34/48 34/48 
2016 tr(1.5) tr(1.3) 36 nd 2.4 [0.9]  39/48 39/48 
2017 nd tr(1) 8  nd 3 [1] 24/47 24/47 
2018 nd nd 110 nd 9 [3] 13/47 13/47 
2019 nd nd 69 nd 6 [2]  19/48 19/48 

   
    [ ] 

   
  

 
(pg/L) 

2009 tr(0.9) tr(0.7) 18 nd 1.4 [0.6]  26/49 26/49 
2010 nd nd 51 nd 4 [2]  16/49 16/49 
2011 tr(1) nd 39 nd 3 [1]  21/49 21/49 
2012 nd nd 7 nd 3 [1]  6/48 6/48 
2014 nd nd 8 nd 4 [1]  10/48 10/48 
2015 nd nd 12 nd 1.5 [0.6]  5/48 5/48 
2016 nd nd 9.1 nd 2.1 [0.8]  9/48 9/48 
2017 nd nd tr(6) nd 7 [3] 1/47 1/47 
2018 nd nd 54 nd 3 [1] 15/47 15/47 
2019 nd nd 8 nd 2 [1]  5/48 5/48 
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    [ ] 

   
  

 
(pg/L) 

2009 nd nd 40 nd 4 [2]  9/49 9/49 
2010 nd nd 14 nd 3 [1]  17/49 17/49 
2011 nd nd 14 nd 6 [2]  14/49 14/49 
2012 nd nd 10 nd 4 [1]  9/48 9/48 
2014 nd nd 8 nd 8 [3]  3/48 3/48 
2015 nd nd 28 nd 2.0 [0.8]  9/48 9/48 
2016 nd nd 11 nd 7 [3]  10/48 10/48 
2017 nd nd 30  nd 14 [5] 1/47 1/47 
2018 nd nd 65 nd 8 [3] 3/47 3/47 
2019 nd nd 6 nd 4 [2]  2/48 2/48 

   
    [ ] 

   
  

 
(pg/L) 

2009 3.0 3.9 56 nd 1.4 [0.6]  37/49 37/49 
2010 tr(2) tr(2) 69 nd 3 [1]  40/49 40/49 
2011 4 3 98 nd 2 [1]  44/49 44/49 
2012 tr(2) nd 35 nd 4 [2]  16/48 16/48 
2014 2.5 3.7 38 nd 1.6 [0.6]  33/48 33/48 
2015 2.3 3.1 36 nd 1.5 [0.6]  31/48 31/48 
2016 5.8 7.5 230 nd 0.8 [0.3]  44/48 44/48 
2017 tr(2) nd 33  nd 2 [1] 22/47 22/47 
2018 tr(2) tr(1) 69   nd 3 [1] 35/47 35/47 
2019 nd nd 14 nd 3 [1]  12/48 12/48 

   
    [ ] 

   
  

 
(pg/L) 

2009 tr(46) tr(38) 500 nd 91 [30]  32/49 32/49 
2010 tr(17) tr(13) 620 nd 21 [7]  39/49 39/49 
2011 33 24 920 nd 10 [4]  47/49 47/49 
2012 tr(21) tr(19) 320 nd 40 [13]  30/48 30/48 
2014 37 38 590 nd 6 [2]  47/48 47/48 
2015 36 33 330 nd 6 [2]  47/48 47/48 
2016 43 45 3,900 tr(2) 4 [1]  48/48 48/48 
2017 17 26 460  nd 7 [3] 37/47 37/47 
2018 12 12 170  nd 6 [2] 46/47 46/47 
2019 tr(7) 8 150 nd 8 [3]  27/48 27/48 

   
    [ ] 

   
  

 
(pg/L) 

2009 tr(310) tr(220) 3,400 nd 600 [200]  26/49 26/49 
2010 tr(250) tr(200) 13,000 nd 300 [100]  31/49 31/49 
2011 200 140 58,000 nd 60 [20]  45/49 45/49 
2012 tr(400) tr(320) 12,000 nd 660 [220]  31/48 31/48 
2014 200 230 5,600 tr(14) 22 [9]  48/48 48/48 
2015 720 570 13,000 140 18 [7]  48/48 48/48 
2016 210 160 34,000 tr(12) 14 [6]  48/48 48/48 
2017 150 210 4,100  nd 24 [8] 46/47 46/47 
2018 120 110 2,700 12 11 [4] 47/47 47/47 
2019 110 99 2,200 tr(10) 14 [6]  48/48 48/48 

2013  
 

 

61 2pg/g-dry

61 58 710pg/g-dry  

2009 2019

 

61 1pg/g-dry

61 52 740pg/g-dry  

2009 2019

 

61 2pg/g-dry
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61 41 690pg/g-dry  

2009 2019

 

61 3pg/g-dry

61 39 1,400pg/g-dry  

2009 2019

 

61 1pg/g-dry

61 50 2,000pg/g-dry  

2009 2019

 

61 2pg/g-dry

61 59 40,000pg/g-dry  

61 2pg/g-dry 61

14 560,000pg/g-dry  

2009 2019 4 10
 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 tr(60) tr(44) 1,400 nd 69 [23]  131/192 51/64 
2010 35 38 910 nd 6 [2]  57/64 57/64 
2011 32 30 2,600 nd 30 [10]  47/64 47/64 
2012 27 37 4,500 nd 2 [1]  60/63 60/63 
2014 tr(24) tr(19) 550 nd 27 [9]  44/63 44/63 
2015 30 28 1,400 nd 21 [7]  44/62 44/62 
2016 tr(21) tr(16) 390 nd 33 [11]  35/62 35/62 
2017 13 10 570  nd 9 [4] 44/62 44/62 
2018 21 tr(16) 3,100   nd 18 [6] 43/61 43/61 
2019 15 14 710 nd 5 [2]  58/61 58/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 36 24 1,700 nd 24 [8]  146/192 57/64 
2010 26 23 740 nd 5 [2]  58/64 58/64 
2011 24 18 4,700 nd 5 [2]  62/64 62/64 
2012 21 21 2,900 nd 2.4 [0.9]  62/63 62/63 
2014 16 14 570 nd 6 [2]  53/63 53/63 
2015 23 20 1,300 nd 18 [6]  44/62 44/62 
2016 13 tr(10) 400 nd 12 [4]  46/62 46/62 
2017 10 tr(5.5) 560  nd 9 [4] 37/62 37/62 
2018 19 24 2,800   nd 4 [2] 53/61 53/61 
2019 9 9 740 nd 3 [1]  52/61 52/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 21 21 2,600 nd 5 [2]  139/192 53/64 
2010 23 23 770 nd 4 [2]  57/64 57/64 
2011 31 42 2,000 nd 9 [3]  52/64 52/64 
2012 15 19 1,700 nd 3 [1]  48/63 48/63 
2014 21 27 730 nd 5 [2]  50/63 50/63 
2015 11 15 820 nd 3 [1]  42/62 42/62 
2016 17 19 600 nd 8 [3]  40/62 40/62 
2017 16 24 570  nd 6 [2] 44/62 44/62 
2018 29 37 1,300 nd 3 [1] 52/61 52/61 
2019 14 17 690 nd 4 [2]  41/61 41/61 
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    [ ] 

   
  

 
(pg/g-dry) 

2009 30 25 16,000 nd 9 [4]  125/192 51/64 
2010 28 18 930 nd 4 [2]  58/64 58/64 
2011 29 32 2,400 nd 7 [3]  55/64 55/64 
2012 34 32 4,400 nd 4 [2]  48/63 48/63 
2014 19 tr(14) 680 nd 16 [6]  41/63 41/63 
2015 16 21 1,800 nd 3 [1]  44/62 44/62 
2016 16 17 1,100 nd 6 [2]  44/62 44/62 
2017 18 16 580  nd 15 [6] 36/62 36/62 
2018 44 48 1,900   nd 14 [5] 46/61 46/61 
2019 15 11 1,400 nd 6 [3]  39/61 39/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 210 96 110,000 nd 1.2 [0.5]  182/192 63/64 
2010 71 76 1,800 nd 10 [4]  60/64 60/64 
2011 57 64 36,000 nd 10 [4]  55/64 55/64 
2012 78 74 15,000 nd 19 [6]  47/63 47/63 
2014 52 58 2,000 nd 12 [4]  55/63 55/63 
2015 58 tr(44) 1,400 nd 48 [16]  41/62 41/62 
2016 51 49 1,400 nd 6 [2]  55/62 55/62 
2017 38 58 1,900  nd 5 [2] 48/62 48/62 
2018 100 140 5,500 nd 1.2 [0.5] 57/61 57/61 
2019 33 47 2,000 nd 3 [1]  50/61 50/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 1,100 710 230,000 nd 9 [4]  181/192 64/64 
2010 360 430 26,000 nd 24 [9]  60/64 60/64 
2011 710 630 70,000 nd 23 [9]  62/64 62/64 
2012 360 380 84,000 nd 34 [11]  52/63 52/63 
2014 470 470 42,000 nd 60 [20]  60/63 60/63 
2015 300 420 11,000 nd 24 [8]  55/62 55/62 
2016 430 390 26,000 nd 27 [9]  60/62 60/62 
2017 400 490 29,000  nd 15 [5] 61/62 61/62 
2018 690 770 56,000   nd 5 [2] 60/61 60/61 
2019 310 420 40,000 nd 5 [2]  59/61 59/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2009 6,000 4,800 880,000 tr(30) 60 [20]  192/192 64/64 
2010 5,100 4,200 700,000 nd 220 [80]  60/64 60/64 
2011 4,200 4,700 700,000 nd 40 [20]  62/64 62/64 
2012 5,700 6,300 760,000 nd 270 [89]  60/63 60/63 
2014 5,600 5,000 980,000 nd 240 [80]  61/63 61/63 
2015 6,600 7,200 490,000 40 40 [20]  62/62 62/62 
2016 4,700 5,100 940,000 nd 120 [41]  61/62 61/62 
2017 4,600 5,700 580,000 tr(27) 30 [10]  62/62 62/62 
2018 5,100 6,300 520,000 tr(14) 42 [14]  61/61 61/61 
2019 4,400 6,300 560,000 14 4 [2]  61/61 61/61 

1 2009  
2 2013  

 

 

3

7pg/g-wet 3 tr(15) 68pg/g-wet

16 7pg/g-wet 16 tr(10) 210pg/g-wet

1 7pg/g-wet

210pg/g-wet  

2008 2019  

3

4pg/g-wet 3 tr(5) 28pg/g-wet

16 4pg/g-wet 16 tr(4) 58pg/g-wet

1 4pg/g-wet
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150pg/g-wet  

2008 2019  

3

8pg/g-wet 3 1 24pg/g-wet 16

8pg/g-wet 16 tr(12) 290pg/g-wet

1 8pg/g-wet

480pg/g-wet  

3

9pg/g-wet 3 1 tr(18)pg/g-wet 16

9pg/g-wet 16 9 82pg/g-wet

1 9pg/g-wet

260pg/g-wet  

3

7pg/g-wet 3 1 39pg/g-wet 16

7pg/g-wet 16 8 120pg/g-wet

1 7pg/g-wet

330pg/g-wet  

3 20pg/g-wet

3 1 81pg/g-wet 16

20pg/g-wet 16 1

20pg/g-wet  

2008 2019

 

3 70pg/g-wet

3 1 tr(180)pg/g-wet 16

70pg/g-wet 16 1

70pg/g-wet  

2008 2019

 

 

2008 2019
4 10  

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 73 61 380 20 5.9 [2.2]  31/31 7/7 
2010 59 73 310 nd 43 [16]  5/6 5/6 
2011 96 120 490 26 16 [6]  4/4 4/4 
2012 59 44 190 24 19 [7]  5/5 5/5 
2014 56 38 140 33 15 [6]  3/3 3/3 
2015 48 38 89 32 15 [6]  3/3 3/3 
2016 42 32 98 23 13 [5]  3/3 3/3 
2017 47 23 200 23 16 [6] 3/3 3/3 
2018 36 26 68 26 14 [5] 3/3 3/3 
2019 26 tr(17) 68 tr(15) 18 [7]  3/3 3/3 
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    [ ] 

   
  

 
(pg/g-wet) 

2008 120 110 1,300 9.8 5.9 [2.2]  85/85 17/17 
2010 160 170 740 tr(16) 43 [16]  18/18 18/18 
2011 110 110 860 tr(9) 16 [6]  18/18 18/18 
2012 120 140 650 tr(10) 19 [7]  19/19 19/19 
2014 150 160 1,300 18 15 [6]  19/19 19/19 
2015 90 82 580 tr(14) 15 [6]  19/19 19/19 
2016 76 53 390 tr(10) 13 [5]  19/19 19/19 
2017 80 73 360 tr(7) 16 [6] 19/19 19/19 
2018 79 61 440 tr(13) 14 [5] 18/18 18/18 
2019 57 62 210 tr(10) 18 [7]  16/16 16/16 

 
(pg/g-wet) 

2008 170 190 1,200 32 5.9 [2.2]  10/10 2/2 
2010 140 --- 270 72 43 [16]  2/2 2/2 
2011 --- --- 67 67 16 [6]  1/1 1/1 
2012 73 --- 110 49 19 [7]  2/2 2/2 

2014  190 --- 480 78 15 [6]  2/2 2/2 
2015  --- --- 36 36 15 [6]  1/1 1/1 
2016  170 --- 470 62 13 [5]  2/2 2/2 
2017  130 --- 660 26 16 [6] 2/2 2/2 
2018  290 --- 310 280 14 [5] 2/2 2/2 
2019  --- --- 210 210 18 [7]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 32 27 94 tr(11) 16 [5.9]  31/31 7/7 
2010 32 37 98 tr(9) 14 [6]  6/6 6/6 
2011 51 60 160 tr(12) 15 [6]  4/4 4/4 
2012 28 24 67 tr(8) 18 [6]  5/5 5/5 
2014 30 37 41 18 12 [5]  3/3 3/3 
2015 18 19 20 16 13 [5]  3/3 3/3 
2016 11 9 20 tr(8) 9 [4]  3/3 3/3 
2017 18 16 62 tr(6) 12 [5] 3/3 3/3 
2018 13 21 23 tr(5) 11 [4] 3/3 3/3 
2019 12 12 28 tr(5) 10 [4]  3/3 3/3 

 
(pg/g-wet) 

2008 30 37 280 nd 16 [5.9]  72/85 16/17 
2010 51 54 200 nd 14 [6]  16/18 16/18 
2011 39 39 300 nd 15 [6]  17/18 17/18 
2012 37 54 180 nd 18 [6]  17/19 17/19 
2014 41 47 570 nd 12 [5]  18/19 18/19 
2015 22 17 140 nd 13 [5]  18/19 18/19 
2016 18 14 87 tr(4) 9 [4]  19/19 19/19 
2017 23 28 87 nd 12 [5] 18/19 18/19 
2018 21 21 100 nd 11 [4] 17/18 17/18 
2019 17 18 58 tr(4) 10 [4]  16/16 16/16 

 
(pg/g-wet) 

2008 150 130 440 52 16 [5.9]  10/10 2/2 
2010 150 --- 200 120 14 [6]  2/2 2/2 
2011 --- --- 110 110 15 [6]  1/1 1/1 
2012 85 --- 110 66 18 [6]  2/2 2/2 

2014  100 --- 320 31 12 [5]  2/2 2/2 
2015  --- --- 22 22 13 [5]  1/1 1/1 
2016  88 --- 300 26 9 [4]  2/2 2/2 
2017  77 --- 500 12 12 [5] 2/2 2/2 
2018  180 --- 240 140 11 [4] 2/2 2/2 
2019  --- --- 150 150 10 [4]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 19 16 82 tr(5.3) 14 [5.0]  31/31 7/7 
2010 8 16 26 nd 8 [3]  4/6 4/6 
2011 38 41 81 20 10 [4]  4/4 4/4 
2012 21 23 130 tr(6) 10 [4]  5/5 5/5 
2014 23 21 52 11 10 [4]  3/3 3/3 
2015 tr(9) tr(6) 41 nd 12 [5]  2/3 2/3 
2016 tr(13) tr(13) 40 nd 21 [8]  2/3 2/3 
2017 tr(14) 20 36 nd 17 [7] 2/3 2/3 
2018 tr(12) tr(12) 34 nd 21 [8] 2/3 2/3 
2019 nd nd 24 nd 21 [8]  1/3 1/3 

 
(pg/g-wet) 

2008 46 51 310 nd 14 [5.0]  83/85 17/17 
2010 39 47 400 nd 8 [3]  16/18 16/18 
2011 53 50 430 nd 10 [4]  17/18 17/18 
2012 55 71 320 nd 10 [4]  18/19 18/19 
2014 60 61 1,100 nd 10 [4]  18/19 18/19 
2015 44 45 250 nd 12 [5]  18/19 18/19 
2016 42 36 190 nd 21 [8]  18/19 18/19 
2017 49 49 210 nd 17 [7] 18/19 18/19 
2018 44 48 190 nd 21 [8] 17/18 17/18 
2019 42 40 290 tr(12) 21 [8]  16/16 16/16 
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    [ ] 

   
  

 
(pg/g-wet) 

2008 140 120 380 62 14 [5.0]  10/10 2/2 
2010 110 --- 140 86 8 [3]  2/2 2/2 
2011 --- --- 96 96 10 [4]  1/1 1/1 
2012 150 --- 320 72 10 [4]  2/2 2/2 

2014  170 --- 680 42 10 [4]  2/2 2/2 
2015  --- --- 30 30 12 [5]  1/1 1/1 
2016  220 --- 740 68 21 [8]  2/2 2/2 
2017  230 --- 1,000 51 17 [7] 2/2 2/2 
2018  650 --- 1,300 330 21 [8] 2/2 2/2 
2019  --- --- 480 480 21 [8]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 tr(8.5) tr(7.6) 35 nd 18 [6.7]  20/31 7/7 
2010 nd nd tr(10) nd 30 [10]  1/6 1/6 
2011 14 26 44 nd 11 [4]  3/4 3/4 
2012 tr(8) tr(6) 59 nd 12 [5]  3/5 3/5 
2014 nd nd 13 nd 12 [5]  1/3 1/3 
2015 nd nd tr(11) nd 12 [5]  1/3 1/3 
2016 nd nd tr(8) nd 13 [5]  1/3 1/3 
2017 nd nd tr(9) nd 22 [8] 1/3 1/3 
2018 nd nd tr(10) nd 15 [6] 1/3 1/3 
2019 nd nd tr(18) nd 24 [9]  1/3 1/3 

 
(pg/g-wet) 

2008 tr(11) tr(8.1) 77 nd 18 [6.7]  44/85 10/17 
2010 nd nd 40 nd 30 [10]  4/18 4/18 
2011 13 21 130 nd 11 [4]  13/18 13/18 
2012 tr(11) 18 120 nd 12 [5]  11/19 11/19 
2014 tr(10) 13 280 nd 12 [5]  10/19 10/19 
2015 nd nd 44 nd 12 [5]  4/19 4/19 
2016 tr(9) tr(7) 85 nd 13 [5]  11/19 11/19 
2017 tr(11) tr(12) 55 nd 22 [8] 10/19 10/19 
2018 tr(9) tr(8) 58 nd 15 [6] 11/18 11/18 
2019 tr(10) tr(10) 82 nd 24 [9]  9/16 9/16 

 
(pg/g-wet) 

2008 35 35 53 19 18 [6.7]  10/10 2/2 
2010 tr(19) --- 70 nd 30 [10]  1/2 1/2 
2011 --- --- 44 44 11 [4]  1/1 1/1 
2012 63 --- 280 14 12 [5]  2/2 2/2 

2014  19 --- 150 nd 12 [5]  1/2 1/2 
2015  --- --- tr(11) tr(11) 12 [5]  1/1 1/1 
2016  65 --- 220 19 13 [5]  2/2 2/2 
2017  89 --- 440 tr(18) 22 [8] 2/2 2/2 
2018  230 --- 480 110 15 [6] 2/2 2/2 
2019  --- --- 260 260 24 [9]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 nd nd 10 nd 9.6 [3.6]  15/31 6/7 
2010 nd nd tr(10) nd 11 [4]  2/6 2/6 
2011 7 9 29 nd 7 [3]  3/4 3/4 
2012 8 tr(7) 25 nd 8 [3]  4/5 4/5 
2014 tr(9.2) 11 14 tr(5) 11 [4]  3/3 3/3 
2015 nd nd nd nd 14 [5]  0/3 0/3 
2016 nd nd nd nd 16 [6]  0/3 0/3 
2017 nd nd tr(9) nd 20 [8] 1/3 1/3 
2018 nd nd nd nd 16 [6] 0/3 0/3 
2019 tr(8) nd 39 nd 17 [7]  1/3 1/3 

 
(pg/g-wet) 

2008 tr(5.7) nd 73 nd 9.6 [3.6]  35/85 7/17 
2010 tr(6) nd 100 nd 11 [4]  8/18 8/18 
2011 tr(6) tr(7) 150 nd 7 [3]  10/18 10/18 
2012 tr(7) 8 160 nd 8 [3]  12/19 12/19 
2014 14 13 540 nd 11 [4]  15/19 15/19 
2015 tr(7) nd 60 nd 14 [5]  9/19 9/19 
2016 tr(8) nd 86 nd 16 [6]  9/19 9/19 
2017 tr(9.7) nd 88 nd 20 [8] 9/19 9/19 
2018 tr(7) nd 74 nd 16 [6] 8/18 8/18 
2019 tr(8) nd 120 nd 17 [7]  8/16 8/16 

 
(pg/g-wet) 

2008 42 41 64 30 9.6 [3.6]  10/10 2/2 
2010 41 --- 65 26 11 [4]  2/2 2/2 
2011 --- --- 66 66 7 [3]  1/1 1/1 
2012 130 --- 420 40 8 [3]  2/2 2/2 

2014  17 --- 140 nd 11 [4]  1/2 1/2 
2015  --- --- tr(5) tr(5) 14 [5]  1/1 1/1 
2016  65 --- 220 19 16 [6]  2/2 2/2 
2017  130 --- 720 25 20 [8] 2/2 2/2 
2018  190 --- 580 61 16 [6] 2/2 2/2 
2019  --- --- 330 330 17 [7]  1/1 1/1 
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    [ ] 

   
  

 
(pg/g-wet) 

2008 nd nd tr(23) nd 35 [13]  5/31 1/7 
2010 tr(16) tr(15) 60 nd 30 [10]  5/6 5/6 
2011 tr(12) tr(11) 40 nd 22 [9]  3/4 3/4 
2012 tr(15) 25 45 nd 24 [9]  3/5 3/5 
2014 40 tr(20) 110 tr(20) 30 [10]  3/3 3/3 
2015 nd nd tr(11) nd 23 [9]  1/3 1/3 
2016 nd nd nd nd 36 [14]  0/3 0/3 
2017 nd nd nd nd 50 [20] 0/3 0/3 
2018 nd nd nd  nd 40 [20] 0/3 0/3 
2019 tr(20) nd 81 nd 50 [20]  1/3 1/3 

 
(pg/g-wet) 

2008 nd nd tr(15) nd 35 [13]  2/85 2/17 
2010 nd nd 40 nd 30 [10]  3/18 3/18 
2011 nd nd tr(15) nd 22 [9]  5/18 5/18 
2012 nd nd 54 nd 24 [9]  9/19 9/19 
2014 tr(10) tr(20) 40 nd 30 [10]  16/19 16/19 
2015 nd nd 35 nd 23 [9]  6/19 6/19 
2016 nd nd tr(22) nd 36 [14]  3/19 3/19 
2017 nd nd 68 nd 50 [20] 1/19 1/19 
2018 nd nd nd nd 40 [20] 0/18 0/18 
2019 nd nd nd nd 50 [20]  0/16 0/16 

 
(pg/g-wet) 

2008 tr(21) tr(20) tr(33) nd 35 [13]  9/10 2/2 
2010 32 --- 50 tr(20) 30 [10]  2/2 2/2 
2011 --- --- 62 62 22 [9]  1/1 1/1 
2012 100 --- 150 67 24 [9]  2/2 2/2 

2014  tr(10) --- tr(20) tr(10) 30 [10]  2/2 2/2 
2015  --- --- tr(12) tr(12) 23 [9]  1/1 1/1 
2016  nd --- tr(21) nd 36 [14]  1/2 1/2 
2017  nd --- nd nd 50 [20] 0/2 0/2 
2018  49 --- 53 46 40 [20] 2/2 2/2 
2019  --- --- nd nd 50 [20]  0/1 0/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2008 nd nd tr(170) nd 220 [74]  8/31 3/7 
2010 nd nd tr(190) nd 270 [97]  2/6 2/6 
2011 nd nd 240 nd 230 [80]  1/4 1/4 
2012 120 170 480 nd 120 [50]  4/5 4/5 
2014 220 tr(150) 570 tr(120) 170 [60]  3/3 3/3 
2015 nd nd tr(70) nd 170 [70]  1/3 1/3 
2016 nd nd tr(110) nd 300 [100]  1/3 1/3 
2017 nd nd tr(180) nd 210 [80] 1/3 1/3 
2018 nd nd nd nd 240 [80] 0/3 0/3 
2019 nd nd tr(180) nd 190 [70]  1/3 1/3 

 
(pg/g-wet) 

2008 nd nd 230 nd 220 [74]  5/76 4/16 
2010 nd nd tr(150) nd 270 [97]  2/18 2/18 
2011 nd nd tr(90) nd 230 [80]  2/18 2/18 
2012 tr(59) tr(60) 380 nd 120 [50]  11/19 11/19 
2014 tr(75) tr(70) 300 nd 170 [60]  13/19 13/19 
2015 nd nd 380 nd 170 [70]  5/19 5/19 
2016 nd nd tr(190) nd 300 [100]  7/19 7/19 
2017 nd nd 2,100 nd 210 [80] 1/19 1/19 
2018 nd nd tr(110) nd 240 [80] 2/18 2/18 
2019 nd nd nd nd 190 [70]  0/16 0/16 

 
(pg/g-wet) 

2008 nd nd tr(110) nd 220 [74]  4/10 1/2 
2010 nd --- nd nd 270 [97]  0/2 0/2 
2011 --- --- tr(170) tr(170) 230 [80]  1/1 1/1 
2012 250 --- 260 240 120 [50]  2/2 2/2 

2014  tr(65) --- tr(140) nd 170 [60]  1/2 1/2 
2015  --- --- tr(90) tr(90) 170 [70]  1/1 1/1 
2016  nd --- nd nd 300 [100]  0/2 0/2 
2017  nd --- nd nd 210 [80] 0/2 0/2 
2018  tr(210) --- 500 tr(90) 240 [80] 2/2 2/2 
2019  --- --- nd nd 190 [70]  0/1 0/1 

1 2008  
2 2014 2012

 
3 2009 2013  

 

 

36 0.01pg/m3

36 tr(0.03) 5.5pg/m3  
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2009 2019  

36 0.05pg/m3

36 27 6.1pg/m3  

2009 2019

 

36 0.05pg/m3

36 15 0.79pg/m3  

2009 2019

 

36 0.1pg/m3

36 24 2.7pg/m3  

2009 2019

 

36 0.1pg/m3

36 32 2.6pg/m3  

2009 2019

 

36 0.1pg/m3 36

34 3.1pg/m3  

2009 2019

 

36 0.1pg/m3 36

32 14pg/m3  

2009 2019
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2009 2019 4 10
 

   
    [ ] 

   
  

 
(pg/m3) 

2009  0.89 0.80 18 0.11 0.11 [0.04]  37/37 37/37 
2009  0.40 0.37 7.1 tr(0.04)  37/37 37/37 
2010  0.79 0.57 50 0.15 0.12 [0.05]  37/37 37/37 
2010  0.40 0.35 25 tr(0.09)  37/37 37/37 
2011  0.80 0.72 9.3 tr(0.11) 0.18 [0.07]  35/35 35/35 
2011  0.36 0.34 7.0 nd  35/37 35/37 
2012  0.7 0.7 5.7 nd 0.3 [0.1]  35/36 35/36 
2012  tr(0.2) tr(0.2) 1.7 nd  25/36 25/36 
2014  0.53 0.47 2.3 tr(0.09) 0.28 [0.09]  36/36 36/36 
2015  tr(0.3) tr(0.3) 2.7 nd 0.4 [0.1]  30/35 30/35 
2016  0.5 0.4 28 nd 0.4 [0.2]  30/37 30/37 
2017  0.39 0.34 4.1 tr(0.06) 0.15 [0.05] 37/37 37/37 
2018  0.28 0.26 3.9 0.05 0.05 [0.02] 37/37 37/37 
2019  0.25 0.23 5.5 tr(0.03) 0.04 [0.01] 36/36 36/36 

   
    [ ] 

   
  

 
(pg/m3) 

2009  0.20 0.19 18 nd 0.16 [0.06]  33/37 33/37 
2009  0.19 0.16 10 nd  29/37 29/37 
2010  0.20 0.17 45 nd 0.12 [0.05]  35/37 35/37 
2010  0.20 0.22 28 nd  34/37 34/37 
2011  0.19 0.17 8.8 nd 0.16 [0.06]  31/35 31/35 
2011  0.16 tr(0.14) 2.6 nd  31/37 31/37 
2012  tr(0.13) tr(0.12) 2.4 nd 0.14 [0.06]  30/36 30/36 
2012  tr(0.09) tr(0.09) 0.77 nd  26/36 26/36 
2014  tr(0.13) tr(0.14) 0.80 nd 0.28 [0.09]  25/36 25/36 
2015  nd nd 0.9 nd 0.6 [0.2]  6/35 6/35 
2016  nd nd 28 nd 0.4 [0.2]  6/37 6/37 
2017  0.11 0.10 3.4 nd 0.10 [0.04] 33/37 33/37 
2018  tr(0.08) nd 4.1 nd 0.20 [0.08] 18/37 18/37 
2019  tr(0.10) tr(0.06) 6.1 nd 0.12 [0.05] 27/36 27/36 

   
    [ ] 

   
  

 
(pg/m3) 

2009  tr(0.11) tr(0.11) 2.0 nd 0.22 [0.09]  19/37 19/37 
2009  tr(0.20) 0.22 27 nd  24/37 24/37 
2010  tr(0.14) tr(0.13) 4.9 nd 0.16 [0.06]  29/37 29/37 
2010  0.24 0.27 5.4 nd  31/37 31/37 
2011  tr(0.11) tr(0.10) 1.2 nd 0.14 [0.05]  28/35 28/35 
2011  0.16 0.18 1.7 nd  30/37 30/37 
2012  nd nd 3.1 nd 0.3 [0.1]   9/36  9/36 
2012  tr(0.1) tr(0.1) 0.5 nd  22/36 22/36 
2014  nd nd 0.4 nd 0.4 [0.1]  5/36 5/36 
2015  nd nd 2.0 nd 1.1 [0.4]  3/35 3/35 
2016  nd nd 2.7 nd 0.6 [0.2]  3/37 3/37 
2017  nd nd 2.1 nd 0.3 [0.1] 11/37 11/37 
2018  nd nd 1.5 nd 0.17 [0.06] 9/37 9/37 
2019  tr(0.05) nd 0.79 nd 0.13 [0.05] 15/36 15/36 

   
    [ ] 

   
  

 
(pg/m3) 

2009  tr(0.1) nd 1.7 nd 0.3 [0.1]  17/37 17/37 
2009  tr(0.2) 0.3 20 nd  25/37 25/37 
2010  tr(0.2) tr(0.1) 1.4 nd 0.3 [0.1]  24/37 24/37 
2010  0.3 0.4 11 nd  28/37 28/37 
2011  tr(0.1) tr(0.1) 1.1 nd 0.3 [0.1]  20/35 20/35 
2011  tr(0.2) tr(0.2) 2.3 nd  25/37 25/37 
2012  nd nd 1.8 nd 0.5 [0.2]  6/36 6/36 
2012  nd nd 0.7 nd  8/36 8/36 
2014  nd nd tr(0.4) nd 0.7 [0.2]  2/36 2/36 
2015  nd nd tr(0.6) nd 1.3 [0.4]  2/35 2/35 
2016  nd nd 1.3 nd 1.1 [0.4]  1/37 1/37 
2017  nd nd 3.2 nd 0.4 [0.2] 10/37 10/37 
2018  tr(0.09) nd 1.3 nd 0.20 [0.08] 16/37 16/37 
2019  tr(0.1) tr(0.1) 2.7 nd 0.3 [0.1]  24/36 24/36 
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    [ ] 

   
  

 
(pg/m3) 

2009  tr(0.2) 0.3 1.6 nd 0.3 [0.1]  23/37 23/37 
2009  0.3 0.4 7.1 nd  26/37 26/37 
2010  0.25 0.30 2.3 nd 0.15 [0.06]  30/37 30/37 
2010  0.40 0.52 6.9 nd  32/37 32/37 
2011  0.24 0.31 1.9 nd 0.20 [0.08]  27/35 27/35 
2011  0.35 0.44 7.0 nd  30/37 30/37 
2012  tr(0.2) tr(0.2) 1.2 nd 0.3 [0.1]  29/36 29/36 
2012  0.3 0.4 1.2 nd  30/36 30/36 
2014  tr(0.1) tr(0.1) 0.7 nd 0.4 [0.1]  22/36 22/36 
2015  nd nd 3.8 nd 1.1 [0.4]  9/35 9/35 
2016  nd nd 1.6 nd 0.6 [0.2]  18/37 18/37 
2017  tr(0.19) 0.23 5.7 nd 0.21 [0.07] 28/37 28/37 
2018  0.15 0.14 1.3 nd 0.11 [0.04] 34/37 34/37 
2019  tr(0.2) tr(0.2) 2.6 nd 0.3 [0.1]  32/36 32/36 

   
    [ ] 

   
  

 
(pg/m3) 

2009  tr(0.7) tr(0.7) 3.0 nd 1.8 [0.6]  22/37 22/37 
2009  tr(1.0) tr(0.8) 3.9 nd  27/37 27/37 
2010  nd nd 24 nd 3.7 [1.2]  12/37 12/37 
2010  tr(1.2) tr(1.3) 7.1 nd  22/37 22/37 
2011  tr(0.8) 0.9 3.9 nd 0.9 [0.4]  29/35 29/35 
2011  1.1 1.1 14 nd  30/37 30/37 
2012  tr(0.5) tr(0.5) 5.1 nd 1.2 [0.4]  24/36 24/36 
2012  tr(0.9) tr(1.1) 4.7 nd  30/36 30/36 
2014  nd nd tr(3) nd 4 [1]  7/36 7/36 
2015  nd nd 12 nd 3.2 [1.1]  14/35 14/35 
2016  tr(0.9) tr(0.9) 11 nd 1.4 [0.5]  28/37 28/37 
2017  0.8 0.8 40 nd 0.6 [0.2] 31/37 31/37 
2018  0.5 0.7 3.0 nd 0.4 [0.2] 31/37 31/37 
2019  0.5 0.7 3.1 nd 0.3 [0.1]  34/36 34/36 

   
    [ ] 

   
  

 
(pg/m3) 

2009  tr(7) tr(9) 31 nd 16 [5]  28/37 28/37 
2009  tr(10) tr(11) 45 nd  29/37 29/37 
2010  nd nd 290 nd 27 [9.1]  10/37 10/37 
2010  tr(11) tr(12) 88 nd  21/37 21/37 
2011  tr(8.2) tr(9.0) 30 nd 12 [4.0]  31/35 31/35 
2011  tr(8.4) tr(9.0) 44 nd  29/37 29/37 
2012  nd nd 31 nd 16 [5]  17/36 17/36 
2012  tr(10) tr(12) 73 nd  28/36 28/36 
2014  tr(4.7) tr(5.0) 64 nd 9 [3]  24/36 24/36 
2015  4.2 4.3 61 nd 2.2 [0.7]  30/35 30/35 
2016  5 5 86 nd 3 [1]  35/37 35/37 
2017  4.2 4.4 140 nd 2.4 [0.8] 34/37 34/37 
2018  2.6 3.4 19 nd 2.0 [0.8] 31/37 31/37 
2019  1.8 2.6 14 nd 0.3 [0.1]  32/36 32/36 

2013  
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1 2002 2008 2013  
2 2010 2018 1/2  

3-14-1-1  

 

 

 
2002 2008 2013  

3-14-1-2  

  

0

5

10

15

20

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[14-1] 

[ ] (pg/L)
2009 8 [3]
2010 9 [3]
2011 4 [2]
2012 4 [1] 
2014 8 [3]
2015 3.6 [1.2]
2016 5 [2]
2017 9 [3]
2018 13 [5]
2019 11 [4]

0

10

20

30

40

50

60

70

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[14-1] 

[ ] (pg/g-dry)
2009 69 [23]
2010 6 [2]
2011 30 [10]
2012 2 [1] 
2014 27 [9]
2015 21 [7]
2016 33 [11]
2017 9 [4]
2018 18 [6]
2019 5 [2]
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1 2014 2012

 
2 2002 2007 2009 2013  

3-14-1-3  

 

 

 
2002 2008 2013  

3-14-1-4  

  

0

50

100

150

200

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[14-1] 

[ ] (pg/g-wet)
2008 5.9 [2.2]
2010 43 [16]
2011 16 [6]
2012 19 [7] 
2014 15 [6]
2015 15 [6]
2016 13 [5]
2017 16 [6]
2018 14 [5]
2019 18 [7]

0

0.2

0.4

0.6

0.8

1

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[14-1] 

[ ] (pg/m3)
2009 0.11 [0.04]
2010 0.12 [0.05]
2011 0.18 [0.07]
2012 0.3 [0.1]
2014 0.28 [0.09]
2015 0.4 [0.1]
2016 0.4 [0.2]
2017 0.15 [0.05]
2018 0.05 [0.02]
2019 0.04 [0.01]
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1 2002 2008 2013  
2 2014 2017 2018 2019 1/2

 

3-14-2-1  

 

 

 
2002 2008 2013  

3-14-2-2  

  

0

2

4

6

8

10

12

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[14-2] 

[ ] (pg/L)
2009 11 [4]
2010 3 [1]
2011 3 [1]
2012 2 [1]
2014 4 [2] 
2015 6.3 [2.1]
2016 2.4 [0.9]
2017 3 [1]
2018 9 [3]
2019 6 [2]

0

10

20

30

40

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[14-2] 

[ ] (pg/g-dry)
2009 24 [8]
2010 5 [2]
2011 5 [2]
2012 2.4 [0.9] 
2014 6 [2]
2015 18 [6]
2016 12 [4]
2017 9 [4]
2018 4 [2]
2019 3 [1]
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1 2014 2012

 
2 2002 2007 2009 2013  

3-14-2-3  

 

 

 
1 2002 2008 2013  
2 2015 2016 1/2  

3-14-2-4   

0

10
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40

50

60

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[14-2] 

[ ] (pg/g-wet)
2008 16 [5.9]
2010 14 [6]
2011 15 [6]
2012 18 [6] 
2014 12 [5]
2015 13 [5]
2016 9 [4]
2017 12 [5]
2018 11 [4]
2019 10 [4]

0

0.05

0.1

0.15

0.2

0.25

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[14-2] 

[ ] (pg/m3)
2009 0.16 [0.06]
2010 0.12 [0.05]
2011 0.16 [0.06]
2012 0.14 [0.06]
2014 0.28 [0.09]
2015 0.6 [0.2]
2016 0.4 [0.2]
2017 0.10 [0.04]
2018 0.20 [0.08]
2019 0.12 [0.05]
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2002 2008 2013  

3-14-3-1  

 

 

 
1 2014 2012

 
2 2002 2007 2009 2013  
3 2019 1/2  

3-14-3-2   
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)
[14-3] 

[ ] (pg/g-dry)
2009 5 [2]
2010 4 [2]
2011 9 [3]
2012 3 [1] 
2014 5 [2]
2015 3 [1]
2016 8 [3]
2017 6 [2]
2018 3 [1]
2019 4 [2]

0

10

20
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40

50

60

70

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[14-3] 

[ ] (pg/g-wet)
2008 14 [5.0]
2010 8 [3]
2011 10 [4]
2012 10 [4] 
2014 10 [4]
2015 12 [5]
2016 21 [8]
2017 17 [7]
2018 21 [8]
2019 21 [8]
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2002 2008 2013  

3-14-4-1  

 

 

 
1  
2 2014 2012

 
3 2002 2007 2009 2013  
4 2010 2015 1/2  

3-14-4-2   

0
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)
[14-4] 

[ ] (pg/g-dry)
2009 9 [4]
2010 4 [2]
2011 7 [3]
2012 4 [2] 
2014 16 [6]
2015 3 [1]
2016 6 [2]
2017 15 [6]
2018 14 [5]
2019 6 [3]

0

4

8

12

16

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[14-4] 

[ ] (pg/g-wet)
2008 18 [6.7]
2010 30 [10]
2011 11 [4]
2012 12 [5] 
2014 12 [5]
2015 12 [5]
2016 13 [5]
2017 22 [8]
2018 15 [6]
2019 24 9]
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1 2002 2008 2013  
2 2019 1/2  

3-14-5-1  

 

 

 
2002 2008 2013  

3-14-5-2  

  

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[14-5] 

[ ] (pg/L)
2009 1.4 [0.6]
2010 3 [1]
2011 2 [1]
2012 4 [2] 
2014 1.6 [0.6]
2015 1.5 [0.6]
2016 0.8 [0.3]
2017 2 [1]
2018 3 [1]
2019 3 [1]

0

50

100

150

200

250

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
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y)

[14-5] 

[ ] (pg/g-dry)
2019 1.2 [0.5]
2010 10 [4]
2011 10 [4]
2012 19 [6] 
2014 12 [4]
2015 48 [16]
2016 6 [2]
2017 5 [2]
2018 1.2 [0.5]
2019 3 [1]
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1  
2 2014 2012

 
3 2002 2007 2009 2013  

3-14-5-3  
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2 2015 2016 1/2  
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(p
g/
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w
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)

[14-5] 

[ ] (pg/g-wet)
2008 9.6 [3.6]
2010 11 [4]
2011 7 [3]
2012 8 [3] 
2014 11 [4]
2015 14 [5]
2016 16 [6]
2017 20 [8]
2018 16 [6]
2019 17 [7]

0

0.1

0.2

0.3

0.4

0.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[14-5] 

[ ] (pg/m3)
2009 0.3 [0.1]
2010 0.15 [0.06]
2011 0.20 [0.08]
2012 0.3 [0.1]
2014 0.4 [0.1]
2015 1.1 [0.4]
2016 0.6 [0.2]
2017 0.21 [0.07]
2018 0.11 [0.04]
2019 0.3 [0.1]
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2002 2008 2013  

3-14-6-1  
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3-14-6-2  
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(p
g/

L)
[14-6] 

[ ] (pg/L)
2009 91 [30]
2010 21 [7]
2011 10 [4]
2012 40 [13] 
2014 6 [2]
2015 6 [2]
2016 4 [1]
2017 7 [3]
2018 6 [2]
2019 8 [3]
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(p
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[14-6] 

[ ] (pg/g-dry)
2009 9 [4]
2010 24 [9]
2011 23 [9]
2012 34 [11] 
2014 60 [20]
2015 24 [8]
2016 27 [9]
2017 15 [5]
2018 5 [2]
2019 5 [2]
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1 2002 2008 2013  
2 2010 2014 2015

1/2  
3-14-6-3  
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3-14-7-1  
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[14-6] 

[ ] (pg/m3)
2009 1.8 [0.6]
2010 3.7 [1.2]
2011 0.9 [0.4]
2012 1.2 [0.4]
2014 4 [1]
2015 3.2 [1.1]
2016 1.4 [0.5]
2017 0.6 [0.2]
2018 0.4 [0.2]
2019 0.3 [0.1]
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[14-7] 

[ ] (pg/L)
2009 600 [200]
2010 300 [100]
2011 60 [20]
2012 660 [220] 
2014 22 [9]
2015 18 [7]
2016 14 [6]
2017 24 [8]
2018 11 [4]
2019 14 [6]
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2002 2008 2013  

3-14-7-2  
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[14-7] 

[ ] (pg/g-dry)
2009 60 [20]
2010 220 [80]
2011 40 [20]
2012 270 [89] 
2014 240 [80]
2015 40 [20]
2016 120 [41]
2017 30 [10]
2018 42 [14]
2019 4 [2]
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[14-7] 

[ ] (pg/m3)
2009 16 [5]
2010 27 [9.1]
2011 12 [4.0]
2012 16 [5]
2014 9 [3]
2015 2.2 [0.7]
2016 3 [1]
2017 2.4 [0.8]
2018 2.0 [0.8]
2019 0.3 [0.1]
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[15] PFOS  

 

PFOS

2009 5 POPs 4 COP4

2010 4 ( -1- )

( -1- )  

2009 2002

2002 2003

2004 2005

 

2002 ( -1-

) 2009 2010

2012 2013 2014

2016 2017

2018 2019

 

 

 

 

48 30pg/L 48 47

2,500pg/L  

2009 2019  

2009 2019 PFOS  

PFOS  
  

    [ ] 
  

 
  

 
(pg/L) 

2009 730 580 14,000 tr(26) 37 [14]  49/49 49/49 
2010 490 380 230,000 tr(37) 50 [20]  49/49 49/49 
2011 480 360 10,000 tr(20) 50 [20]  49/49 49/49 
2012 550 510 14,000 39 31 [12]  48/48 48/48 
2014 460 410 7,500 nd 50 [20]  47/48 47/48 
2015 630 490 4,700 120 29 [11]  48/48 48/48 
2016 330 300 14,000 tr(23) 50 [20]  48/48 48/48 
2018 310 300 4,100 nd 70 [30]  42/47 42/47 
2019 290 260 2,500 nd 80 [30]  47/48 47/48 

2013 2017  
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61 4pg/g-dry 61 60

460pg/g-dry  

2009 2019

 

2009 2019 PFOS  

PFOS  
  

    [ ] 
  

 
  

 
(pg/g-dry) 

2009 78 97 1,900 nd 9.6 [3.7]  180/190 64/64 
2010 82 100 1,700 tr(3) 5 [2]  64/64 64/64 
2011 92 110 1,100 nd 5 [2]  63/64 63/64 
2012 68 84 1,200 tr(7) 9 [4]  63/63 63/63 
2014 59 79 980 nd 5 [2]  62/63 62/63 
2015 91 88 2,200 7 3 [1]  62/62 62/62 
2016 54 61 690 5 5 [2]  62/62 62/62 
2018 43 57 700 nd 7 [3]  55/61 55/61 
2019 44 46 460 nd 9 [4]  60/61 60/61 

1 2009  
2 2013 2017  

 

 

3 2pg/g-wet 3

tr(2) 140pg/g-wet 16 2pg/g-wet

16 tr(3) 3,600pg/g-wet 1

2pg/g-wet 360pg/g-wet  

2009 2019
PFOS  

PFOS  
  

    [ ] 
  

 
  

 
(pg/g-wet) 

2009 24 28 640 nd 19 [7.4]  17/31 5/7 
2010 72 85 680 nd 25 [9.6]  5/6 5/6 
2011 38 44 100 16 10 [4]  4/4 4/4 
2012 27 21 160 tr(4) 7 [3]  5/5 5/5 
2014 8 6 93 nd 5 [2]  2/3 2/3 
2015 7 tr(2) 210 nd 4 [2]  2/3 2/3 
2016 11 tr(6) 160 nd 9 [3]  2/3 2/3 
2017 22 34 160 nd 12 [4] 2/3 2/3 
2019 10 tr(4) 140 tr(2) 6 [2]  3/3 3/3 

 
(pg/g-wet) 

2009 220 230 15,000 nd 19 [7.4]  83/90 17/18 
2010 390 480 15,000 nd 25 [9.6]  17/18 17/18 
2011 82 95 3,200 nd 10 [4]  16/18 16/18 
2012 110 130 7,300 tr(5) 7 [3]  19/19 19/19 
2014 82 83 4,600 nd 5 [2]  18/19 18/19 
2015 91 90 2,500 nd 4 [2]  18/19 18/19 
2016 79 80 5,200 nd 9 [3]  18/19 18/19 
2017 150 150 11,000 tr(4) 12 [4] 19/19 19/19 
2019 67 80 3,600 tr(3) 6 [2]  16/16 16/16 

 
(pg/g-wet) 

2009 300 360 890 37 19 [7.4]  10/10 2/2 
2010 1,300 --- 3,000 580 25 [9.6]  2/2 2/2 
2011 --- --- 110 110 10 [4]  1/1 1/1 
2012 160 --- 410 63 7 [3]  2/2 2/2 

2014  4,600 --- 110,000 190 5 [2]  2/2 2/2 
2015  --- --- 790 790 4 [2]  1/1 1/1 
2016  3,600 --- 9,100 1,400 9 [3]  2/2 2/2 
2017  9,800 --- 32,000 3,000 12 [4] 2/2 2/2 
2019  --- --- 360 360 6 [2]  1/1 1/1 

1 2009  
2 2014 2012

 
3 2013 2018  
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36 0.3pg/m3 36

1.3 7.8pg/m3  

2010 2019  

2010 2019 PFOS  

PFOS  
  

    [ ] 
  

 
  

 
(pg/m3) 

2010  5.2 5.9 14 1.6 0.4 [0.1]  37/37 37/37 
2010  4.7 4.4 15 1.4  37/37 37/37 
2011  4.4 4.2 10 0.9 0.5 [0.2]  35/35 35/35 
2011  3.7 3.8 9.5 1.3  37/37 37/37 
2012  3.6 3.8 8.9 1.3 0.5 [0.2]  36/36 36/36 
2012  2.7 3.0 5.9 1.0  36/36 36/36 
2013  4.6 5.2 9.6 1.2 0.3 [0.1]  36/36 36/36 
2013  3.7 3.9 7.4 1.6  36/36 36/36 
2014  3.1 3.2 8.6 0.52 0.17 [0.06]  36/36 36/36 
2015  2.8 2.6 8.8 0.59 0.19 [0.06]  35/35 35/35 
2016  3.1 2.4 9.3 0.7 0.6 [0.2]  37/37 37/37 
2017  2.9 2.7 8.9 1.1 0.3 [0.1] 37/37 37/37 
2019  3.8 4.1 7.8 1.3 0.8 [0.3]  36/36 36/36 

2018  
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2002 2008 2013 2017  

3-15-1 PFOS  

 

 

 
2002 2008 2013 2017  

3-15-2 PFOS  
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)

[15] PFOS

[ ] (pg/L)
2009 37 [14]
2010 50 [20]
2011 50 [20]
2012 31 [12]
2014 50  [20]
2015 29 [11]
2016 50 [20]
2018 70 [30]
2019 80 [30]

0

20
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(p
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g-
dr
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[ ] (pg/g-dry)
2009 9.6 [3.7]
2010 5 [2]
2011 5 [2]
2012 9 [4] 
2014 5 [2]
2015 3 [1]
2016 5 [2]
2018 7 [3]
2019 9 [4]

[15] PFOS
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1 2014 2012

 
2 2002 2008 2013 2018  

3-15-3 PFOS  

 

 

 
2002 2009 2019  

3-15-4 PFOS  
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w
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[15] PFOS

[ ] (pg/g-wet)
2009 19 [7.4]
2010 25 [9.6]
2013 10 [4]
2012 7 [3] 
2014 5 [2]
2015 4 [2]
2016 9 [3]
2017 12 [4]
2019 6 [2]

0

1

2

3

4

5

6

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[15] PFOS

[ ] (pg/m3)
2010 0.4 [0.1]
2011 0.5 [0.2]
2012 0.5 [0.2]
2013 0.3 [0.1]
2014 0.17 [0.06]
2015 0.19 [0.06]
2016 0.6 [0.2]
2017 0.3 [0.1]
2019 0.8 [0.3]
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[16] PFOA  

 

PFOA PFOS

2019 4 5 POPs 9

COP9

 

2009 2002

2002 2003

2004 2005

 

2002 2009

2010 2012 2013

2014 2016

2017 2018 2019

 

 

 

 

 

48 40pg/L 48 160

11,000pg/L  

2009 2019

 

2009 2019 PFOA  

PFOA    
    [ ] 

   
  

 
(pg/L) 

2009 1,600 1,300 31,000 250 59 [23]  49/49 49/49 
2010 2,700 2,400 23,000 190 60 [20]  49/49 49/49 
2011 2,000 1,700 50,000 380 50 [20]  49/49 49/49 
2012 1,400 1,100 26,000 240 170 [55]  48/48 48/48 
2014 1,400 1,400 26,000 140 50 [20]  48/48 48/48 
2015 1,400 1,200 17,000 310 56 [22]  48/48 48/48 
2016 1,300 1,200 21,000 260 50 [20]  48/48 48/48 
2018 1,100 1,100 28,000 160 70 [30]  47/47 47/47 
2019 1,000 900 11,000 160 90 [40]  48/48 48/48 

2013 2017  
 

 

61 2pg/g-dry 61

tr(3) 190pg/g-dry  

2009 2019  
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2009 2019 PFOA  

PFOA    
    [ ] 

   
  

 
(pg/g-dry) 

2009 27 24 500 nd 8.3 [3.3]  182/190 64/64 
2010 28 33 180 nd 12 [5]  62/64 62/64 
2011 100 93 1,100 22 5 [2]  64/64 64/64 
2012 51 48 280 12 4 [2]  63/63 63/63 
2014 44 50 190 tr(6) 11 [5]  63/63 63/63 
2015 48 48 270 8 3 [1]  62/62 62/62 
2016 27 27 190 nd 9 [4]  61/62 61/62 
2018 23 25 190 nd 9 [4]  58/61 58/61 
2019 21 22 190 tr(3) 5 [2]  61/61 61/61 

1 2009  
2 2013 2017  

 

 

3 2pg/g-wet 3

tr(2) tr(5)pg/g-wet 16 2pg/g-wet

16 12 18pg/g-wet 1

2pg/g-wet 27pg/g-wet  

2009 2019

 

2009 2019 PFOA
 

PFOA    
    [ ] 

   
  

 
(pg/g-wet) 

2009 tr(20) tr(21) 94 nd 25 [9.9]  27/31 7/7 
2010 28 33 76 nd 26 [9.9]  5/6 5/6 
2011 tr(19) tr(22) tr(40) nd 41 [14]  3/4 3/4 
2012 tr(21) tr(23) 46 nd 38 [13]  4/5 4/5 
2014 tr(4) tr(6) 10 nd 10 [3]  2/3 2/3 
2015 tr(6.5) tr(6.3) 26 nd 10 [3.4]  2/3 2/3 
2016 4 7 9 nd 4 [2]  2/3 2/3 
2017 tr(6) tr(7) 18 nd 12 [4] 2/3 2/3 
2019 tr(3) tr(4) tr(5) tr(2) 6 [2]  3/3 3/3 

 
(pg/g-wet) 

2009 tr(23) tr(19) 490 nd 25 [9.9]  74/90 17/18 
2010 tr(13) tr(11) 95 nd 26 [9.9]  13/18 13/18 
2011 nd nd 51 nd 41 [14]  7/18 7/18 
2012 tr(35) tr(32) 86 nd 38 [13]  18/19 18/19 
2014 tr(6) tr(4) 85 nd 10 [3]  11/19 11/19 
2015 tr(5.7) tr(5.3) 99 nd 10 [3.4]  11/19 11/19 
2016 4 tr(3) 20 tr(2) 4 [2]  19/19 19/19 
2017 tr(6) tr(4) 79 nd 12 [4] 12/19 12/19 
2019 tr(3) tr(3) 18 nd 6 [2]  12/16 12/16 

 
(pg/g-wet) 

2009 32 29 58 tr(16) 25 [9.9]  10/10 2/2 
2010 38 --- 48 30 26 [9.9]  2/2 2/2 
2011 --- --- nd nd 41 [14]  0/1 0/1 
2012 tr(27) --- tr(28) tr(26) 38 [13]  2/2 2/2 

2014  62 --- 2,600 nd 10 [3]  1/2 1/2 
2015  --- --- 31 31 10 [3.4]  1/1 1/1 
2016  130 --- 320 52 4 [2]  2/2 2/2 
2017  240 --- 680 85 12 [4] 2/2 2/2 
2019  --- --- 27 27 6 [2]  1/1 1/1 

1 2009  
2 2014 2012

 
3 2013 2018  

  



 

 375  

 

 

36 0.3pg/m3 36

5.5 46pg/m3  

2010 2019 PFOA  

PFOA    
    [ ] 

   
  

 
(pg/m3) 

2010  25 26 210 4.0 0.5 [0.2]  37/37 37/37 
2010  14 14 130 2.4  37/37 37/37 
2011  20 18 240 tr(3.5) 5.4 [1.8]  35/35 35/35 
2011  12 11 97 nd  36/37 36/37 
2012  11 12 120 1.9 0.7 [0.2]  36/36 36/36 
2012  6.9 6.0 48 1.6  36/36 36/36 
2013  23 23 190 3.2 1.8 [0.6]  36/36 36/36 
2013  14 14 53 3.0  36/36 36/36 
2014  28 29 210 5.4 0.4 [0.1]  36/36 36/36 
2015  19 17 260 tr(3.7) 4.2 [1.4]  35/35 35/35 
2016  17 15 140 3.2 1.3 [0.4]  37/37 37/37 
2017  14 13 150 tr(2.0) 3.3 [1.1] 37/37 37/37 
2019  14 14 46 5.5 0.8 [0.3]  36/36 36/36 

2018  
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2002 2008 2013 2017  

3-16-1 PFOA  

 

 

 
2002 2008 2013 2017  

3-16-2 PFOA  

 

0
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3,000

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

L)
[16] PFOA

[ ] (pg/L)
2009 59 [23]
2010 60 [20]
2011 50 [20]
2012 170 [55] 
2014 50 [20]
2015 56 [22]
2016 50 [20]
2018 70 [30]
2019 90 [40]
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[ ] (pg/g-dry)
2009 8.3 [3.3]
2010 12 [5]
2011 5 [2]
2012 4 [2] 
2014 11 [5]
2015 3 [1]
2016 9 [4]
2018 9 [4]
2019 5 [2]

[16] PFOA
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1 2014 2012

 
2 2002 2008 2013 2018  
3 2011 1/2  

3-16-3 PFOA  

 
 

 
2002 2009 2018  

3-16-4 PFOA   

0
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(p
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[16] PFOA

[ ] (pg/g-wet)
2009 25 [9.9]
2010 26 [9.9]
2011 41 [14]
2012 38 [13] 
2014 10 [3]
2015 10 [3.4]
2016 4 [2]
2017 12 [4]
2019 6 [2]
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pg
/m

3

[16] PFOA

[ ] (pg/m3)
2010 0.5 [0.2]
2011 5.4 [1.8]
2012 0.7 [0.2]
2013 1.8 [0.6]
2014 0.4 [0.1]
2015 4.2 [1.4]
2016 1.3 [0.4]
2017 3.3 [1.1]
2019 0.8 [0.3]
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[17]  

 

2009 5 POPs 4 COP4

2010 4  

2001 1980

1981 1986 1988 1990 1992 1996

1999  

2002 2007 2009 2010 2015

2016

2017 2019

 

 

 

 

48 2pg/L 48 tr(2)

360pg/L  

2007 2019  

   
    [ ] 

   
  

 
(pg/L) 

2007 nd nd nd nd 3,300 [1,300]  0/48 0/48 
2010 8 5 100 tr(1) 4 [1]  49/49 49/49 
2011 11 11 170 2.6 2.4 [0.9]  49/49 49/49 
2012 14 11 170 3 3 [1]  48/48 48/48 
2013 12 10 170 tr(3) 4 [1]  48/48 48/48 
2014 10 7.0 180 2.8 0.8 [0.3]  48/48 48/48 
2015 13 11 180 3.0 1.5 [0.5]  48/48 48/48 
2017 8.8 5.9 140  2.0  1.4 [0.6] 47/47 47/47 
2018 12 9.7 320 2.7 1.3 [0.5] 47/47 47/47 
2019 9 7 360 tr(2) 6 [2]  48/48 48/48 

2008 2009 2016  
 

 

61 0.4pg/g-dry 61

1.2 3,300pg/g-dry  
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2007 2019  

   
    [ ] 

   
  

 
(pg/g-dry) 

2007 tr(46) nd 2,400 nd 86 [33]  79/192 35/64 
2010 90 95 4,200 1.0 0.9 [0.3]  64/64 64/64 
2011 95 76 4,500 3 5 [2]  64/64 64/64 
2012 33 33 1,100 nd 2.5 [0.8]  62/63 62/63 
2013 84 98 3,800 2.2 2.1 [0.7]  63/63 63/63 
2014 70 78 3,600 tr(1.2) 2.4 [0.8]  63/63 63/63 
2015 65 69 2,600 2.4 1.5 [0.5]  62/62 62/62 
2016 62 71 3,700 tr(1.1) 1.8 [0.6]  62/62 62/62 
2017 61 61 2,800  1.3  1.2 [0.5]  62/62 62/62 
2018 72 77 3,400 1.2   0.9 [0.3]  61/61 61/61 
2019 29 27 3,300 1.2 0.9 [0.4]  61/61 61/61 

1 2007  
2 2008 2009  

 

 

3 1pg/g-wet 3

7 14pg/g-wet 16 1pg/g-wet

16 3 280pg/g-wet 1

1pg/g-wet 470pg/g-wet  

2007 2019
 

   
    [ ] 

   
  

 
(pg/g-wet) 

2007 nd nd tr(150) nd 180 [61]  1/31 1/7 
2010 18 16 110 5.9 1.9 [0.7]  6/6 6/6 
2011 28 16 260 10 4 [1]  4/4 4/4 
2012 16 9.7 110 tr(5.8) 8.1 [2.7]  5/5 5/5 
2013 nd nd 87 nd 78 [26]  1/5 1/5 
2014 14 11 23 10 9.3 [3.1]  3/3 3/3 
2015 tr(11) tr(9.7) 18 tr(7.4) 12 [4.0]  3/3 3/3 
2016 tr(13) tr(12) 15 tr(11) 15 [5.1]  3/3 3/3 
2017 18 19 22 14 4 [1] 3/3 3/3 
2018 tr(8) tr(7) tr(13) tr(5) 15 [5] 3/3 3/3 
2019 10 11 14 7 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2007 nd nd 480 nd 180 [61]  36/80 10/16 
2010 42 37 230 5.6 1.9 [0.7]  18/18 18/18 
2011 36 37 220 5 4 [1]  18/18 18/18 
2012 29 37 190 tr(5.0) 8.1 [2.7]  19/19 19/19 
2013 tr(35) tr(40) 160 nd 78 [26]  11/19 11/19 
2014 38 51 280 nd 9.3 [3.1]  18/19 18/19 
2015 26 40 230 nd 12 [4.0]  18/19 18/19 
2016 19 22 150 nd 15 [5.1]  16/19 16/19 
2017 29 32 170 4 4 [1] 19/19 19/19 
2018 19 29 70 nd 15 [5] 15/18 15/18 
2019 20 19 280 3 3 [1]  16/16 16/16 

 
(pg/g-wet) 

2007 tr(140) tr(140) 210 tr(89) 180 [61]  10/10 2/2 
2010 91 --- 170 49 1.9 [0.7]  2/2 2/2 
2011 --- --- 52 52 4 [1]  1/1 1/1 
2012 77 --- 130 46 8.1 [2.7]  2/2 2/2 

2013  300 --- 390 230 78 [26]  2/2 2/2 
2014  56 --- 560 tr(5.6) 9.3 [3.1]  2/2 2/2 
2015  --- --- 53 53 12 [4.0]  1/1 1/1 
2016  240 --- 570 100 15 [5.1]  2/2 2/2 
2017  130 --- 470 35 4 [1] 2/2 2/2 
2018  370 --- 480 280 15 [5] 2/2 2/2 
2019  --- --- 470 470 3 [1]  1/1 1/1 

1 2007  
2 2013 2012

 
3 2008 2009  
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36 0.04pg/m3 36

36 110pg/m3  

2007 2019  

   
    [ ] 

   
  

 
(pg/m3) 

2007  85 83 310 18 12 [4.8]  78/78 26/26 
2007  60 55 220 27  75/75 25/25 
2009  63 64 210 20 6.4 [2.5]  111/111 37/37 
2009  25 22 120 tr(5.0)  111/111 37/37 
2010  68 73 140 36 1.2 [0.5]  37/37 37/37 
2010  70 69 180 37  37/37 37/37 
2011  61 60 140 30 2.1 [0.70]  35/35 35/35 
2011  59 57 180 26  37/37 37/37 
2012  58 57 150 31 1.8 [0.6]  36/36 36/36 
2012  55 55 120 27  36/36 36/36 
2013  55 58 160 27 1.7 [0.6]  36/36 36/36 
2013  55 52 110 34  36/36 36/36 
2014  83 86 210 39 0.9 [0.3]  36/36 36/36 
2015  67 68 170 34 0.6 [0.2]  35/35 35/35 
2016  75 75 220 33 0.5 [0.2]  37/37 37/37 
2017  71 69 200 32 0.3 [0.1] 37/37 37/37 
2018  59 61 100 30 0.22 [0.08] 37/37 37/37 
2019  64 64 110 36 0.09 [0.04]  36/36 36/36 

2008  
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1 2007

 
2 2002 2006 2008 2009 2016  

3-17-1  
 

 

 
1 2007  
2 2002 2006 2008 2009  

3-17-2  
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(p
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L)
[17] 

[ ] (pg/L)
2010 4 [1]
2011 2.4 [0.9]
2012 3 [1] 
2013 4 [1] 
2014 0.8 [0.3]
2015 1.5 [0.5]
2017 1.4 [0.6]
2018 1.3 [0.5]
2019 6 [2]
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[ ] (pg/g-dry)
2007 86 [33]
2010 0.9 [0.3]
2011 5 [2]
2012 2.5 [0.8] 
2013 2.1 [0.7] 
2014 2.4 [0.8]
2015 1.5 [0.5]
2016 1.8 [0.6]
2017 1.2 [0.5]
2018 0.9 [0.3]
2019 0.9 [0.4]

[17] 
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1 2007  
2 2013 2012
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[17] 

[ ] (pg/g-wet)
2007 180 [61]
2010 1.9 [0.7]
2011 4 [1]
2012 8.1 [2.7] 
2013 78 [26]  
2014 9.3 [3.1]
2015 12 [4.0]
2016 15 [5.1]
2017 4 [1]
2018 15 [5]
2019 3 [1]
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[17] 

[ ] (pg/m3)
2007 12 [4.8]
2009 6.4 [2.5]
2010 1.2 [0.5]
2011 2.1 [0.70]
2012 1.8 [0.6]
2013 1.7 [0.6]
2014 0.9 [0.3] 
2015 0.6 [0.2]
2016 0.5 [0.2]
2017 0.3 [0.1]
2018 0.22 [0.08]
2019 0.09 [0.04]
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[18]  

 

2011 4 POPs 5

COP5 2014 5

 

2011 2001

1982 1992  

2002 2011 2012

2014 2015 2016

2018  

2019 2018  

 

2018  

 

2011 2018 - -
 

-    
    [ ] 

   
  

 
(pg/L) 

2011 nd nd 180 nd 120 [50]  2/49 2/49 
2012 nd nd 30 nd 27 [10]  3/48 3/48 
2018 nd nd tr(50) nd 120 [40]  1/47 1/47 

-    
    [ ] 

   
  

 
(pg/L) 

2011 nd nd 270 nd 22 [9]  8/49 8/49 
2012 nd nd tr(12) nd 24 [9]  1/48 1/48 
2018 nd nd tr(20) nd 30 [10]  3/47 3/47 

2013 2017  
 

 

2011 2018 - -
 

-    
    [ ] 

   
  

 
(pg/g-dry) 

2011 tr(13) tr(11) 480 nd 30 [10]  35/64 35/64 
2012 nd nd 480 nd 13 [5]  19/63 19/63 
2018 nd nd 30 nd 5 [2]  21/61 21/61 

-    
    [ ] 

   
  

 
(pg/g-dry) 

2011 tr(5) tr(4) 240 nd 9 [4]  38/64 38/64 
2012 nd nd 250 nd 13 [5]  8/63 8/63 
2018 nd nd 41 nd 5 [2]  11/61 11/61 

2013 2017  
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2011 2015 - -
 

-    
    [ ] 

   
  

 
(pg/g-wet) 

2011 62 120 330 nd 50 [20]  3/4 3/4 
2012 tr(54) tr(61) 200 nd 71 [24]  4/5 4/5 
2014 tr(20) nd 130 nd 60 [20]  1/3 1/3 
2015 nd nd 130 nd 120 [38]  1/3 1/3 

 
(pg/g-wet) 

2011 tr(20) tr(20) 140 nd 50 [20]  10/18 10/18 
2012 nd nd tr(54) nd 71 [24]  6/19 6/19 
2014 nd nd tr(30) nd 60 [20]  1/19 1/19 

2015  nd nd tr(49) nd 120 [38]  1/19 1/19 

 
(pg/g-wet) 

2011 --- --- nd nd 50 [20]  0/1 0/1 
2012 nd --- nd nd 71 [24]  0/2 0/2 

2014  nd --- nd nd 60 [20]  0/2 0/2 
2015  --- --- nd nd 120 [38]  0/1 0/1 

-    
    [ ] 

   
  

 
(pg/g-wet) 

2011 16 26 52 4 11 [4]  4/4 4/4 
2012 15 16 43 nd 14 [5]  4/5 4/5 
2014 nd nd 23 nd 19 [6]  1/3 1/3 
2015 nd nd tr(22) nd 32 [11]  1/3 1/3 

 
(pg/g-wet) 

2011 nd nd 37 nd 11 [4]  9/18 9/18 
2012 nd nd 15 nd 14 [5]  6/19 6/19 
2014 nd nd tr(8) nd 19 [6]  3/19 3/19 
2015 nd nd tr(11) nd 32 [11]  1/19 1/19 

 
(pg/g-wet) 

2011 --- --- nd nd 11 [4]  0/1 0/1 
2012 nd --- tr(7) nd 14 [5]  1/2 1/2 

2014  nd --- tr(8) nd 19 [6]  1/2 1/2 
2015  --- --- nd nd 32 [11]  0/1 0/1 

1 2014 2012
 

2 2013  
 

 

2011 2016 - -
 

-    
    [ ] 

   
  

 
(pg/m3) 

2011  26 24 190 tr(7.8) 12 [4.0]  35/35 35/35 
2011  tr(9.6) tr(9.8) 45 nd  35/37 35/37 
2012  23 22 98 tr(6.0) 16 [5.3]  36/36 36/36 
2012  nd nd 19 nd  15/36 15/36 
2014  20 23 90 2.6 0.8 [0.3]  36/36 36/36 
2015  10 11 140 1.6 1.0 [0.3]  35/35 35/35 
2016  8.9 9.3 46 1.0 0.8 [0.3]  37/37 37/37 

-    
    [ ] 

   
  

 
(pg/m3) 

2011  2.1 1.8 11 nd 1.2 [0.39]  34/35 34/35 
2011  tr(0.80) tr(0.90) 8.3 nd  31/37 31/37 
2012  1.3 1.3 18 nd 1.2 [0.4]  33/36 33/36 
2012  nd nd 1.7 nd  17/36 17/36 
2014  1.3 1.4 6.1 nd 1.2 [0.4]  33/36 33/36 
2015  0.7 0.6 38 nd 0.5 [0.2]  33/35 33/35 
2016  0.8 tr(0.7) 3.3 nd 0.8 [0.3]  34/37 34/37 

2013  
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1 2002 2010 2013  
2 2012 1/2  

3-18-1-1 -  

 

 
1 2002 2010 2013  
2 2012 1/2  

3-18-2-1 -  

0

5

10

15

20

25

30

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[18-1] -

[ ] (pg/m3)
2011 12 [4.0]
2012 16 [5.3]
2014 0.8 [0.3] 
2015 1.0 [0.4]
2016 0.8 [0.3]

0

0.5

1

1.5

2

2.5

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[18-2] -

[ ] (pg/m3)
2011 1.2 [0.39]
2012 1.2 [0.4]
2014 1.2 [0.4] 
2015 0.5 [0.2]
2016 0.8 [0.3]
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[19] 1,2,5,6,9,10-  

 

1,2,5,6,9,10- 2013

4 5 POPs 6 COP6 -1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

2014 5

 

2011 2001

1987 2002

2003 2004

 

2002 -1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10-

-1,2,5,6,9,10- 2011

2012

2014 2015

-1,2,5,6,9,10-

-1,2,5,6,9,10- -1,2,5,6,9,10- 2016

2017

2018 2019

 

 

 

 

-1,2,5,6,9,10- 3

9pg/g-wet 3 68 260pg/g-wet

16 9pg/g-wet 16 15 980pg/g-wet

1 9pg/g-wet

1,100pg/g-wet  

2011 2019

 

-1,2,5,6,9,10- 3

9pg/g-wet 3 1 tr(22)pg/g-wet 16

9pg/g-wet 16 1

9pg/g-wet  

2011 2019
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-1,2,5,6,9,10- 3

9pg/g-wet 3 tr(13) 140pg/g-wet

16 9pg/g-wet 16 9 62pg/g-wet

1 9pg/g-wet

 

2011 2019  

2011 2019 -1,2,5,6,9,10-
-1,2,5,6,9,10- -1,2,5,6,9,10-

 
-1,2,5,6,9,10-

   
    [ ] 

   
  

 
(pg/g-wet) 

2011 1,100 1,200 13,000 tr(86) 170 [70]  10/10 4/4 
2012 530 480 2,500 190 50 [20]  5/5 5/5 
2014 270 270 380 200 30 [10]  3/3 3/3 
2015 260 200 560 150 30 [10]  3/3 3/3 
2016 140 140 180 110 22 [9]  3/3 3/3 
2017 190 200 430 86 24 [9] 3/3 3/3 
2018 120 88 270 76 23 [9] 3/3 3/3 
2019 140 150 260 68 24 [9]  3/3 3/3 

 
(pg/g-wet) 

2011 770 850 69,000 nd 170 [70]  41/51 16/17 
2012 510 560 8,700 nd 50 [20]  18/19 18/19 
2014 240 290 15,000 nd 30 [10]  18/19 18/19 
2015 160 180 3,000 nd 30 [10]  18/19 18/19 
2016 110 140 1,100 tr(12) 22 [9]  19/19 19/19 
2017 140 140 7,800 tr(9) 24 [9] 19/19 19/19 
2018 89 140 530 nd 23 [9] 17/18 17/18 
2019 79 92 980 nd 24 [9]  15/16 15/16 

 
(pg/g-wet) 

2011 200 nd 530 nd 170 [70]  1/3 1/1 
2012 120 --- 1,400 nd 50 [20]  1/2 1/2 

2014  480 --- 1,800 130 30 [10]  2/2 2/2 
2015  --- --- 80 80 30 [10]  1/1 1/1 
2016  400 --- 1,600 100 22 [9]  2/2 2/2 
2017  330 --- 2,200 50 24 [9] 2/2 2/2 
2018  600 --- 610 590 23 [9] 2/2 2/2 
2019  --- --- 1,100 1,100 24 [9]  1/1 1/1 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/g-wet) 

2011 tr(70) tr(85) 240 nd 98 [40]  7/10 3/4 
2012 tr(25) 40 90 nd 40 [10]  4/5 4/5 
2014 tr(10) tr(10) tr(20) tr(10) 30 [10]  3/3 3/3 
2015 tr(10) tr(10) 30 nd 30 [10]  2/3 2/3 
2016 nd tr(8) tr(9) nd 21 [8]  2/3 2/3 
2017 tr(9) nd 36 nd 23 [9] 1/3 1/3 
2018 nd nd nd nd 22 [8] 0/3 0/3 
2019 nd nd tr(22) nd 24 [9]  1/3 1/3 

 
(pg/g-wet) 

2011 nd nd 760 nd 98 [40]  11/51 5/17 
2012 nd nd 40 nd 40 [10]  8/19 8/19 
2014 nd nd 30 nd 30 [10]  5/19 5/19 
2015 nd nd tr(20) nd 30 [10]  2/19 2/19 
2016 nd nd tr(12) nd 21 [8]  3/19 3/19 
2017 nd nd tr(12) nd 23 [9] 2/19 2/19 
2018 nd nd nd nd 22 [8] 0/18 0/18 
2019 nd nd nd nd 24 [9]  0/16 0/16 

 
(pg/g-wet) 

2011 nd nd nd nd 98 [40]  0/3 0/1 
2012 nd --- nd nd 40 [10]  0/2 0/2 

2014  nd --- nd nd 30 [10]  0/2 0/2 
2015  --- --- nd nd 30 [10]  0/1 0/1 
2016  nd --- nd nd 21 [8]  0/2 0/2 
2017  nd --- nd nd 23 [9] 0/2 0/2 
2018  nd --- nd nd 22 [8] 0/2 0/2 
2019  --- --- nd nd 24 [9]  0/1 0/1 
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-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/g-wet) 

2011 440 470 3,300 nd 210 [80]  8/10 4/4 
2012 170 180 910 30 30 [10]  5/5 5/5 
2014 60 60 110 30 30 [10]  3/3 3/3 
2015 70 90 200 tr(20) 30 [10]  3/3 3/3 
2016 37 39 61 tr(21) 24 [9]  3/3 3/3 
2017 49 30 200 tr(20) 24 [9] 3/3 3/3 
2018 tr(19) 39 46 nd 21 [8] 2/3 2/3 
2019 34 22 140 tr(13) 22 [9]  3/3 3/3 

 
(pg/g-wet) 

2011 210 tr(90) 50,000 nd 210 [80]  26/51 10/17 
2012 75 80 1,600 nd 30 [10]  16/19 16/19 
2014 30 tr(20) 2,800 nd 30 [10]  12/19 12/19 
2015 tr(20) tr(10) 230 nd 30 [10]  10/19 10/19 
2016 tr(16) tr(13) 160 nd 24 [9]  11/19 11/19 
2017 tr(16) tr(18) 120 nd 24 [9] 12/19 12/19 
2018 tr(11) tr(11) 130 nd 21 [8] 10/18 10/18 
2019 tr(12) tr(13) 62 nd 22 [9]  9/16 9/16 

 
(pg/g-wet) 

2011 tr(180) nd 460 nd 210 [80]  1/3 1/1 
2012 31 --- 190 nd 30 [10]  1/2 1/2 

2014  tr(10) --- tr(10) tr(10) 30 [10]  2/2 2/2 
2015  --- --- tr(10) tr(10) 30 [10]  1/1 1/1 
2016  tr(10) --- tr(20) nd 24 [9]  1/2 1/2 
2017  tr(9) --- tr(18) nd 24 [9] 1/2 1/2 
2018  nd --- nd nd 21 [8] 0/2 0/2 
2019  --- --- nd nd 22 [9]  0/1 0/1 

1 2011  
2 2014 2012

 
3 2013  

 

 

-1,2,5,6,9,10- 36 0.1pg/m3

36 35 4.1pg/m3  

-1,2,5,6,9,10- 36 0.08pg/m3

36 26 1.2pg/m3  

-1,2,5,6,9,10- 36 0.2pg/m3

36 15 1.5pg/m3  

2012 2019 1,2,5,6,9,10-  
-1,2,5,6,9,10-

   
    [ ] 

   
  

 
(pg/m3) 

2012  1.7 2.2 130 nd 0.6 [0.2]  31/36 31/36 
2012  2.9 3.0 63 nd  35/36 35/36 
2014  tr(0.6) tr(0.7) 3.1 nd 1.2 [0.4]  25/36 25/36 
2015  tr(0.6) tr(0.7) 30 nd 0.9 [0.3]  26/35 26/35 
2016  0.5 0.5 2.4 tr(0.1) 0.3 [0.1]  37/37 37/37 
2017  0.5 0.5 3.3 nd 0.3 [0.1] 36/37 36/37 
2019  0.5 0.5 4.1 nd 0.3 [0.1]  35/36 35/36 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/m3) 

2012  0.5 0.5 29 nd 0.3 [0.1]  30/36 30/36 
2012  0.8 0.8 18 nd  35/36 35/36 
2014  nd nd tr(0.8) nd 1.0 [0.3]  8/36 8/36 
2015  nd nd 3.9 nd 0.8 [0.3]  7/35 7/35 
2016  tr(0.1) tr(0.1) 0.7 nd 0.3 [0.1]  21/37 21/37 
2017  tr(0.2) tr(0.1) 0.8 nd 0.3 [0.1] 33/37 33/37 
2019  tr(0.13) tr(0.15) 1.2 nd 0.21 [0.08]  26/36 26/36 

 

  



 

 389  

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/m3) 

2012  1.6 1.7 280 nd 0.3 [0.1]  31/36 31/36 
2012  2.1 1.8 84 nd  35/36 35/36 
2014  nd nd tr(1.2) nd 1.3 [0.4]  4/36 4/36 
2015  nd nd 4.4 nd 0.8 [0.3]  11/35 11/35 
2016  tr(0.1) nd 1.4 nd 0.3 [0.1]  16/37 16/37 
2017  tr(0.1) tr(0.1) 0.8 nd 0.3 [0.1] 20/37 20/37 
2019  nd nd 1.5 nd 0.4 [0.2]  15/36 15/36 

2013 2018  
 

2016  

 

2011 2014 1,2,5,6,9,10-  
-1,2,5,6,9,10-

   
    [ ] 

   
  

 
(pg/L) 

2011 nd nd 6,300 nd 1,500 [600]  4/47 4/47 
2014 nd nd 1,600 nd 1,500 [600]  1/48 1/48 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/L) 
2011 nd nd 1,300 nd 1,300 [500]  4/47 4/47 
2014 nd nd tr(300) nd 500 [200]  1/48 1/48 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/L) 
2011 nd nd 65,000 nd 1,200 [500]  5/47 5/47 
2014 nd nd nd nd 700 [300]  0/48 0/48 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/L) 
2011 nd nd nd nd 790 [300]  0/47 0/47 
2014 nd nd nd nd 600 [200]  0/48 0/48 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/L) 
2011 nd nd nd nd 740 [300]  0/47 0/47 
2014 nd nd nd nd 400 [200]  0/48 0/48 

 
 

2011 2016 1,2,5,6,9,10-  
-1,2,5,6,9,10-

   
    [ ] 

   
  

 
(pg/g-dry) 

2011 430 nd 24,000 nd 420 [280]  78/186 35/62 
2012 310 280 22,000 nd 180 [70]  47/63 47/63 
2015 390 410 27,000 nd 150 [60]  47/62 47/62 
2016 260 210 27,000 nd 130 [60]  43/62 43/62 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/g-dry) 

2011 nd nd 14,000 nd 250 [170]  48/186 21/62 
2012 tr(93) nd 8,900 nd 150 [60]  29/63 29/63 
2015 120 92 7,600 nd 150 [60]  33/62 33/62 
2016 tr(87) nd 7,400 nd 130 [50]  31/62 31/62 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/g-dry) 

2011 670 nd 570,000 nd 400 [260]  89/186 36/62 
2012 420 330 55,000 nd 160 [60]  52/63 52/63 
2015 330 450 60,000 nd 110 [42]  48/62 48/62 
2016 250 190 50,000 nd 150 [60]  42/62 42/62 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/g-dry) 
2011 nd nd 800 nd 350 [250]  11/186 6/62 
2012 nd nd 680 nd 300 [100]  5/63 5/63 
2015 nd nd nd nd 180 [70]  0/62 0/62 

-1,2,5,6,9,10-
   

    [ ] 
   

  
 

(pg/g-dry) 
2011 nd nd tr(260) nd 280 [210]  2/186 1/62 
2012 nd nd 310 nd 150 [60]  7/63 7/63 
2015 nd nd nd nd 130 [51]  0/62 0/62 

1 2011  
2 2013 2014 2016 -1,2,5,6,9,10-

-1,2,5,6,9,10-  



 

 390  

 

 
2011 2015 -1,2,5,6,9,10-

-1,2,5,6,9,10-  
-1,2,5,6,9,10-

   
    [ ] 

   
  

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/10 0/4 
2012 nd nd nd nd 50 [20]  0/5 0/5 
2014 nd nd nd nd 30 [10]  0/3 0/3 
2015 nd nd nd nd 30 [10]  0/3 0/3 

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/51 0/17 
2012 nd nd nd nd 50 [20]  0/19 0/19 
2014 nd nd nd nd 30 [10]  0/19 0/19 
2015 nd nd tr(20) nd 30 [10]  1/19 1/19 

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/3 0/1 
2012 nd --- nd nd 50 [20]  0/2 0/2 

2014  nd --- nd nd 30 [10]  0/2 0/2 
2015  --- --- nd nd 30 [10]  0/1 0/1 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/10 0/4 
2012 nd nd tr(30) nd 40 [20]  1/5 1/5 
2014 nd nd tr(20) nd 30 [10]  1/3 1/3 
2015 nd nd tr(10) nd 30 [10]  1/3 1/3 

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/51 0/17 
2012 nd nd tr(30) nd 40 [20]  3/19 3/19 
2014 nd nd 80 nd 30 [10]  3/19 3/19 
2015 nd nd tr(10) nd 30 [10]  1/19 1/19 

 
(pg/g-wet) 

2011 nd nd nd nd 140 [60]  0/3 0/1 
2012 nd --- nd nd 40 [20]  0/2 0/2 

2014  nd --- nd nd 30 [10]  0/2 0/2 
2015  --- --- nd nd 30 [10]  0/1 0/1 

1 2011  
2 2014 2012

 
3 2013  

 

 

2012 2015 -1,2,5,6,9,10-
-1,2,5,6,9,10-  

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/m3) 

2012  nd nd 0.8 nd 0.4 [0.2]  1/36 1/36 
2012  nd nd 1.1 nd  1/36 1/36 
2014  nd nd nd nd 1.8 [0.6]  0/36 0/36 
2015  nd nd 1.9 nd 1.9 [0.6]  1/35 1/35 

-1,2,5,6,9,10-
   

    [ ] 
   

  

 
(pg/m3) 

2012  nd nd nd nd 0.6 [0.2]  0/36 0/36 
2012  nd nd tr(0.5) nd  1/36 1/36 
2014  nd nd nd nd 0.9 [0.3]  0/36 0/36 
2015  nd nd nd nd 0.9 [0.3]  0/35 0/35 

2013  
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1 2011  
2 2002 2010 2013 2014 2017 2019  

3-19-1-1 -1,2,5,6,9,10-  

 
 

 
1 2011  
2 2014 2012

 
3 2002 2010 2013 2019  

3-19-1-2 -1,2,5,6,9,10-  

0
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02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[ ] (pg/g-dry)
2011 420 [280]
2012 180 [70] 
2015 150 [60] 
2016 130 [60] 

[19-1] -1,2,5,6,9,10-

0

200

400

600

800

1,000

1,200

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[19-1] -1,2,5,6,9,10-

[ ] (pg/g-wet)
2011 170 [70]
2012 50 [20] 
2014 30 [10]
2015 30 [10]
2016 22 [9]
2017 24 [9]
2018 23 [9]
2019 24 [9]
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2002 2011 2013 2018 2019  

3-19-1-3 -1,2,5,6,9,10-  

 

 

 
1 2011  
2 2002 2010 2013 2014 2017 2019  
2 2011 1/2  

3-19-2-1 -1,2,5,6,9,10-  

  

0
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1.5
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3

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[19-1] -1,2,5,6,9,10-

[ ] (pg/m3)
2012 0.6 [0.2]
2014 1.2 [0.4] 
2015 0.9 [0.3]
2016 0.3 [0.1]
2017 0.3 [0.1]
2019 0.3 [0.1]
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2012 150 [60] 
2015 150 [60] 
2016 130 [50] 

[19-2] -1,2,5,6,9,10-
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1 2011  
2  
3 2014 2012

 
4 2002 2010 2013 2019  
5 2016 2018 2019 1/2

 

3-19-2-2 -1,2,5,6,9,10-  
 

 
1 2002 2011 2013 2018 2019  
2 2014 2015 1/2  

3-19-2-3 -1,2,5,6,9,10-  
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20
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60

80

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
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[19-2] -1,2,5,6,9,10-

[ ] (pg/g-wet)
2011 98 [40]
2012 40 [10] 
2014 30 [10]
2015 30 [10]
2016 21 [8]
2017 23 [9]
2018 22 [8]
2019 24 [9]

0

0.2

0.4

0.6

0.8

1

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[19-2] -1,2,5,6,9,10-

[ ] (pg/m3)
2012 0.3 [0.1]
2014 1.0 [0.3] 
2015 0.8 [0.3]
2016 0.3 [0.1]
2017 0.3 [0.1]
2019 0.21 [0.08]
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1 2011  
2 2002 2010 2013 2014 2017 2019  

3-19-3-1 -1,2,5,6,9,10-  

 

 
1 2011  
2 2014 2012

 
3 2002 2010  2013 2019  

3-19-3-2 -1,2,5,6,9,10-  

  

0

100
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(p
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g-
dr
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[ ] (pg/g-dry)
2011 400 [260]
2012 160 [60] 
2015 110 [42] 
2016 150 [60] 

[19-3] -1,2,5,6,9,10-

0

100

200

300

400

500

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w
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)

[19-3] -1,2,5,6,9,10-

[ ] (pg/g-wet)
2011 210 [80]
2012 30 [10] 
2014 30 [10]
2015 30 [10]
2016 24 [9]
2017 24 [9]
2018 21 [8]
2019 22 [9]
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[20]  

 

3

1979 8 POPs

2015 5 7 COP7 2 8

2

2016 4  

2001 1980 1985

1987 1989 1991 1993

 

2002 1 8 2006

2008

2014 2015 2016 2017

2018 2019

 

 
 

 

48 7.5pg/L 48 32

260pg/L  

2008 2019  

   
    [ ] 

   
  

 
(pg/L) 

2008 nd nd 180 nd 85[30]  9/48 9/48 
2018 tr(32) tr(34) 260 nd 35 [12]  39/47 39/47 
2019 tr(14) tr(12) 260 nd 24 [7.5]  32/48 32/48 

1 [ ] [ ]  
2 2009 2017  

 

 

 

61 2.7pg/g-dry 61

13 58,000pg/g-dry  

2008 2019  

   
    [ ] 

   
  

 
(pg/g-dry) 

2008 410 400 28,000 nd 84 [30]  166/189 58/63 
2016 760 870 160,000 nd 59 [20]  59/62 59/62 
2017 630 800 32,000  tr(16) 27 [9.1]  62/62 62/62 
2018 680 810 34,000 9.9 8.5 [3.2]  61/61 61/61 
2019 600 720 58,000 13 7.3 [2.7]  61/61 61/61 

1 2008  
2 [ ] [ ]  
3 2009 2015  
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3 15pg/g-wet 3 2

820pg/g-wet 16

15pg/g-wet 16 12 270pg/g-wet

1 5pg/g-wet 170pg/g-wet  

2006 2019
 

   
    [ ] 

   
  

 
(pg/g-wet) 

2006 98 73 1.2 tr(19) 27 [11]  31/31 7/7 
2008 94 73 1,300 tr(11) 26 [10]  31/31 7/7 
2015 70 67 580 nd 54 [18]  2/3 2/3 
2016 72 tr(49) 790 nd 57 [19]  2/3 2/3 
2017 46 68 1,400 nd 33 [12] 2/3 2/3 
2018 58 tr(22) 700 tr(13) 36 [12] 3/3 3/3 
2019 84 96 820 nd 40 [15]  2/3 2/3 

 
(pg/g-wet) 

2006 72 49 2,700 nd 27 [11]  78/80 16/16 
2008 59 40 2,200 nd 26 [10]  79/85 17/17 
2015 tr(50) 85 390 nd 54 [18]  13/19 13/19 
2016 tr(44) tr(48) 340 nd 57 [19]  13/19 13/19 
2017 32 51 360 nd 33 [12] 17/19 17/19 
2018 41 36 520 nd 36 [12] 16/18 16/18 
2019 46 78 270 nd 40 [15]  12/16 12/16 

 
(pg/g-wet) 

2006 tr(17) tr(18) 27 tr(11) 27 [11]  10/10 2/2 
2008 tr(10) nd tr(22) nd 26 [10]  5/10 1/2 

2015  --- --- tr(20) tr(20) 54 [18]  1/1 1/1 
2016  130 --- 320 tr(49) 57 [19]  2/2 2/2 
2017  91 --- 460 tr(18) 33 [12] 2/2 2/2 
2018  230 --- 250 220 36 [12] 2/2 2/2 
2019  --- --- 170 170 40 [15]  1/1 1/1 

1 2006 2008
 

2 [ ] [ ]  
3 2015 2008

 
4 2007 2009 2014  

 

 

36 0.2pg/m3 36

6.5 1,100pg/m3  

2008 2019  

   
    [ ] 

   
  

 
(pg/m3) 

2008  200 230 660 35 4.0 [1.3]  22/22 22/22 
2008  tr(9.6) tr(9.8) 45 nd  36/36 36/36 
2014  110 130 1,600 5.4 2.8 [1.0]  36/36 36/36 
2016  110 130 660 9.0 0.79 [0.28]  37/37 37/37 
2017  110 120 920 7 0.67 [0.24] 37/37 37/37 
2018  86 110 590 5.3 0.5 [0.2] 37/37 37/37 
2019  100 130 1,100 6.5 0.6 [0.2]  36/36 36/36 

1 [ ] [ ]  
2 2009 2013 2015  
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1 2008  
2 2002 2007 2009 2015  

3-20-1  

 
 

 
1 2006 2008

 
2 2015 2008

 
3 2002 2005 2007 2009 2014  

3-20-2  

0

200

400

600

800

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
dr

y)

[ ] (pg/g-dry)
2008 84 [30]
2016 59 [20] 
2017 27 [9.1] 
2018 8.5 [3.2]
2019 7.3 [2.7]

[20] 

0

20

40

60

80

100

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

(p
g/

g-
w

et
)

[20] 

[ ] (pg/g-wet)
2006 27 [11]
2008 26 [10] 
2015 54 [18]
2016 57 [19]
2017 33 [12]
2018 36 [12]
2019 40 [15]
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1 2008  
2 2002 2007 2009 2013 2015  

3-20-3  

 

0

50

100

150

200

250

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[20] 

[ ] (pg/m3)
2008 4.0 [1.3]
2014 2.8 [1.0] 
2016 0.79 [0.28]
2017 0.67 [0.24]
2018 0.5 [0.2]
2019 0.6 [0.2]
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[21] -1,3-  

 

-1,3- 2005 4 1

POPs 2015 5 7

COP7  

2007 2002

1981 2002

2007  

2002 2007 2013

2015 2019  

 

 

 

36 20pg/m3 36 35

5,800pg/m3  

2015 2019 -1,3-  

-1,3-    
    [ ] 

   
  

 
(pg/m3) 

2015  1,100 1,200 3,500 45 29 [11]  102/102 34/34 
2016  850 800 4,300 510 60 [20]  111/111 37/37 
2017  4,200 4,000 23,000 1,100 60 [20] 37/37 37/37 
2018  3,600 3,500 8,500 150 30 [10] 110/110 37/37 
2019  1,500 2,600 5,800 nd 50 [20]  104/108 35/36 

 

2013  

 

2007 2013 -1,3-  

-1,3-    
    [ ] 

   
  

 
(pg/L) 

2007 nd nd nd nd 870 [340]  0/48 0/48 
2013 nd nd tr(43) nd 94 [37]  1/48 1/48 

 

 

2007 2013 -1,3-  

-1,3-    
    [ ] 

   
  

 
(pg/g-dry) 

2007 nd nd 1,300 nd 22 [8.5]  22/192 10/64 
2013 nd nd 1,600 nd 9.9 [3.8]  40/189 20/63 

 
 

  



 

 400  

 

2007 2013 -1,3-
 

-1,3-    
    [ ] 

   
  

 
(pg/g-wet) 

2007 nd nd nd nd 36 [12]  0/31 0/7 
2013 nd nd tr(7.1) nd 9.4 [3.7]  3/13 1/5 

 
(pg/g-wet) 

2007 nd nd nd nd 36 [12]  0/80 0/16 
2013 nd nd 59 nd 9.4 [3.7]  7/57 4/19 

 
(pg/g-wet) 

2007 nd nd nd nd 36 [12]  0/10 0/2 
2013  nd nd nd nd 9.4 [3.7]  0/6 0/2 

1  
2 2013 2007
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2002 2014  

3-21-1 -1,3-  

  

0

1,000

2,000

3,000

4,000

5,000

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

pg
/m

3

[21] -1,3-

[ ] (pg/m3)
2015 29 [11]
2016 60 [20]
2017 60 [20]
2018 30 [10]
2019 50 [20]



 

 402  

[22]  

 

2015

5 POPs 7 COP7

2016 10 1

 

2015 2001

1974 1996 2002

2005

 

2002 2015 2016

2017 2019

 

 

 

 

48 20pg/L 48 32

3,500pg/L  

48 10pg/L 48 20

210pg/L  

2015 2019
 

   
    [ ] 

   
  

 
(pg/L) 

2015 tr(130) tr(90) 26,000 nd 260 [85]  25/48 25/48 
2017 86 110 3,500  nd 30 [10] 43/47 43/47 
2018 50 47 4,400 nd 24 [9] 44/47 44/47 
2019 tr(60) tr(50) 3,500 nd 60 [20]  32/48 32/48 

   
    [ ] 

   
  

 
(pg/L) 

2017 tr(10) tr(8) 1,000  nd 14 [5] 32/47 32/47 
2018 tr(10) tr(7) 230 nd 16 [6]  30/47 30/47 
2019 tr(10) nd 210 nd 30 [10]  20/48 20/48 

2016 2015  
 

 

61 2pg/g-dry 61

7 6,200pg/g-dry  

61 0.8pg/g-dry 61

60 140pg/g-dry  
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2017 2019
 

   
    [ ] 

   
  

 
(pg/g) 

2017 350 390 7,400  8  4 [2] 62/62 62/62 
2018 220 300 3,900 nd 18 [6]  59/61 59/61 
2019 260 380 6,200 7 6 [2]  61/61 61/61 

   
    [ ] 

   
  

 
(pg/g) 

2017 34 32 190  nd 5 [2] 61/62 61/62 
2018 tr(23) tr(25) 160 nd 27 [9]  53/61 53/61 
2019 14 15 140 nd 2.1 [0.8]  60/61 60/61 

 

 

3 4pg/g-wet

3 13 54pg/g-wet 16

4pg/g-wet 16 14 57pg/g-wet

1 4pg/g-wet 430pg/g-wet

 

3 1pg/g-wet

3 tr(2) 15pg/g-wet 16

1pg/g-wet 16 tr(1) 59pg/g-wet

1 1pg/g-wet 91pg/g-wet

 

2016 2019
 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 tr(45) tr(46) 65 tr(30) 63 [21]  3/3 3/3 
2017 nd nd tr(35) nd 36 [12] 1/3 1/3 
2018 tr(20) tr(20) 30 tr(10) 30 [10] 3/3 3/3 
2019 26 26 54 13 10 [4]  3/3 3/3 

 
(pg/g-wet) 

2016 100 130 990 nd 63 [21]  18/19 18/19 
2017 tr(15) tr(15) 110 nd 36 [12] 14/19 14/19 
2018 tr(10) tr(10) 80 nd 30 [10] 13/18 13/18 
2019 17 22 57 nd 10 [4]  14/16 14/16 

 
(pg/g-wet) 

2016 1,200 --- 3,100 440 63 [21]  2/2 2/2 
2017 1,800 --- 11,000 300 36 [12] 2/2 2/2 
2018 460 --- 1,200 180 30 [10] 2/2 2/2 
2019 --- --- 430 430 10 [4]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 7 3 35 3 3 [1]  3/3 3/3 
2017 6 tr(3) 36 tr(2) 4 [1] 3/3 3/3 
2018 6 tr(4) 21 tr(2) 6 [2] 3/3 3/3 
2019 4 tr(2) 15 tr(2) 3 [1]  3/3 3/3 

 
(pg/g-wet) 

2016 8 6 100 tr(1) 3 [1]  19/19 19/19 
2017 7 5 120 tr(1) 4 [1] 19/19 19/19 
2018 8 7 73 nd 6 [2] 16/18 16/18 
2019 5 6 59 tr(1) 3 [1]  16/16 16/16 

 
(pg/g-wet) 

2016 12 --- 14 10 3 [1]  2/2 2/2 
2017 23 --- 47 11 4 [1] 2/2 2/2 
2018 15 --- 20 11 6 [2] 2/2 2/2 
2019 --- --- 91 91 3 [1]  1/1 1/1 
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36 0.2pg/m3 36

0.6 22pg/m3  

36 0.1pg/m3 36

4.3 180pg/m3  

2016 2019
 

   
    [ ] 

   
  

 
(pg/m3) 

2016  6.3 6.0 25 0.6 0.5 [0.2]  37/37 37/37 
2017  4.6 4.8 33 0.7 0.6 [0.2] 37/37 37/37 
2018  5.1 5.8 30 0.9 0.5 [0.2] 37/37 37/37 
2019  4.1 4.2 22 0.6 0.6 [0.2]  36/36 36/36 

   
    [ ] 

   
  

 
(pg/m3) 

2016  39 42 220 3.4 1.0 [0.4]  37/37 37/37 
2017  34 36 210 6.0 1.2 [0.5] 37/37 37/37 
2018  34 40 110 4.6 1.1 [0.4] 37/37 37/37 
2019  30 32 180 4.3 0.3 [0.1]  36/36 36/36 
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[23]  

 

2016 4 5 POPs 8

COP8 2018 4

48%  

2016 2002

2004 2005

2016

 

2002 2016 2017

2019  

 

 

 

 

48 200pg/L 48 17

2,300pg/L  

48 500pg/L 48 19

5,000pg/L  

48 400pg/L 48 20

34,000pg/L  

48 500pg/L 48 17

38,000pg/L  

2017 2019  
   

    [ ] 
   

  

 
(pg/L) 

2017 nd nd tr(1,600) nd 3,300 [1,100] 1/47 1/47 
2018 nd nd 1,600 nd 1,000 [400]  8/47 8/47 
2019 nd nd 2,300 nd 600 [200]  17/48 17/48 

   
    [ ] 

   
  

 
(pg/L) 

2017 nd nd 3,100  nd 1,500 [500] 13/47 13/47 
2018 nd nd 3,500 nd 2,000 [800]  6/47 6/47 
2019 nd nd 5,000 nd 1,400 [500]  19/48 19/48 

   
    [ ] 

   
  

 
(pg/L) 

2017 nd nd 10,000  nd 3,300 [1,100] 4/47 4/47 
2018 nd nd 3,000 nd 3,000 [1,000]  16/47 16/47 
2019 nd nd 34,000 nd 1,000 [400]  20/48 20/48 

   
    [ ] 

   
  

 
(pg/L) 

2017 nd nd 10,000  nd 3,600 [1,200] 7/47 7/47 
2018 nd nd 11,000 nd 4,500 [1,500]  18/47 18/47 
2019 nd nd 38,000 nd 1,300 [500]  17/48 17/48 

5 9  



 

 406  

 

 

61 1,000pg/g-dry 61 8

2,600pg/g-dry  

61 1,000pg/g-dry 61

22 5,900pg/g-dry  

61 1,000pg/g-dry 61 27

83,000pg/g-dry  

61 1,000pg/g-dry 61

39 60,000pg/g-dry  

2017 2019  
   

    [ ] 
   

  

 
(pg/g-dry) 

2017 nd nd 17,000  nd 10,000 [4,000]  12/62 12/62 
2018 nd nd 7,000 nd 6,000 [2,000]  7/61 7/61 
2019 nd nd 2,600 nd 2,000 [1,000]  8/61 8/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2017 nd nd 37,000  nd 10,000 [4,000]  19/62 19/62 
2018 nd nd tr(13,000) nd 15,000 [5,000]  7/61 7/61 
2019 nd nd 5,900 nd 2,000 [1,000]  22/61 22/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2017 nd nd 44,000  nd 11,000 [4,000]  19/62 19/62 
2018 tr(2,000) nd 38,000 nd 6,000 [2,000]  28/61 28/61 
2019 tr(1,100) nd 83,000 nd 2,000 [1,000]  27/61 27/61 

   
    [ ] 

   
  

 
(pg/g-dry) 

2017 nd nd 94,000  nd 12,000 [5,000]  18/62 18/62 
2018 nd nd 36,000 nd 9,000 [3,000]  24/61 24/61 
2019 tr(1,700) tr(1,700) 60,000 nd 2,000 [1,000]  39/61 39/61 

5 9  
 

 

3 300pg/g-wet 3

16 300pg/g-wet 16

5 tr(700)pg/g-wet 1

300pg/g-wet tr(600)pg/g-wet  

3 200pg/g-wet 3

1 600pg/g-wet 16

200pg/g-wet 16 11 1,100pg/g-wet

1 200pg/g-wet 1,400pg/g-wet

 

3 500pg/g-wet 3

16 500pg/g-wet 16

2 tr(900)pg/g-wet 1

500pg/g-wet tr(500)pg/g-wet  

3 200pg/g-wet 3
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tr(300) 1,100pg/g-wet 16

200pg/g-wet 16 11 1,300pg/g-wet

1 200pg/g-wet

1,300pg/g-wet  

2016 2019
 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 tr(700) tr(700) 2,200 nd 1,300 [500]  2/3 2/3 
2017 670 1,700 1,800 nd 500 [200] 2/3 2/3 
2018 nd tr(400) tr(400) nd 1,200 [400]  2/3 2/3 
2019 nd nd nd nd 900 [300]  0/3 0/3 

 
(pg/g-wet) 

2016 tr(600) tr(700) 2,800 nd 1,300 [500]  13/19 13/19 
2017 tr(410) tr(400) 2,100 nd 500 [200] 16/19 16/19 
2018 nd nd tr(800) nd 1,200 [400]  1/18 1/18 
2019 nd nd tr(700) nd 900 [300]  5/16 5/16 

 
(pg/g-wet) 

2016 tr(1,000) --- 1,300 tr(800) 1,300 [500]  2/2 2/2 
2017 tr(400) --- 1,600 nd 500 [200] 1/2 1/2 
2018 nd --- tr(600) nd 1,200 [400]  1/2 1/2 
2019 --- --- tr(600) tr(600) 900 [300]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 tr(2,900) tr(2,000) 6,000 tr(2,000) 3,000 [1,000]  3/3 3/3 
2017 2,200 3,400 11,000 tr(300) 800 [300] 3/3 3/3 
2018 nd nd nd nd 1,800 [700]  0/3 0/3 
2019 nd nd 600 nd 500 [200]  1/3 1/3 

 
(pg/g-wet) 

2016 tr(2,900) tr(2,000) 15,000 nd 3,000 [1,000]  18/19 18/19 
2017 1,900 1,100 24,000 nd 800 [300] 16/19 16/19 
2018 nd nd tr(700) nd 1,800 [700]  1/18 1/18 
2019 tr(300) tr(400) 1,100 nd 500 [200]  11/16 11/16 

 
(pg/g-wet) 

2016 4,900 --- 8,000 3,000 3,000 [1,000]  2/2 2/2 
2017 5,000 --- 31,000 800 800 [300] 2/2 2/2 
2018 nd --- nd nd 1,800 [700]  0/2 0/2 
2019 --- --- 1,400 1,400 500 [200]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 tr(1,400) tr(1,500) tr(1,800) tr(1,100) 2,100 [700]  3/3 3/3 
2017 2,000 1,400 4,700 1,300 900 [300] 3/3 3/3 
2018 nd nd nd nd 1,500 [600]  0/3 0/3 
2019 nd nd nd nd 1,200 [500]  0/3 0/3 

 
(pg/g-wet) 

2016 tr(1,800) tr(1,800) 8,700 nd 2,100 [700]  17/19 17/19 
2017 2,100 2,100 19,000 nd 900 [300] 18/19 18/19 
2018 nd nd nd nd 1,500 [600]  0/18 0/18 
2019 nd nd tr(900) nd 1,200 [500]  2/16 2/16 

 
(pg/g-wet) 

2016 3,800 --- 6,600 2,200 2,100 [700]  2/2 2/2 
2017 5,500 --- 25,000 1,200 900 [300] 2/2 2/2 
2018 nd --- nd nd 1,500 [600]  0/2 0/2 
2019 --- --- tr(500) tr(500) 1,200 [500]  1/1 1/1 

   
    [ ] 

   
  

 
(pg/g-wet) 

2016 tr(700) tr(700) tr(900) tr(500) 1,100 [400]  3/3 3/3 
2017 870 700 3,100 tr(300) 500 [200] 3/3 3/3 
2018 nd nd nd nd 1,400 [500]  0/3 0/3 
2019 500 400 1,100 tr(300) 400 [200]  3/3 3/3 

 
(pg/g-wet) 

2016 tr(800) tr(800) 4,900 nd 1,100 [400]  17/19 17/19 
2017 tr(290) nd 4,100 nd 500 [200] 8/19 8/19 
2018 nd nd nd nd 1,400 [500]  0/18 0/18 
2019 tr(200) tr(200) 1,300 nd 400 [200]  11/16 11/16 

 
(pg/g-wet) 

2016 1,400 --- 1,500 1,400 1,100 [400]  2/2 2/2 
2017 900 --- 8,100 nd 500 [200] 1/2 1/2 
2018 nd --- nd nd 1,400 [500]  0/2 0/2 
2019 --- --- 1,300 1,300 400 [200]  1/1 1/1 

5 9  
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36 100pg/m3 36

tr(100) 1,500pg/m3  

36 100pg/m3 36

tr(100) 2,300pg/m3  

36 90pg/m3 36 23

1,600pg/m3  

36 80pg/m3 36 19

1,600pg/m3  

2016 2019  
   

    [ ] 
   

  

 
(pg/m3) 

2016  tr(170) tr(200) 940 nd 290 [110]  24/37 24/37 
2017  370 380 1,500 tr(70) 140 [50] 37/37 37/37 
2018  370 390 1,700 tr(130) 150 [60]  37/37 37/37 
2019  400 400 1,500 tr(100) 400 [100]  36/36 36/36 
   

    [ ] 
   

  

 
(pg/m3) 

2016  tr(350) tr(320) 3,200 nd 610 [240]  20/37 20/37 
2017  500 510 2,300 tr(90) 190 [60] 37/37 37/37 
2018  450 430 2,600 tr(100) 110 [40]  37/37 37/37 
2019  400 400 2,300 tr(100) 300 [100]  36/36 36/36 

   
    [ ] 

   
  

 
(pg/m3) 

2016  nd nd 740 nd 430 [170]  7/37 7/37 
2017  190 190 730 tr(30) 100 [30] 37/37 37/37 
2018  190 190 880 tr(60) 110 [40]  37/37 37/37 
2019  tr(140) tr(170) 1,600 nd 260 [90]  23/36 23/36 
   

    [ ] 
   

  

 
(pg/m3) 

2016  nd nd 510 nd 320 [120]  13/37 13/37 
2017  150 160 1,600 nd 120 [40] 35/37 35/37 
2018  tr(100) tr(110) 470 nd 180 [70]  26/37 26/37 
2019  tr(90) tr(90) 1,600 nd 250 [80]  19/36 19/36 

2016 4 6
4 7 2017

4 7  
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[24]  

 

2004

2005 4 POPs 2019

4 5 9 COP9  

2006 2002

2004  

2002 2006 2008

2016 2018

2019

 

 

 

 

48 8pg/L 48 3

40pg/L  

2008 2019  
   

    [ ] 
   

  
 

(pg/L) 
2008 nd nd 76 nd 25 [10]  13/48 13/48 
2019 nd nd 40 nd 13 [8]  3/48 3/48 

 

 

61 2pg/g-dry 61 40

84pg/g-dry  

2008 2019  
   

    [ ] 
   

  
 

(pg/g-dry) 
2008 nd nd 460 nd 160 [63]  13/63 30/186 
2019 4 4 84 nd 4 [2]  40/61 40/61 

2008  
 

 

3 10pg/g-wet 3 1

tr(10)pg/g-wet 16 10pg/g-wet

16 12 120pg/g-wet 1

10pg/g-wet  

  



 

 410  

2006 2019  
   

    [ ] 
   

  

 
(pg/g-wet) 

2006 tr(58) tr(70) 240 nd 92 [36]  22/31 5/7 
2008 tr(110) 120 210 nd 120 [48]  28/31 7/7 
2018 nd nd 30 nd 30 [10]  1/3 1/3 
2019 nd nd tr(10) nd 30 [10]  1/3 1/3 

 
(pg/g-wet) 

2006 nd nd 290 nd 92 [36]  5/80 1/16 
2008 tr(62) tr(77) 270 nd 120 [48]  55/85 14/17 
2018 tr(10) nd 280 nd 30 [10]  9/18 9/18 
2019 tr(10) tr(10) 120 nd 30 [10]  12/16 12/16 

 
(pg/g-wet) 

2006 nd nd nd nd 92 [36]  0/10 0/2 
2008 nd nd 300 nd 120 [48]  1/10 1/2 
2018 nd --- nd nd 30 [10]  0/2 0/2 
2019 --- --- nd nd 30 [10]  0/1 0/1 

1 2006 2008
 

2 2007 2009 2017  
 

 

36 0.2pg/m3 36 5

0.4pg/m3  

2016 2019  
   

    [ ] 
   

  
 

(pg/m3) 
2016  nd nd 1.0 nd 0.5 [0.2]  10/37 10/37 
2019  nd nd 0.4 nd 0.4 [0.2]  5/36 5/36 
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[25] PFHxS  

 

PFHxS

2019 10 15

POPRC15 PFHxS PFHxS

A  

2002 PFHxS

2018 2019  

 

 

 

48 30pg/L 48 45

1,800pg/L  

2018 2019 PFHxS  

PFHxS  
  

    [ ] 
  

 
  

 
(pg/L) 

2018 190 130 2,600 nd 120 [50]  44/47 44/47 
2019 150 120 1,800 nd 60 [30]  45/48 45/48 

 

 

61 5pg/g-dry 61 10

15pg/g-dry  

2018 2019 PFHxS  

PFHxS  
  

    [ ] 
  

 
  

 
(pg/g-dry) 

2018 nd nd 27 nd 11 [5]  15/61 15/61 
2019 nd nd 15 nd 13 [5]  10/61 10/61 
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i)  
(http://www.env.go.jp/chemi/kurohon/) 

ii)  
(http://www.env.go.jp/chemi/kurohon/)  

iii) 
(http://www.env.go.jp/chemi/kurohon/) 

iv)  
(http://www.env.go.jp/chemi/kurohon/) 
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1  

 

1974

2011

1978

2002

 

 
    

 1978  
2001   

PCB HCB
DDT HCH  

 1986  
2001  

 HCB DDT
HCH  

 
 

1985  
2001   

PCB  

 1988  
2001  

 
 

 2002  

 

PCB HCB
DDT

HCH  
 

 

1974 2019 1

2-1 2-4  

2001

2002 2002

IDL 2003 2002

MDL  

3

 

2001 2002  

2001

GC-ECD GC/MS

2002

GC/HRMS

 

2001 GC/MS
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0.01 g/L = 10,000pg/L 1ng/g-dry =1,000pg/g-dry

2002 GC/HRMS 2001

 

PCB 1996 1997 GC/MS

2000 2001 HRGC/HRMS 2000 2001

1996 1997 2002 2000 2001

PCB 1996 HRGC/HRMS

2002  



 

  

19
74

20
19

 

1
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1
 

2
 

3
 

4
 

 435  



 

 436  

3 2001 2002
 

 
 

 

1998 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
[1] PCB 10/10 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 13/15 15/15 14/14 13/13 13/13 14/14 14/14 14/14 14/14 14/14 
[2] HCB 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 12/15 15/15 14/14 13/13 13/13 14/14 14/14 14/14 14/14 13/14 
[4]  0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 --- 15/15 --- --- 13/13 --- --- --- --- --- 
[6] DDT                     

[6-1] p,p'-DDT 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 --- --- --- 13/13 --- --- --- --- --- 
[6-2] p,p'-DDE 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 --- --- --- 13/13 --- --- --- --- --- 
[6-3] p,p'-DDD 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 --- --- --- 13/13 --- --- --- --- --- 

[7]                     
[7-1] cis-  0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 14/15 15/15 14/14 13/13 --- --- --- --- --- --- 
[7-2] trans-  0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 13/15 15/15 14/14 13/13 --- --- --- --- --- --- 
[7-4] cis-  0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 15/15 14/14 13/13 --- --- --- --- --- --- 
[7-5] trans-  0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 13/15 15/15 14/14 13/13 --- --- --- --- --- --- 

[11] HCH                     
[11-1] -HCH 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 15/15 14/14 13/13 13/13 14/14 14/14 14/14 --- 14/14 
[11-2] -HCH 0/15 14/14 14/14 15/15 15/15 15/15 15/15 15/15 15/15 15/15 15/15 14/14 13/13 13/13 14/14 14/14 14/14 --- 14/14 

 

 
 

 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
[1] PCB 24/24 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 15/17 17/17 16/16 15/15 15/15 16/16 16/16 16/16 15/16 16/16 
[2] HCB 3/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 14/15 16/16 16/16 16/16 16/16 16/16 
[4]  1/17 17/17 17/17 17/17 17/17 17/17 16/17 17/17 17/17 --- 17/17 --- --- --- --- --- --- 16/16 --- 
[6] DDT                     

[6-1] p,p'-DDT 2/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 --- --- --- 15/15 --- --- --- --- --- 
[6-2] p,p'-DDE 7/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 --- --- --- 15/15 --- --- --- --- --- 
[6-3] p,p'-DDD 5/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 --- --- --- 15/15 --- --- --- --- --- 

[7]                     
[7-1] cis-  3/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 --- --- --- --- --- --- 
[7-2] trans-  5/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 --- --- --- --- --- --- 
[7-4] cis-  3/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 --- --- --- --- --- --- 
[7-5] trans-  4/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 --- --- --- --- --- --- 

[11] HCH                     
[11-1] -HCH 1/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 15/15 16/16 16/16 16/16 --- 16/16 
[11-2] -HCH 3/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 17/17 16/16 15/15 15/15 16/16 16/16 16/16 --- 16/16 

 

 
 

 

2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
[1] PCB 3/3 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 13/13 12/12 13/13 13/13 13/13 11/11 
[2] HCB 3/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 13/14 13/13 12/12 13/13 13/13 13/13 11/11 
[4]  4/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 --- 12/12 --- --- 13/13 --- --- --- --- --- 
[6] DDT                     

[6-1] p,p'-DDT 3/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 15/16 --- --- 14/14 --- --- --- --- 13/13 --- 
[6-2] p,p'-DDE 12/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 --- --- 14/14 --- --- --- --- 13/13 --- 
[6-3] p,p'-DDD 6/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 --- --- 13/14 --- --- --- --- 13/13 --- 
[6-4] o,p'-DDT 1/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 14/16 --- --- 14/14 --- --- --- --- 13/13 --- 
[6-5] o,p'-DDE 1/17 16/16 16/16 15/16 17/17 17/17 17/17 16/17 17/17 15/16 --- --- 14/14 --- --- --- --- 12/13 --- 
[6-6] o,p'-DDD 2/17 16/16 16/16 16/16 17/17 17/17 17/17 16/17 17/17 16/16 --- --- 14/14 --- --- --- --- 12/13 --- 

[7]                     
[7-1] cis-  7/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 --- --- 13/13 13/13 --- --- 
[7-2] trans-  5/17 16/16 16/16 15/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 --- --- 13/13 13/13 --- --- 
[7-3]  3/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 --- --- 13/13 13/13 --- --- 
[7-4] cis-  4/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 --- --- 13/13 13/13 --- --- 
[7-5] trans-  9/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 --- --- 13/13 13/13 --- --- 

[11] HCH                     
[11-1] -HCH 1/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 15/16 14/14 14/14 9/12 12/13 12/13 --- 8/11 
[11-2] -HCH 4/17 16/16 16/16 16/16 17/17 17/17 17/17 17/17 17/17 16/16 12/12 16/16 14/14 14/14 12/12 13/13 13/13 --- 11/11 

 

 
 

 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
[1] PCB 10/10 10/10 10/10 10/10 10/10 10/10 8/8 9/9 10/10 10/10 10/10 10/10 9/9 9/9 9/9 8/8 8/8 8/8 8/8 

 
1 --- 2001  
2 1999 2001 1998  
3 2001 2000  
4 2001  
5  
6 2-1 2-4  
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PCB  

2001 PCB

PCB 2000 2001 2

1996 1997 2000 2001 4 1978 2001 24

 

PCB 2002 2001

2002

2001 2001

2002 2002 2

2003 1

2005 1 2008 1

2002 2001

2002 2001

2007

2008 3 1

 

PCB

2001 2002

2002

1/2

70% 80%  

 

PCB POPs HCH  
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1999 2001

2001 2002

HCH 2002  

PCB POPs HCH 2001

HCB p,p'-DDT p,p'-DDE p,p'-DDD cis-

trans- cis- trans- -HCH -HCH 1986 1998
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13 1986 2001 16
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o,p'-DDT o,p'-DDE o,p'-DDD -HCH

-HCH

-HCH -HCH 1978 2001

1978 1983 2001

1997 1999 4  

2001

-HCH -HCH

2001  

PCB POPs HCH 2002 2001

2002 2001
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2002 2002

PCB HCB
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2001
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cis- trans- -HCH -HCH 2001
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1 PCB 1999  
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1-1 PCB  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 PCB 1995  
2 2002 2009  

 

1-2 PCB   

0

100

200

300

400

500

600

700

00 02 04 06 08 10 12 14 16 18

(p
g/

L)

[1] PCB

[ ] (pg/L)
2000 [0.03 2]
2001 [0.03 30]
2002 7.4 [2.5]
2003 9.4 [2.5]
2004 14 [5.0]
2005 10 [3.2]
2006 9 [3]
2007 7.6 [2.9]
2008 7.8 [3.0]
2009 10 [4]
2010 73 [24]
2011 4.5 [1.7]
2012 44 [15]
2013 25 [8]
2014 8.2 [2.9]
2015 21 [7.3]
2016 8.4 [2.8]
2017 16 [5.5]
2018 14 [5]
2019 12 [4.7]

2001

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
dr

y)

[1] PCB

[ ] (pg/g-dry)
1996 1997 [10,000]
2000 [0.06 0.9]
2001 [0.03 10]
2002 10 [3.5]
2003 10 [3.2]
2004 7.9 [2.6]
2005 6.3 [2.1]
2006 4 [1]
2007 4.7 [1.5]
2008 3.3 [1.2]
2009 5.1 [2.1]
2010 660 [220]
2011 12 [4.5]
2012 51 [18]
2013 44 [13]
2014 61 [21]
2015 62 [22]
2016 53 [18]
2017 14 [5.0]
2018 170 [55]
2019 8.5 [3.3]

2001



 

 440  

 
1 2002 2009  

 
2 2013 2012 2013
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1-3 PCB  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2002 2009  

 
2-1 HCB  

0

50,000

100,000

150,000

200,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[1] PCB

19961982

[ ] (pg/g-wet)
2001 [10,000]
2002 25 [8.4]
2003 50 [17]
2004 85 [29]
2005 69 [23]
2006 42 [14]
2007 46 [18]
2008 47 [17]
2009 32 [11]
2010 52 [20]
2011 220 [74]
2012 34 [11]
2013 44 [14]
2014 95 [31]
2015 52 [17]
2016 60 [20]
2017 68 [23]
2018 63 [21]
2019 33 [11]

0

100

200

300

400

500

600

86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
dr

y)

[2] HCB
[ ] (pg/g-dry)

2001 [ ]
2002 0.9 [0.3]
2003 4 [2]
2004 7 [3]
2005 3 [1]
2006 2.9 [1.0]
2007 5 [2]
2008 2.0 [0.8]
2009 1.8 [0.7]
2010 3 [1]
2011 7 [3]
2012 3 [1]
2013 5.3[1.8]
2014 6 [2]
2015 3 [1]
2016 3 [1]
2017 3 [1]
2018 1.3[0.5]
2019 0.9 [0.4]
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1 2002 2009  

 
2 2013 2012 2013

2013  

2-2 HCB  

 
1 2002 2009  

 
2 2010 2012 2017 2019  

3-1   

0

1,000

2,000

3,000

4,000

5,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[2] HCB

1982

1996

[ ] (pg/g-wet)
2001 [1,000]
2002 0.18 [0.06]
2003 23 [7.5]
2004 14 [4.6]
2005 11 [3.8]
2006 3 [1]
2007 7 [3]
2008 7 [3]
2009 4 [2]
2010 5 [2]
2011 4 [1]
2012 8.4 [2.8]
2013 31 [10]
2014 10 [3]
2015 20 [6.5]
2016 8.1 [2.7]
2017 3.9 [1.3]
2018 3.3 [1.1]
2019 3 [1]

0

200

400

600

800

1,000

86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
dr

y)

[4] 

[ ] (pg/g-dry)
2001 [ 1 4,000]
2002 3 [1]
2003 4 [2]
2004 3 [0.9]
2005 3 [1]
2006 2.9 [1.0]
2007 2.7 [0.9]
2008 1.2 [0.5]
2009 0.8 [0.3]
2011 5 [2]
2018 1.6 [0.6]



 

 442  

 
1 2002 2009  

 
2 2014 2011 2014  

2014  
3 2010 2012 2013 2015 2019  

3-2  

 
1 2002 2009  

 
2 2014 2011 2014  

2014  
3 2010 2012 2013 2015 2019  

4   

0

2,000

4,000

6,000

8,000

10,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[4] 

1982

[ ] (pg/g-wet)
2001 [1,000]
2002 12 [4]
2003 4.8 [1.6]
2004 31 [10]
2005 9.4 [3.4]
2006 7 [3]
2007 9 [3]
2008 9 [3]
2009 7 [2]
2011 3 [1]
2004 3 [1]

1996

0

500

1,000

1,500

2,000

2,500

3,000

3,500

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[5] 

[ ] (pg/g-wet)
1993 [1,000]
2002 18 [6]
2003 4.8 [1.6]
2004 12 [4.2]
2005 17 [5.5]
2006 11 [4]
2007 9 [3]
2008 8 [3]
2009 7 [3]
2011 4 [2]
2014 3 [1]

1982
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1 2002 2009  

 
2 2011 2013 2015 2019  

5-1-1 p,p'-DDT  

 

 
1 2002 2009  

 
2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-1-2 p,p'-DDT   

0

200

400

600

800

1,000

1,200

1,400

1,600

86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
dr

y)
[6-1] p,p'-DDT

[ ] (pg/g-dry)
2001 [ 1 110,000]
2002 6 [2]
2003 2 [0.4]
2004 2 [0.5]
2005 1.0 [0.34]
2006 1.4 [0.5]
2007 1.3 [0.5]
2008 1.2 [0.5]
2009 1.0 [0.4]
2010 2.8 [0.9]
2014 0.4 [0.2]

0

2,000

4,000

6,000

8,000

10,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[6-1] p,p'-DDT

1982

[ ] (pg/g-wet)
2001 [1,000]
2002 4.2 [1.4]
2003 11 [3.5]
2004 3.2 [1.1]
2005 5.1 [1.7]
2006 6 [2]
2007 5 [2]
2008 5 [2]
2009 3 [1]
2010 3 [1]
2013 3.3[1.1]
2018 3[1]

1996 1996
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2002 2009  

 
2011 2013 2015 2017  

5-2-1 p,p'-DDE  

 
1 2002 2009  

 
2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-2-2 p,p'-DDE  
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86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
dr

y)
[6-2] p,p'-DDE

[ ] (pg/g-dry)
2001 [ 1 31,000]
2002 2.7 [0.9]
2003 0.9 [0.3]
2004 3 [0.8]
2005 2.7 [0.94]
2006 1.0 [0.3]
2007 1.1 [0.4]
2008 1.7 [0.7]
2009 0.8 [0.3]
2010 5 [2]
2014 1.8 [0.6]

0

50,000
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150,000

200,000

250,000

300,000

350,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[6-2] p,p'-DDE

[ ] (pg/g-wet)
2001 [1,000]
2002 2.4 [0.8]
2003 5.7 [1.9]
2004 8.2 [2.7]
2005 8.5 [2.8]
2006 1.9 [0.7]
2007 3 [1]
2008 3 [1]
2009 4 [1]
2010 3 [1]
2013 4.3 [1.4]
2018 3[1]

1996

1982
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1 2002 2009  

 
2 2011 2013 2015 2019  

5-3-1 p,p'-DDD  
 

 
1 2002 2009  

 
2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-3-2 p,p'-DDD  
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86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
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y)
[6-3] p,p'-DDD

[ ] (pg/g-dry)
2011 [ 1 32,000]
2002 2.4 [0.8]
2003 0.9 [0.3]
2004 2 [0.7]
2005 1.7 [0.64]
2006 0.7 [0.2]
2007 1.0 [0.4]
2008 1.0 [0.4]
2009 0.4 [0.2]
2010 1.4 [0.5]
2014 4.2 [1.4]

0

2,000

4,000

6,000

8,000

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[6-3] p,p'-DDD

[ ] (pg/g-wet)
2001 [1,000]
2002 5.4 [1.8]
2003 9.9 [3.3]
2004 2.2 [0.70]
2005 2.9 [0.97]
2006 2.4 [0.9]
2007 3 [1]
2008 3 [1]
2009 2.4 [0.9]
2010 1.3 [0.5]
2013 1.9 [0.7]
2018 1.4[0.6])

1996

1982
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1 2002 2009  

 
2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-4 o,p'-DDT  
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2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-5 o,p'-DDE  
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78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[6-4] o,p'-DDT

[ ] (pg/g-wet)
2001 [1,000]
2002 12 [4]
2003 2.9 [0.97]
2004 1.8 [0.61]
2005 2.6 [0.86]
2006 3 [1]
2007 3 [1]
2008 3 [1]
2009 2.2 [0.8]
2010 3 [1]
2013 3 [1]
2018 2.7[0.9]

1996

1982

0

200

400
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800

1,000

1,200

1,400

78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
w

et
)

[6-5] o,p'-DDE

[ ] (pg/g-wet)
2001 [1,000]

2002 3.6 [1.2]
2003 3.6 [1.2]
2004 2.1 [0.69]
2005 3.4 [1.1]
2006 3 [1]
2007 2.3 [0.9]
2008 3 [1]
2009 3 [1]
2010 1.5 [0.6]
2013 4 [1]
2018 3 [1]

1996

1982
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1 2002 2009  

 
2 2013 2010 2013  

2013  
3 2011 2012 2014 2017 2019  

5-6 o,p'-DDD  
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6-1-1 cis-  
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)

[6-6] o,p'-DDD

[ ] (pg/g-wet)
2001 [1,000]
2002 12 [4]
2003 6.0 [2.0]
2004 5.7 [1.9]
2005 3.3 [1.1]
2006 4 [1]
2007 3 [1]
2008 4 [2]
2009 3 [1]
2010 0.6 [0.2]
2013 1.8 [0.7]
2018 2.4 [0.9]

1996

1982
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(p
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g-
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y)

[7-1] cis-

[ ] (pg/g-dry)
2001 [ 1 22,000]
2002 0.9 [0.3]
2003 4 [2]
2004 4 [2]
2005 1.9 [0.64]
2006 2.4 [0.8]
2007 5 [2]
2008 2.4 [0.9]
2009 0.7 [0.3]
2010 6 [2]
2011 1.1 [0.4]
2012 2.9 [1.0]
2013 2.0[0.8]
2017 4.8[1.6]
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1 2002 2009  

 
2 2013 2012 2013  

2013  
3 2014 2015 2017 2019  

6-1-2 cis-  

 

 
1 2002 2009  

 
2 2014 2016 2018 2019  

6-2-1 trans-   
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[7-1] cis-
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86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16 18

(p
g/

g-
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y)

[7-2] trans-

[ ] (pg/g-dry)
2001 [ 1 23,000] 
2002 1.8 [0.6]
2003 4 [2]
2004 3 [0.9]
2005 2.3 [0.84]
2006 1.1 [0.4]
2007 2.2 [0.8]
2008 2.0 [0.8]
2009 1.7 [0.7]
2010 11 [4]
2011 1.3 [0.5] 
2012 4.0 [1.3] 
2013 1.8 [0.7] 
2017 4 [1] 
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1 2002 2009  

 
2 2013 2012 2013  

2013  
3 2014 2015 2017 2019  

6-2-2 trans-  

 

 
1 2002 2009  

 
2 2013 2012 2013  

2013  
3 2014 2015 2017 2019  

6-3   
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w
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)

[7-2] trans-

( )

1996

[ ] (pg/g-wet)
2001 [1,000]
2002 2.4 [0.8]
2003 7.2 [2.4]
2004 48 [16]
2005 10 [3.5]
2006 4 [2]
2007 6 [2]
2008 7 [3]
2009 4 [1]
2010 3 [1]
2011 4 [1] 
2012 7 [2] 
2013 16 [5.2] 
2016 6 [2] 
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[7-3] 

[ ] (pg/g-wet)
2001 [1,000]
2002 3.6 [1.2]
2003 8.4 [2.8]
2004 9.2 [3.1]
2005 9.3 [3.1]
2006 7 [3]
2007 6 [2]
2008 7 [2]
2009 4 [1]
2010 8 [3]
2011 3 [1] 
2012 3 [1] 
2013 3 [1] 

1996
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1 2002 2009  

 
2 2014 2016 2018 2019  

6-4-1 cis-  
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6-4-2 cis-   
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(p
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y)
[7-4] cis-

[ ] (pg/g-dry)
2001 [ 1 19,000]
2002 2.1 [0.7]
2003 3 [0.9]
2004 2 [0.6]
2005 1.9 [0.64]
2006 1.2 [0.4]
2007 1.6 [0.6]
2008 0.6 [0.2]
2009 1.0 [0.4]
2010 0.9 [0.3]
2011 1.1 [0.4] 
2012 3 [1] 
2013 0.7 [0.3] 
2017 1.7 [0.7] 
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[7-4] cis-

[ ] (pg/g-wet)
2001 [1,000]
2002 1.2 [0.4]
2003 4.8 [1.6]
2004 3.4 [1.1]
2005 4.5 [1.5]
2006 3 [1]
2007 3 [1]
2008 4 [1]
2009 3 [1]
2010 3 [1]
2011 1.8 [0.7] 
2012 2 [1] 
2013 2.2 [0.7] 
2016 1.4 [0.6] 1996
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1 2002 2009  

 
2 2014 2016 2018 2019  

6-5-1 trans-  
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2 2013 2012 2013  
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3 2014 2015 2017 2019  

6-5-2 trans-  
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y)
[7-5] trans-

[ ] (pg/g-dry)
2001 [ 1 25,000]
2002 1.5 [0.5]
2003 2 [0.6]
2004 2 [0.6]
2005 1.5 [0.54]
2006 1.2 [0.4]
2007 1.7 [0.6]
2008 2.2 [0.8]
2009 0.9 [0.3]
2010 6 [2]
2011 0.8 [0.3] 
2012 2.4 [0.8] 
2013 1.2 [0.4] 
2017 6 [2] 
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[7-5] trans-

[ ] (pg/g-wet)
2001 [1,000]

2002 2.4 [0.8]
2003 3.6 [1.2]
2004 13 [4.2]
2005 6.2 [2.1]
2006 3 [1]
2007 7 [3]
2008 6 [2]
2009 3 [1]
2010 4 [2]
2011 3 [1] 
2012 4 [1] 
2013 10 [3.4] 
2016 3 [1] 

1996
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1 2002 2009  

 
2 2018  

7-1-1 -HCH  
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(p
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y)
[11-1] -HCH

[ ] (pg/g-dry)
2001 [ 1 21,000] 
2002 1.2 [0.4]
2003 2 [0.5]
2004 2 [0.6]
2005 1.7 [0.6]
2006 5 [2]
2007 1.8 [0.6]
2008 1.6 [0.6]
2009 1.1 [0.4]
2010 2.0 [0.8]
2011 1.5 [0.6] 
2012 1.6 [0.5] 
2013 1.5 [0.5] 
2014 2.4 [0.8]
2015 0.7 [0.3]
2016 0.9 [0.3]
2017 0.5 [0.2]
2019 1.1 [0.4]
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[11-1] -HCH

1982

1996

[ ] (pg/g-wet)
13 [1,000]

2002 4.2 [1.4]
2003 1.8 [0.61]
2004 13 [4.3]
2005 11 [3.6]
2006 3 [1]
2007 7 [2]
2008 6 [2]
2009 5 [2]
2010 3 [1]
2011 3 [1] 
2012 3.7 [1.2] 
2013 3 [1] 
2014 3 [1]
2015 3.0 [1.0]
2016 3 [1]
2017 3 [1]
2019 4 [2]
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1 2002 2009  

 
2 2018  

7-2-1 -HCH  
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3 2018  

7-2-2 -HCH  
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(p
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y)
[11-2] -HCH

[ ] (pg/g-dry)
2001 [ 1 34,000]
2002 0.9 [0.3]
2003 2 [0.7]
2004 3 [0.8]
2005 2.6 [0.9]
2006 1.3 [0.4]
2007 0.9 [0.3]
2008 0.8 [0.3]
2009 1.3 [0.5]
2010 2.4 [0.8]
2011 3 [1] 
2012 1.5 [0.6] 
2013 0.4 [0.1]
2014 0.9 [0.3]
2015 0.8 [0.3]
2016 0.9 [0.3]
2017 1.5 [0.6]
2019 1.2 [0.5]
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[11-2] -HCH

1996

[ ] (pg/g-wet)
2001 [1,000]
2002 12 [4]
2003 9.9 [3.3]
2004 6.1 [2.0]
2005 2.2 [0.75]
2006 3 [1]
2007 7 [3]
2008 6 [2]
2009 6 [2]
2010 3 [1]
2011 3 [1] 
2012 2 [0.8] 
2013 2.2 [0.8]
2014 2.4 [0.9]
2015 3.0 [1.0]
2016 3 [1]
2017 3 [1]
2019 3 [1]
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1 2002 2009  
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[11-3] -HCH

[ ] (pg/g-wet)
1996 [1,000]
2003 3.3 [1.1]
2004 31 [10]
2005 8.4 [2.8]
2006 4 [2]
2007 9 [3]
2008 9 [3]
2009 7 [3]
2010 3 [1]
2011 3 [1] 
2012 2.3 [0.9] 
2013 2.4 [0.9] 
2014 2.2 [0.8]
2015 4.8 [1.6]
2016 3 [1]
2017 3 [1]
2019 4 [1]1996
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[11-4] -HCH

[ ] (pg/g-wet)
1992 [1,000]
2003 3.9 [1.3]
2004 4.6 [1.5]
2005 5.1 [1.7]
2006 3 [1]
2007 4 [2]
2008 6 [2]
2009 5 [2]
2010 3 [1]
2011 3 [1] 
2012 3 [1] 
2013 3 [1] 
2014 3 [1]
2015 2.1 [0.8]
2016 3 [1]
2017 2.3 [0.9]
2019 4 [2]
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3  

2019 PCB HCB HCH

1,2,5,6,9,10-

10

1

1 2  

 

 
1  

 
 
1 2019  

  
   cm cm  

  

g  
  

[ ]  

 1 2019 4 5  8 5.3  3.5 6.3  4.1 ( 5.7  3.6 ) 37.0 
[31.9] 

52.9 
[45.4] ( 42.5 

[36.2] ) 

 
 

1 2019 3 4  8 5.2  3.5 6.3  4.0 ( 5.6  3.7 ) 35.1 
[28.6] 

49.3 
[43.1] ( 43.9 

[37.3] ) 

2 2019 4  12 5.2  3.6 6.3  4.0 ( 5.8  3.8 ) 38.1 
[33.5] 

50.7 
[44.2] ( 45.1 

[39.0] ) 

3 2019 4  10 5.2  3.6 6.3  4.2 ( 5.9  3.8 ) 38.7 
[33.2] 

55.4 
[47.9] ( 44.4 

[38.2] ) 
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2  

pg/g-wet 

 
 
 

 
[ ] 

 

 
 
 

   
     

[1] PCB  33 [11] 3,800 3,900,000 25,000 3,8000,000 190,000 
[2] HCB 3 [1] 74 46,000 97 34,000 3,200 

[11] 

HCH[        
[11-1] -HCH 4 [2] tr(3) 460 29 240 63 
[11-2] -HCH 3 [1] 200 16,000 1,200 14,000 950 
[11-3] -HCH  4 [1] tr(1) 100 5 110 7 
[11-4] -HCH 4 [2] nd 33 tr(3) 35 4 

[14] 

       
[14-1]  18 [7] 43 15,000 36 23,000 210 
[14-2]  10 [4] 11 15,000 tr(5) 13,000 150 
[14-3]  21 [8] tr(19) 32,000 tr(9) 33,000 480 
[14-4]  24 [9] nd 12,000 nd 14,000 260 
[14-5]  17 [7] nd 13,000 nd 10,000 330 
[14-6]  50 [20] nd 450 nd 370 nd 
[14-7]  190 [70] nd 650 nd 690 nd 

[17]  6 [2] 290 50,000 320 94,000 360 

[19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 24 [9] 110 54,000 190 43,000 1,100 

[19-2] -1,2,5,6,9,10-
 24 [9] nd nd nd nd nd 

[19-3] -1,2,5,6,9,10-
 22 [9] nd 2,000 nd 940 nd 

[20]  40 [15] nd 15,000 tr(17) 29,000 170 

[22] 
 

[22-1]  10 [4] 44 1,600 88 1,400 430 
[22-2]  3 [1] tr(2) 430 nd 710 91 

[23] 

       
[23-1]  900 [300] nd tr(400) nd tr(300) tr(600) 
[23-2]  500 [200] tr(200) 1,500 nd 1,500 1,400 
[23-3]  1,200 [500] nd 2,300 nd 2,900 tr(500) 
[23-4]  400 [200] 400 2,400 nd 3,400 1,300 

[24]  30 [10] tr(10) 190 nd 80 nd 
1 [ ]  
2  

  



 

 461  

4 POPs  
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 1 POPs  

 
 pg/m3   

pg/m3  
‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[1] PCB --- 80 46 49 47 50 38 56 58 54 41 37 42 50 37 35 32 
[2] HCB 120 110 110 110 110 110 100 110 120 100 86 140 140 150 96 94 83 
[3]  0.08 0.10 0.18 0.11 0.10 0.08 0.15 0.11 0.11 0.17 0.19 0.27 0.60 0.15 0.07 0.13 0.13 
[4]  1.6 1.4 1.3 0.98 1.0 1.1 1.2 1.1 1.2 0.98 1.1 1.3 1.8 1.6 0.71 0.50 0.69 
[5]  tr(0.08) tr(0.08) tr(0.08) tr(0.06) 0.08 0.08 0.07 0.07 0.07 0.06 tr(0.05) 0.08 0.07 0.06 tr(0.04) tr(0.04) tr(0.02) 

[6] 

DDT  
[6-1] p,p'-DDT 1.5 0.82 0.57 0.54 0.43 0.51 0.38 0.34 0.36 0.84 ---  0.44 0.44 0.45 0.22 1.0 ---  
[6-2] p,p'-DDE 1.4 1.3 0.98 1.3 0.92 0.95 0.88 0.77 0.76 0.49 ---  1.0 1.0 1.0 0.66 0.69 ---  
[6-3] p,p'-DDD 0.14 0.098 0.06 0.06 0.058 0.079 0.049 0.037 0.032 0.038 ---  0.085 0.074 0.072 0.035 0.053 ---  
[6-4] o,p-DDT 1.1 0.70 0.54 0.48 0.40 0.40 0.36 0.30 0.34 0.34 ---  0.46 0.48 0.44 0.21 0.38 ---  
[6-5] o,p-DDE 0.33 0.28 0.17 0.23 0.18 0.15 0.13 0.13 0.14 0.088 ---  0.19 0.18 0.17 0.11 0.12 ---  
[6-6] o,p-DDD 0.14 0.11 0.06 0.08 0.06 0.08 0.06 tr(0.04)tr(0.04) tr(0.03) ---  0.10 0.09 0.09 tr(0.05) tr(0.05) ---  

[7] 

 
[7-1] cis-  4.5 3.9 4.2 2.8 3.1 2.9 3.6 3.1 3.7 3.1 3.1 2.9 4.1 4.0 1.6 0.91 1.6 
[7-2] trans-

 4.9 4.3 4.7 3.1 3.2 3.2 4.2 3.5 3.6 3.3 3.5 3.0 4.1 3.9 1.8 0.95 1.6 

[7-3] 
 0.62 0.49 0.44 0.37 0.38 0.37 0.36 0.41 0.34 0.28 0.31 0.29 0.32 0.32 0.18 0.15 0.18 

[7-4] cis-  0.56 0.47 0.46 0.31 0.35 0.35 0.39 0.34 0.41 0.36 0.35 0.35 0.47 0.49 0.17 0.10 0.18 
[7-5] trans-

 4.3 3.5 3.7 2.5 2.8 2.7 3.1 2.9 3.1 2.8 2.7 2.4 3.3 3.3 1.3 0.77 1.3 

[8] 

 
[8-1]  0.84 0.82 0.92 0.61 0.65 0.52 0.71 0.66 0.62 0.45 0.48 0.40 0.49 0.54 0.32 0.18 0.26 
[8-2] cis-

 0.59 0.54 0.48 0.45 0.42 0.42 0.35 0.37 0.35 0.35 0.35 0.43 0.44 0.41 0.27 0.24 0.28 

[8-3] trans-
 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 

[9] 

 
[9-1] Parlar-26 tr(0.16) tr(0.17) tr(0.13) nd tr(0.2) nd nd nd nd tr(0.1) tr(0.1) tr(0.2) nd nd nd tr(0.1) tr(0.2) 
[9-2] Parlar-50 nd tr(0.08) tr(0.06) tr(0.1) nd tr(0.1) tr(0.1) nd tr(0.1) nd nd tr(0.1) tr(0.1) nd tr(0.1) nd nd 
[9-3] Parlar-62 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 

[10]  0.20 0.17 0.14 0.16 0.18 0.14 0.14 0.13 0.18 0.14 0.18 0.17 0.16 0.16 0.063 0.055 0.15 

[11] 

HCH
[11-1] -HCH 15 11 15 13 11 7.9 8.1 8.9 6.5 6.8 4.2 13 14 14 3.8 4.1 5.5 
[11-2] -HCH 0.94 0.84 0.80 0.78 0.81 0.70 0.59 0.63 0.54 0.53 0.52 0.77 0.78 0.81 0.33 0.35 0.48 
[11-3] -HCH

 3.3 2.1 2.8 2.5 2.4 1.8 1.7 2.0 1.5 1.4 0.97 2.4 2.5 2.5 0.83 0.90 1.1 

[11-4] -HCH 0.10 0.11 0.10 0.09 0.10 0.07 0.06 tr(0.10) tr(0.07) tr(0.06) tr(0.06) 0.10 0.11 0.12 tr(0.05) tr(0.05) tr(0.07) 
[12]  nd nd nd nd nd nd nd nd nd nd tr(0.01) tr(0.01) tr(0.01) tr(0.01) tr(0.01) tr(0.01) 

[13]   tr(0.1) nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd 

[14] 

4 10  
[14-1] 

 0.33 0.21 tr(0.2) 0.5 0.7 0.5 0.3 0.38 0.4 0.3 0.6 0.6 0.7 0.31 tr(0.19) tr(0.13) 

[14-2] 
 tr(0.09) tr(0.07) nd 0.24 0.40 tr(0.17) 0.22 0.23 0.20 tr(0.18) 0.26 0.25 0.41 tr(0.13) tr(0.08) tr(0.07) 

[14-3] 
 tr(0.06) nd tr(0.1) tr(0.1) nd tr(0.1) tr(0.1) tr(0.1) nd nd nd tr(0.1) tr(0.1) tr(0.1) nd nd 

[14-4] 
 tr(0.1) tr(0.1) nd nd tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) nd tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) 

[14-5] 
 tr(0.12) tr(0.08) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.3) tr(0.2) tr(0.1) tr(0.2) 0.2 tr(0.1) 

[14-6] 
 tr(0.5) nd tr(0.3) nd tr(0.5) nd tr(0.5) nd nd nd tr(0.8) nd tr(0.5) nd tr(0.4) nd 

[14-7] 
 tr(4) nd nd tr(3) tr(3) nd tr(5) nd nd tr(1) tr(4) nd tr(5) nd tr(3) nd 
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 pg/m3   

pg/m3  
‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[15] 
PFOS  

4.8 5.5 3.9 5.1 6.0 4.8 5.2 6.9 5.9 3.4 8.1 6.0 8.1 3.2 1.6 1.8 

[16] PFOA  23 7.1 4.5 11 7.6 5.9 6.8 14 7.8 5.4 15 15 17 9.2 13 6.9 

[17]  48 51 52 54 53 48 56 67 58 49 67 73 82 60 55 56 

[18] 

 
[18-1] -

 30 13 14 13 11 8.5 18 7.6 4.4 32 27 20 3.3 3.3 2.1 

[18-2] -
 1.6 0.8 0.9 1.0 0.8 0.5 1.2 0.4 tr(0.3) 2.8 2.1 1.4 0.5 0.5 tr(0.2) 

[19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 
1.8 tr(0.2) 0.3 0.3 0.4 tr(0.2) tr(0.1) 0.3 1.1 0.8 0.7 0.7 1.1 0.4 

[19-2] -1,2,5,6,9,10-

 
0.6 tr(0.1) tr(0.10)tr(0.1) tr(0.2) tr(0.1) tr(0.1) nd 0.39 0.3 0.3 0.3 0.5 tr(0.1) 

[19-3] -1,2,5,6,9,10-

 
1.6 tr(0.2) 0.28 0.3 0.7 0.4 tr(0.2) 0.4 1.1 1.0 1.3 0.8 1.0 0.3 

[19-4] -1,2,5,6,9,10-

 
nd tr(0.1) nd tr(0.1) nd nd nd nd tr(0.11)tr(0.1) tr(0.1) tr(0.1) tr(0.1) tr(0.1) 

[19-5] -1,2,5,6,9,10-

 
nd nd tr(0.1) tr(0.1) nd nd nd nd tr(0.1) tr(0.1) nd nd nd nd 

[20]  17 14 13 13 tr(21) 26 24 19 

[21] -1,3-  890 2,800 4,600 4,500 1,000 5,100 3,800 5,200 

[22] 
[22-1] 

 1.0 0.8 0.8 tr(0.1) 1.2 1.0 0.8 tr(0.5) 

[22-2] 
 8 8 6 6 10 tr(4) 5 5 

[23] 

[23]
 550 600 380 390 500 270 

[23-1] 
(

10  
240 200 140 160 180 120 

[23-2] 
(

11  
200 200 130  120 170 100 

[23-3] 
(

12  
66 140 70 51 80 40 

[23-4] 
(

13  
48 63 40 52 58 33 
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 pg/m3   
pg/m3  

 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[24] 

PAH  
[24-1]      310 180 190 310 390 160 
[24-2] 

     410 290 270 510 670 250 

[24-3] [a]
     50 25 tr(20) 43 58 23 

[24-4]      190 130 110 200 340 130 
[24-5] [a]

     70 24 30 76 92 42 

[24-6] [e]
     100 56 60 110 150 64 

[24-7] [b]
     160 110 94 190 290 93 

[24-8] [k]
     60 34 30 61 92 33 

[24-9] [g,h,i]
     90 55 50 100 140 73 

[24-10] 
[1,2,3-c,d]      110 70 50 110 160 64 

[24-11] 
[a,c]      tr(20) nd tr(10) tr(10) tr(10) tr(10) 

[24-12] 
[a,h]      tr(20) nd nd tr(11) nd nd 

 
1 2014 2016

-1,3- LV MV
 

2 PCB PCB
PCB  

3  
4 2009 4 12 2 3 PCB

PCB
 

5 2019 8 12 10 12 DDT
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 2 POPs [ ]  

 
 

pg/m3  

‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[1] PCB  0.82 
[0.30] 

1.30 
[0.56] 

2.30 
[0.91] 

1.70 
[0.66] 

0.85 
[0.31] 

0.62 
[0.22] 

0.90 
[0.39] 

1.7 
[0.6] 

1.3  
[0.4] 

0.8 
[0.3] 

1.0 
[0.4] 

[2] HCB 0.22 
[0.08]

1.8 
[0.7]

0.6 
[0.2]

0.6 
[0.2]

0.5 
[0.2]

0.5 
[0.2]

0.3 
[0.1]

0.3 
[0.1]

0.4  
[0.1] 

0.3 
[0.1] 

0.3 
[0.1] 

[3]  0.04 
[0.02]

0.06 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.04 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.06  
[0.02] 

0.07  
[0.03] 

0.08  
[0.03] 

[4]  0.24 
[0.09]

0.10 
[0.04]

0.08 
[0.03]

0.06 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.08 
[0.03]

0.09  
[0.03] 

0.09  
[0.03] 

0.1  
[0.04] 

[5]  0.10 
[0.04]

0.10 
[0.04]

0.09 
[0.04]

0.07 
[0.03]

0.06 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.06 
[0.02]

0.06  
[0.02] 

0.05  
[0.02] 

0.13  
[0.05] 

[6] 

DDT  

[6-1] p,p'-DDT 0.07 
[0.03]

0.08 
[0.03]

0.07 
[0.03]

0.08 
[0.03]

0.05 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.06  
[0.02] 

0.08  
[0.03] 

0.19  
[0.07] 

[6-2] p,p'-DDE 0.04 
[0.02]

0.05 
[0.02]

0.08 
[0.03]

0.09 
[0.03]

0.04 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.06  
[0.02] 

0.06  
[0.02] 

0.07  
[0.03] 

[6-3] p,p'-DDD 0.025 
[0.009]

0.024 
[0.009]

0.04 
[0.01]

0.04 
[0.01]

0.018 
[0.007] 

0.018 
[0.007] 

0.018 
[0.007] 

0.017 
[0.007] 

0.018  
[0.007] 

0.02  
[0.008] 

0.03  
[0.01] 

[6-4] o,p'-DDT 0.03 
[0.01]

0.03 
[0.01]

0.04 
[0.01]

0.04 
[0.01]

0.018 
[0.007] 

0.023 
[0.009] 

0.03 
[0.01]

0.03 
[0.01]

0.03  
[0.01] 

0.04  
[0.01] 

0.05  
[0.02] 

[6-5] o,p'-DDE 0.025 
[0.009]

0.03 
[0.01]

0.04 
[0.02]

0.04 
[0.01]

0.023 
[0.009] 

0.023 
[0.009] 

0.019 
[0.007] 

0.020 
[0.008] 

0.02  
[0.008] 

0.02  
[0.008] 

0.04  
[0.02] 

[6-6] o,p'-DDD 0.04 
[0.01]

0.03 
[0.01]

0.05 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.06  
[0.02] 

0.06  
[0.02] 

0.08  
[0.03] 

[7] 

 

[7-1] cis-  0.14 
[0.05]

0.17 
[0.06]

0.24 
[0.09]

0.22 
[0.08]

0.12 
[0.05]

0.08 
[0.03]

0.2 
[0.1]

0.3 
[0.1]

0.3  
[0.1] 

0.21  
[0.08] 

0.24  
[0.09] 

[7-2] trans-  0.17 
[0.06]

0.23 
[0.09]

0.3 
[0.1]

0.4 
[0.1]

0.15 
[0.06]

0.11 
[0.04]

0.3 
[0.1]

0.4 
[0.1]

0.3  
[0.1] 

0.3 
[0.1] 

0.3 
[0.1] 

[7-3]  0.04 
[0.01]

0.03 
[0.01]

0.07 
[0.03]

0.08 
[0.03]

0.03 
[0.01]

0.06 
[0.02]

0.06 
[0.02]

0.06 
[0.02]

0.05  
[0.02] 

0.06  
[0.02] 

0.06  
[0.02] 

[7-4] cis-  0.03 
[0.01]

0.021 
[0.008]

0.04 
[0.02]

0.12 
[0.05]

0.04 
[0.02]

0.04 
[0.02]

0.06 
[0.02]

0.06 
[0.02]

0.04  
[0.02] 

0.06  
[0.02] 

0.06  
[0.02] 

[7-5] trans-  0.09 
[0.03]

0.12 
[0.05]

0.18 
[0.07]

0.24 
[0.09]

0.11 
[0.04]

0.10 
[0.04]

0.21 
[0.08]

0.22 
[0.09]

0.2  
[0.1] 

0.18  
[0.07] 

0.16  
[0.06] 

[8] 

 

[8-1]  0.06 
[0.02]

0.08 
[0.03]

0.09 
[0.04]

0.09 
[0.03]

0.07 
[0.03]

0.07 
[0.03]

0.08 
[0.03]

0.09 
[0.03]

0.08  
[0.03] 

0.06  
[0.02] 

0.07  
[0.03] 

[8-2] cis-
 

0.022 
[0.008]

0.024 
[0.009]

0.04 
[0.01]

0.05 
[0.02]

0.03 
[0.01]

0.03 
[0.01]

0.03 
[0.01]

0.03 
[0.01]

0.03  
[0.01] 

0.05  
[0.02] 

0.03  
[0.01] 

[8-3] trans-
 

0.16 
[0.06]

0.16 
[0.06]

0.13 
[0.05]

0.12 
[0.05]

0.12 
[0.05]

0.11 
[0.04]

0.10 
[0.04]

0.10 
[0.04]

0.11  
[0.04] 

0.11  
[0.04] 

0.13  
[0.05] 

[9] 

 

[9-1] Parlar-26 0.22 
[0.08]

0.23 
[0.09]

0.22 
[0.08]

0.4 
[0.2]

0.3 
[0.1]

0.4 
[0.2]

0.5 
[0.2]

0.4 
[0.2]

0.4  
[0.2] 

0.3  
[0.1] 

0.3 
[0.1] 

[9-2] Parlar-50 0.25 
[0.09]

0.15 
[0.06]

0.15 
[0.06]

0.3 
[0.1]

0.4 
[0.2]

0.4 
[0.1]

0.4 
[0.1]

0.22 
[0.09]

0.3  
[0.1] 

0.5  
[0.2] 

0.4  
[0.2] 

[9-3] Parlar-62 1.6 
[0.6]

1.2 
[0.5]

1.3 
[0.5]

4 
[2]

1.6 
[0.6]

2.1 
[0.8]

2.4 
[0.9]

1.2 
[0.5]

1.4  
[0.5] 

1.8  
[0.7] 

1.7  
[0.7] 

[10]  0.03 
[0.01]

0.020 
[0.008]

0.04 
[0.01]

0.021 
[0.008]

0.020 
[0.008]

0.017 
[0.007]

0.023 
[0.009]

0.019 
[0.007]

0.021  
[0.008] 

0.022  
[0.008] 

0.023  
[0.009] 

[11] 

HCH  

[11-1] -HCH 0.10 
[0.04]

0.17 
[0.06]

0.24 
[0.09]

0.16 
[0.06]

0.21 
[0.08]

0.10 
[0.04]

0.3 
[0.1]

0.20 
[0.08]

0.14  
[0.06] 

0.13  
[0.05] 

0.12 
[0.05] 

[11-2] -HCH 0.04 
[0.01]

0.07 
[0.03]

0.06 
[0.02]

0.07 
[0.03]

0.06 
[0.02]

0.05 
[0.02]

0.06 
[0.02]

0.07 
[0.03]

0.06  
[0.02] 

0.07  
[0.03] 

0.07  
[0.03] 

[11-3] -HCH
 

0.07 
[0.03]

0.11 
[0.04]

0.21 
[0.08]

0.14 
[0.05]

0.15 
[0.06]

0.06 
[0.02]

0.18 
[0.07]

0.16 
[0.06]

0.09  
[0.03] 

0.1  
[0.04] 

0.1 
[0.04] 

[11-4] -HCH 0.04 
[0.02]

0.05 
[0.02]

0.05 
[0.02]

0.07 
[0.03]

0.05 
[0.02]

0.04 
[0.02]

0.04 
[0.02]

0.11 
[0.04]

0.08  
[0.03] 

0.08  
[0.03] 

0.08  
[0.03] 

[12]  0.04 
[0.02]

0.04 
[0.02]

0.03 
[0.01]

0.03 
[0.01]

0.03 
[0.01]

0.03 
[0.01]

0.03 
[0.01]

0.03  
[0.01] 

0.03  
[0.01] 

0.04  
[0.01] 

[13]  
0.3 

[0.1]
0.3 

[0.1]
0.4 

[0.1]
0.19 

[0.07] 
0.19 

[0.07] 
0.19 

[0.07] 
0.19 

[0.07] 
0.3  

[0.1] 
0.23  

[0.09] 
0.9  

[0.3] 
1 [ ]  
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pg/m3  

‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[14] 

4 10
[14-1] 

 
0.12 

[0.05]
0.18 

[0.07]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.24  

[0.09] 
0.3  

[0.1] 
0.3  

[0.1] 
[14-2] 

 
0.12 

[0.05]
0.16 

[0.06]
0.14 

[0.06]
0.18 

[0.07]
0.18 

[0.07]
0.18 

[0.07]
0.19 

[0.07]
0.19  

[0.07] 
0.19 

[0.07] 
0.19 

[0.07] 
[14-3] 

 
0.16 

[0.06]
0.14 

[0.05]
0.3 

[0.1]
0.4 

[0.1]
0.5 

[0.2]
0.4 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.4 

[0.2] 
0.3 

[0.1] 
[14-4] 

 
0.26 

[0.10]
0.3 

[0.1]
0.5 

[0.2]
0.5 

[0.2]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.18 

[0.07] 
0.3 

[0.1] 
[14-5] 

 
0.15 

[0.06]
0.20 

[0.08]
0.3 

[0.1]
0.3 

[0.1]
0.4 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.23 

[0.09] 
0.3 

[0.1] 
[14-6] 

 
0.7 

[0.3]
0.9 

[0.4]
0.7 

[0.3]
1.0 

[0.4]
0.9 

[0.4]
1.3 

[0.5]
1.1 

[0.4]
1  

[0.4] 
1.1  

[0.4] 
1  

[0.4] 
[14-7] 

 
6 

[2]
7 

[3]
8 

[3]
8 

[3]
8 

[3]
11 
[4]

10 
[4]

10  
[4] 

9  
[3] 

3 
[1] 

[15] PFOS  
0.4 

[0.1]
0.5 

[0.2]
0.5 

[0.2]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.4  

[0.2] 
0.3  

[0.1] 
0.3  

[0.1] 

[16] PFOA  
0.5 

[0.2]
0.6 

[0.2]
0.7 

[0.3]
0.4 

[0.1]
0.4 

[0.1]
0.4 

[0.2]
0.4 

[0.2]
0.4  

[0.2] 
0.4  

[0.2] 
0.4  

[0.2] 

[17]  0.3 
[0.1]

0.6 
[0.2]

0.3 
[0.1]

0.5 
[0.2]

0.21 
[0.08]

0.17 
[0.07]

0.5 
[0.2]

0.4  
[0.1] 

0.18 
[0.07] 

0.18 
[0.07] 

[18] 

 
[18-1] -

 
2.2 

[0.8]
1.7 

[0.7]
2.1 

[0.8]
1.4 

[0.5]
1.7 

[0.7]
1.2 

[0.5]
1.5  

[0.6] 
1.5  

[0.6] 
1.5  

[0.6] 
[18-2] -

 
0.4 

[0.1]
0.6 

[0.2]
0.6 

[0.2]
0.3 

[0.1]
0.5 

[0.2]
0.5 

[0.2]
0.5  

[0.2] 
0.4  

[0.2] 
0.5  

[0.2] 

 [19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 
0.6 

[0.2]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.3  

[0.1] 
0.3  

[0.1] 
[19-2] -1,2,5,6,9,10-

 
0.3 

[0.1]
0.3 

[0.1]
0.22 

[0.09]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.3  

[0.1] 
0.3  

[0.1] 
[19-3] -1,2,5,6,9,10-

 
0.3 

[0.1]
0.3 

[0.1]
0.22 

[0.09]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.3  

[0.1] 
0.3  

[0.1] 
[19-4] -1,2,5,6,9,10-

 
0.4 

[0.2]
0.3 

[0.1]
0.23 

[0.09]
0.3 

[0.1]
0.3 

[0.1]
0.3  

[0.1] 
0.3  

[0.1] 
0.4  

[0.2] 
[19-5] -1,2,5,6,9,10-

 
0.6 

[0.2]
0.4 

[0.2]
0.3 

[0.1]
0.3 

[0.1]
0.6 

[0.2]
0.7  

[0.3] 
0.5  

[0.2] 
0.5  

[0.2] 

[20]  1.0 
[0.41]

0.74 
[0.27] 

0.7 
[0.3] 

0.8 
[0.3] 

[21] -1,3-
 

50 
[20]

80  
[30] 

60  
[20] 

60  
[20] 

[22] 

 
[22-1] 

 
0.8 

[0.3]
0.8  

[0.3] 
0.8  

[0.3] 
0.8  

[0.3] 
[22-2] 

 
6 

[2]
6  

[2] 
5  

[2] 
6  

[2] 

[23] 

[23]
 

59  
[22] 

130  
[48] 

110  
[40] 

[23-1] 
( 10  

21  
[8] 

23  
[9] 

30  
[10] 

[23-2] 
( 11  

10  
[4] 

50  
[20] 

20  
[10] 

[23-3] 
( 12  

14  
[5] 

30  
[10] 

30  
[10] 

[23-4] 
( 13  

14  
[5] 

24 
[9] 

30 
[10] 

1 [ ]  
 

  



 

 467  

 
 

pg/m3  

‘09 ‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 

[24] 

[24-1]       30 
[10] 

21 
[8] 

30 
[10] 

17  
[7] 

9  
[3] 

21  
[8] 

[24-2]  22 
[9]

21 
[8]

24 
[9]

18  
[7] 

30 
[10] 

30 
[10] 

[24-3] [a]
 

30 
[10]

20 
[8]

30 
[10]

15  
[6] 

15 
[6] 

15 
[6] 

[24-4]  40 
[10]

21 
[8]

24 
[9]

14  
[5] 

22 
[9] 

17 
[6] 

[24-5] [a]  30 
[10]

20 
[8]

30 
[10]

17  
[7] 

13 
[5] 

14 
[5] 

[24-6] [e]  30 
[10]

19 
[7]

30 
[10]

12  
[5] 

13 
[5] 

14 
[5] 

[24-7] [b]
 

30 
[10]

20 
[8]

24 
[9]

12  
[5] 

16 
[6] 

14 
[6] 

[24-8] [k]
 

30 
[10]

19 
[8]

30 
[10]

13  
[5] 

14 
[5] 

16 
[6] 

[24-9] [g,h,i]
 

30 
[10]

21 
[8]

30 
[10]

9  
[4] 

11 
[4] 

13 
[5] 

[24-10]
[1,2,3-c,d]  

30 
[10]

20 
[8]

30 
[10]

22  
[8] 

16 
[6] 

17 
[7] 

[24-11] [a,c]
 

30 
[10]

21 
[8]

30 
[10]

30  
[10] 

22 
[9] 

20 
[8] 

[24-12] [a,h]
 

30 
[10]

20 
[8]

22 
[9]

30  
[10] 

30 
[10] 

30 
[10] 

1  
2  
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 3-1 POPs 2019  

 
 

2019 pg/m3  

4  5  6  7  8  9  10  11  12  1  2  3  
[1] PCB 43 36 43 54 51 63 48 42 34 31 24 25 
[2] HCB 72 120 130 50 110 71 78 120 81 73 59 73 
[3]  0.17 0.31 0.39 0.19 0.10 tr(0.05) 0.15 0.26 0.21 0.20 0.14 0.11 
[4]  2.2 0.50 1.1 3.3 1.7 0.87 1.1 0.73 0.47 0.50 0.43 0.37 
[5]  tr(0.08) nd tr(0.07) 0.13 tr(0.06) tr(0.08) tr(0.06) nd nd nd nd nd 

[6] 

DDT  
[6-1] p,p'-DDT 0.47 0.31 0.22 0.58 --- --- --- --- --- 0.38 0.21 0.34 
[6-2] p,p'-DDE 0.80 0.32 0.35 0.95 --- --- --- --- --- 0.67 0.58 0.78 
[6-3] p,p'-DDD 0.04 0.03 tr(0.02) 0.05 --- --- --- --- --- 0.03 tr(0.02) tr(0.02) 
[6-4] o,p'-DDT 0.36 0.22 0.23 0.34 --- --- --- --- --- 0.30 0.20 0.30 
[6-5] o,p'-DDE 0.11 0.08 0.07 0.10 --- --- --- --- --- 0.11 0.12 0.13 
[6-6] o,p'-DDD tr(0.05) tr(0.03) nd tr(0.06) --- --- --- --- --- tr(0.04) tr(0.03) tr(0.04) 

[7] 

 
[7-1] cis-  5.9 1.1 2.9 11 5.5 2.3 3.5 1.2 1.0 0.97 0.73 0.70 
[7-2] trans-  8.0 1.3 2.5 14 5.5 2.4 3.5 1.2 0.9 1.1 0.8 0.8 
[7-3]  0.32 0.30 0.44 0.56 0.31 0.41 0.41 0.29 0.24 0.19 0.15 0.13 
[7-4] cis-  0.59 0.14 0.36 1.2 0.65 0.33 0.44 0.14 0.11 0.10 0.07 0.06 
[7-5] trans-  4.9 1.2 2.7 8.6 4.8 2.5 3.5 1.2 1.0 0.90 0.67 0.63 

[8] 

 
[8-1]  1.2 0.30 0.38 1.6 0.56 0.43 0.45 0.24 0.17 0.19 0.14 0.11 
[8-2] cis-

 0.34 0.41 0.40 0.34 0.46 0.47 0.43 0.34 0.33 0.24 0.25 0.23 

[8-3] trans-
 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 

[9] 

 
[9-1] Parlar-26 nd nd nd tr(0.1) tr(0.1) tr(0.1) tr(0.2) tr(0.2) tr(0.2) tr(0.2) tr(0.2) tr(0.2) 
[9-2] Parlar-50 nd nd nd nd nd nd nd nd nd nd nd nd 
[9-3] Parlar-62 nd nd nd nd nd nd nd nd nd nd nd nd 

[10]  0.12 0.085 0.40 0.095 0.34 0.12 0.10 0.13 0.30 0.12 0.050 0.24 

[11] 

HCH  
[11-1] -HCH 2.8 6.5 8.3 2.8 6.0 3.3 4.2 5.2 2.7 2.0 2.5 3.6 
[11-2] -HCH 0.71 0.42 0.53 0.76 0.67 0.61 0.71 0.55 0.33 0.31 0.23 0.37 
[11-3] -HCH

 1.0 1.2 1.5 1.0 1.4 0.87 1.0 1.1 0.60 0.53 0.57 0.87 

[11-4] -HCH 0.10 tr(0.05) tr(0.05) 0.13 tr(0.06) tr(0.05) 0.10 tr(0.07) tr(0.05) tr(0.03) nd tr(0.05) 
[12]  nd nd nd nd nd nd nd nd nd nd nd nd 

[13]  nd nd nd nd nd nd nd nd nd nd nd nd 

[14] 

4 10  
[14-1] 

 0.3 tr(0.2) tr(0.2) 0.7 tr(0.2) 0.3 tr(0.2) 0.3 0.3 tr(0.1) tr(0.1) tr(0.1) 

[14-2] 
 tr(0.18) tr(0.12) tr(0.11) 0.64 0.19 0.19 tr(0.10) tr(0.18) 0.29 tr(0.09) nd nd 

[14-3] 
 nd nd nd nd nd nd nd nd nd nd nd nd 

[14-4] 
 nd nd nd nd nd nd nd nd nd nd nd nd 

[14-5] 
 nd nd nd nd nd nd nd nd nd nd nd tr(0.1) 

[14-6] 
 nd nd nd nd nd nd nd nd nd nd nd nd 

[14-7] 
 nd 5 tr(1) nd tr(1) nd nd tr(1) nd nd nd tr(1) 

[15] PFOS  3.8 2.0 3.6 5.5 4.3 5.9 3.8 2.2 3.3 3.0 1.0 2.9 

[16] PFOA  3.0 7.3 6.7 3.0 5.7 2.3 3.0 7.7 7.3 4.0 6.0 8.3 

[17]  43 64 74 22 65 24 33 73 57 50 35 50 
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2019 pg/m3  

4  5  6  7  8  9  10  11  12  1  2  3  

[18] 
             

[18-1] -  3.8 19 11 2.4 6.2 1.8 tr(1.4) 2.5 tr(1.1) tr(0.9) tr(1.1) 1.6 
[18-2] -  tr(0.3) 1.0 tr(0.4) tr(0.2) tr(0.3) tr(0.2) nd tr(0.2) nd nd nd nd 

[19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 nd 1.3 tr(0.1) nd tr(0.1) nd nd 0.5 0.6 nd --- --- 

[19-2] -1,2,5,6,9,10-
 nd 1.0 nd nd tr(0.1) nd nd tr(0.2) tr(0.2) nd --- --- 

[19-3] -1,2,5,6,9,10-
 nd 2.2 0.7 --- tr(0.1) nd nd 0.4 0.4 nd --- --- 

[19-4] -1,2,5,6,9,10-
 nd nd nd nd nd nd nd nd nd nd --- --- 

[19-5] -1,2,5,6,9,10-
 nd nd nd nd nd nd nd nd nd nd --- --- 

[20]  17 7.0 7.7 27 14 9.3 11 11 14 15 9.7 9.0 

[21] -1,3-
 5,300 7,300 3,400 1,500 4,100 2,400 5,500 2,800 8,200 5,000 4,700 4,700 

[22] 

 
[22-1] 

 tr(0.5) tr(0.7) 0.9 tr(0.7) 0.9 tr(0.6) 0.9 1.0 tr(0.7) tr(0.6) tr(0.4) tr(0.7) 

[22-2] 
 7 tr(4) tr(5) 9 12 tr(5) 6 tr(4) tr(4) tr(3) tr(4) tr(4) 

[23] [23]
 570 500 430 430 570 370 330 370 300 230 170 230 

[23-1] 
( 10  200 230 170 100 230 130 100 170 100 100 100 100 

[23-2] 
( 11  170 170 130 170 200 130 100 130 100 100 100 100 

[23-3] 
( 12  100 80 70 110 90 90 60 50 60 30 30 tr(20) 

[23-4] 
( 13  60 60 50 70 50 50 40 30 40 tr(10) tr(20) tr(10) 

[24] 

PAH  
[24-1]    
[24-2]    
[24-3] [a]

   

[24-4]    
[24-5] [a]    
[24-6] [e]    
[24-7] [b]

   

[24-8] [k]
   

[24-9] [g,h,i]
   

[24-10] 
[1,2,3-c,d]    

[24-11] [a,c]
   

[24-12] [a,h]
   

1 HV 3 3
 

2 PCB PCB
PCB  

3  
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 5-2  POPs 2019  

 
 

2019 pg/m3  

10  11  12  1  2  3  
[1] PCB 51 32 31 30 20 30 
[2] HCB 84 77 98 87 63 86 
[3]  0.24 0.09 0.08 0.11 0.10 0.13 
[4]  1.6 0.71 0.37 0.49 0.51 0.43 
[5]  0.08 nd nd nd nd nd 

[6] 

DDT
[6-1] p,p'-DDT 0.48 --- --- 0.40 0.26 0.29 
[6-2] p,p'-DDE 0.69 --- --- 0.78 0.50 0.46 
[6-3] p,p'-DDD 0.037 --- --- 0.043 0.020 0.033 
[6-4] o,p'-DDT 0.30 --- --- 0.33 0.20 0.25 
[6-5] o,p'-DDE 0.12 --- --- 0.13 0.09 0.11 
[6-6] o,p'-DDD tr(0.04) --- --- tr(0.05) tr(0.02) tr(0.04) 

[7] 

[7-1] cis-  5.7 0.97 0.63 0.73 0.70 0.80 
[7-2] trans-  6.0 0.93 0.63 0.73 0.70 0.83 
[7-3]  0.34 0.21 0.15 0.14 0.13 0.13 
[7-4] cis-  0.67 0.11 0.07 0.08 0.07 0.09 
[7-5] trans-  4.7 0.77 0.50 0.60 0.60 0.67 

[8] 

[8-1]  0.82 0.19 0.11 0.15 0.13 0.18 
[8-2] cis-

 
0.44 0.38 0.23 0.22 0.21 0.20 

[8-3] trans-
 

nd nd nd nd nd nd 

[9] [9-1] Parlar-26 tr(0.2) tr(0.2) tr(0.2) tr(0.1) tr(0.1) tr(0.2) 
[9-2] Parlar-50 nd nd nd nd nd nd 
[9-3] Parlar-62 nd nd nd nd nd nd 

[10]  0.10 0.059 0.18 0.089 0.047 0.45 

[11] 

HCH
[11-1] -HCH 9.5 5.2 5.8 4.1 3.4 5.2 
[11-2] -HCH 1.1 0.40 0.41 0.36 0.25 0.38 
[11-3] -HCH

 
1.8 1.1 1.0 0.83 0.70 1.0 

[11-4] -HCH 0.16 tr(0.05) tr(0.07) tr(0.05) tr(0.04) tr(0.05) 
[12]  nd nd nd nd nd nd
[13]  nd nd nd nd nd nd

[14] 

4 10
[14-1] 

 tr(0.20) tr(0.12) nd 0.30 nd nd 

[14-2] 
 tr(0.11) nd tr(0.07) tr(0.15) nd nd 

[14-3] 
 nd nd nd nd nd nd 

[14-4] 
 nd nd nd nd nd nd 

[14-5] 
 nd tr(0.1) tr(0.1) nd tr(0.1) tr(0.1) 

[14-6] 
 nd nd nd nd nd nd 

[14-7] 
 nd nd nd nd nd nd 

[15] PFOS  2.3 1.5 2.9 1.6 0.7 1.5 

[16] PFOA  2.7 5.4 8.8 8.1 7.6 8.8 

[17]  44 42 86 61 38 66 
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2019 pg/m3  

10  11  12  1  2  3  

[18] 
       

[18-1] -  2.1 1.7 3.0 tr(1.4) tr(0.9) 3.5 
[18-2] -  tr(0.3) tr(0.2) tr(0.2) nd nd tr(0.2) 

[19] 

1,2,5,6,9,10-  
[19-1] -1,2,5,6,9,10-

 tr(0.1) 0.7 0.3 0.5 --- --- 

[19-2] -1,2,5,6,9,10-
 nd tr(0.2) tr(0.1) tr(0.2) --- --- 

[19-3] -1,2,5,6,9,10-
 tr(0.1) 0.3 0.3 0.4 --- --- 

[19-4] -1,2,5,6,9,10-
 nd nd nd nd --- --- 

[19-5] -1,2,5,6,9,10-
 nd nd nd nd --- --- 

[20]  26 12 31 22 16 7.3 

[21] -1,3-
 6,200 4,500 7,400 4,700 3,400 5,000 

[22] 
[22-1] 

 tr(0.7) tr(0.7) tr(0.4) tr(0.5) nd 0.8 

[22-2] 
 6 5 tr(4) tr(4) tr(3) 5 

[23] [23]  300 270 300 300 130 330 
[23-1] 

( 10  100 130 170 130 53 120 

[23-2] 
( 11  130 130 100 100 tr(30) 100 

[23-3] 
( 12  60 40 30 50 30 50 

[23-4] 
( 13  30 tr(20) tr(20) 40 27 60 

[24] 

PAH  
[24-1]  170 100 200 170 120 120 
[24-2]  270 130 370 300 230 170 
[24-3] [a]

 21 tr(14) 44 30 19 tr(12) 

[24-4]  120 77 200 180 110 83 
[24-5] [a]  33 27 73 53 40 23 
[24-6] [e]  57 40 100 87 57 40 
[24-7] [b]

 77 63 150 130 87 53 

[24-8] [k]
 30 20 60 43 27 17 

[24-9] [g,h,i]  67 47 120 97 60 47 
[24-10] [1,2,3-c,d]

 50 37 110 87 57 40 

[24-11] [a,c]
 nd nd tr(10) tr(10) nd nd 

[24-12] [a,h]
 nd nd tr(13) tr(10) nd nd 

1 HV LV 3
3

 
2 PCB PCB

PCB  
3  
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2009 4 12 2 3 PCB

PCB  
 1 PCB  

 

 
 2 HCB  

 

 
1/2  

 3   
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 4  

 

 
1/2  

 5  
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 6-1  p,p'-DDT  

 

 
 7-2  p,p'-DDE  

 

 
 7-3  p,p'-DDD  

  

0

0.5

1

1.5

2

2.5

3

3.5

4

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-1]p,p'-DDT

[6-1]p,p'-DDT
[ ] (pg/m3)

2009 0.07 [0.03]
2010 0.08 [0.03]
2011 0.07 [0.03]
2012 0.08 [0.03]
2013 0.05 [0.02]
2014 0.05 [0.02]
2015 0.05 [0.02]
2016 0.06 [0.02]
2017 0.06 [0.02]
2018 0.08 [0.03]
2019 0.19 [0.07]

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-2]p,p'-DDE

[6-2]p,p'-DDE
[ ] (pg/m3)

2009 0.04 [0.02]
2010 0.05 [0.02]
2011 0.08 [0.03]
2012 0.09 [0.03]
2013 0.04 [0.02]
2014 0.05 [0.02]
2015 0.05 [0.02]
2016 0.06 [0.02]
2017 0.06 [0.02]
2018 0.06 [0.02]
2019 0.04 [0.02]

0

0.1

0.2

0.3

0.4

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-3]p,p'-DDD

[6-3]p,p'-DDD
[ ] (pg/m3)

2009 0.025 [0.009]
2010 0.024 [0.009]
2011 0.04 [0.01]
2012 0.04 [0.01]
2013 0.018 [0.007]
2014 0.018 [0.007]
2015 0.018 [0.007]
2016 0.017 [0.007]
2017 0.018 [0.007]
2018 0.02 [0.008]
2019 0.03 [0.01]



 

 475  

 
 7-4 o,p'-DDT  

 

 
 7-5 o,p'-DDE  

 

 
 7-6 o,p'-DDD  

  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-4]o,p'-DDT

[6-4]o,p'-DDT
[ ] (pg/m3)

2009 0.03 [0.01]
2010 0.03 [0.01]
2011 0.04 [0.01]
2012 0.04 [0.01]
2013 0.018 [0.007]
2014 0.023 [0.009]
2015 0.03 [0.01]
2016 0.03 [0.01]
2017 0.03 [0.01]
2018 0.04 [0.01]
2019 0.05 [0.02]

0

0.2

0.4

0.6

0.8

1

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-5]o,p'-DDE

[6-5]o,p'-DDE
[ ] (pg/m3)

2009 0.025 [0.009]
2010 0.03 [0.01]
2011 0.04 [0.02]
2012 0.04 [0.01]
2013 0.023 [0.009]
2014 0.023 [0.009]
2015 0.019 [0.007]
2016 0.02 [0.008]
2017 0.02 [0.008]
2018 0.02 [0.008]
2019 0.04 [0.02]

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

4 8
2009

12 4 8
2010

12 4 8
2011

12 4 8
2012

12 4 8
2013

12 4 8
2014

12 4 8
2015

12 4 8
2016

12 4 8
2017

12 4 8
2018

12 4 8
2019

12

(p
g/

m
3 )

[6-6]o,p'-DDD

[6-6]o,p'-DDD
[ ] (pg/m3)

2009 0.04 [0.01]
2010 0.03 [0.01]
2011 0.05 [0.02]
2012 0.05 [0.02]
2013 0.05 [0.02]
2014 0.05 [0.02]
2015 0.05 [0.02]
2016 0.05 [0.02]
2017 0.06 [0.02]
2018 0.06 [0.02]
2019 0.08 [0.03]
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[ ] (pg/m3)
2010 0.12 [0.05]
2011 0.18 [0.07]
2012 0.3 [0.1]
2013 0.3 [0.1]
2014 0.3 [0.1]
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[ ] (pg/m3)
2010 0.12 [0.05]
2011 0.16 [0.06]
2012 0.14 [0.06]
2013 0.18 [0.07]
2014 0.18 [0.07]
2015 0.18 [0.07]
2016 0.19 [0.07]
2017 0.19 [0.07]
2018 0.19 [0.07]
2019 0.19 [0.07]
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2010 0.4 [0.1]
2011 0.5 [0.2]
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[ ] (pg/m3)
2010 0.3 [0.1]
2011 0.6 [0.2]
2012 0.3 [0.1]
2013 0.5 [0.2]
2014 0.21 [0.08]
2015 0.17 [0.07]
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2017 0.4 [0.1]
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