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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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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
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2008 3 1
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2002
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trans- cis- trans- -HCH -HCH 1986 1998
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2001

-HCH -HCH
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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
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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]
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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]
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[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]
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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]
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[ ] (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]
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[ ] (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]
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[ ] (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]
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[ ] (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])
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[ ] (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]
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[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]
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[ ] (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]
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[ ] (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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[ ] (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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( )

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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[ ] (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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[ ] (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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[ ] (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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[ ] (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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[ ] (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] 
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[ ] (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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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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[ ] (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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[ ] (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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[ ] (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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[ ] (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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