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PCDDs PCDFs Co-PCBs

PCDDs - -
PCDFs
PCBs
Co-PCBs PCBs 2
226 6’

WHO 2.3 12 TEF
12 Co-PCBs
2 2
2,2'3,3',4,4' ,5-HpCB 2,2',3,4,4',5,5'-HpCB WHO/IPCS TEF
1997 WHO

TeCDDs - -
PeCDDs - -
HxCDDs - -
HpCDDs - -
OCDD - -
TeCDFs
PeCDFs
HxCDFs
HpCDFs
OCDF
TeCBs
PeCBs
HxCBs
HpCBs
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2131718_ - -
10 17 p6 p7
CNP 1,3,5-trichloro-2-(4-nitrophenoxy)benzene PCP
PCP Pentachlorophenol
TEF Toxicity quivalency Factory ( )
2,3,7,8-TCDD
1998 WHO TEF Van den Berg
et al.,1998
TEQ Toxicity quivalency Quantity ( )
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2.1.
PCDDs (PCDFs)
PCB Co-PCBs PCDDs PCDFs 2
Co-PCBs 2
PCBs PCDDs PCDFs 2
PCDDs PCDFs 1 46 9 Co-PCBs 2 62 6
PCDDs 75 PCDFs 135
Co-PCBs PCDDs PCDFs
2,3,7,8 Co-PCBs
2,3,7,8 PCDD 2,3,7,8-TeCDD
PCDDs PCDFs
2.1 2.2 Co-PCBs 2,2',6,6'
2.3
TEF TEF



2.1 PCDDs

2,3,7,8-
PCDDs (cn . TEF
*2
1
(mono) MoCDDs 2
2 .
(di) DiCDDs 10
3
(tri) TrCDDs 14
4
(tetra) TeCDDs 22 2,3,7,8-TeCDD 1
9 10 1 5
@io:QZ (penta) PeCDDs 14 1,2,3,7,8-PeCDD 1
7 o 3
6 5) 4
C C
x+y=1 8 1,2,3,4,7,8-HxCDD 0.1
1 46 9
6
(hexa) HxCDDs 10 1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
10
7 > ¢
(hepta) HpCDDs 2 1,2,3,4,6,7,8-HpCDD 7 \ 0.01
6 ) 4
9 10
8 3 ¢
(octa) OCDD 1 OCDD ]@i j:(é[a 0.0001
6 ©) 4
*1 H) 0) cl)
*2 1997 WHO 1998 (Van den Berg et al., 1998)




2.2 PCDFs

2,3,7,8-
PCDFs (cn " TEF
*
1
(mono) MoCDFs 4
2 .
(di) DiCDFs 16
3
(tri) TrCDFs 28
9 D2
4 8
(tetra) TeCDFs 38 2,3,7,8-TeCDF 7 3 0.1
4
: (5)
9 1 2
1,2,3,7,8-PeCDF 8 3 0.05
7
f
5 ) )
(penta) PeCDFs 28 g
1 2
o A 2,3,4,7,8-PeCDF 8 3 0.5
7 - A
7 3 )
K 6 ((5)) 4 . : 0 . ,
1,2,3,4,7,8-HXCDF O 3 0.1
7
xty=1 8 G 4
(5).
1 46 9 9 32
1,2,3,6,7,8-HXCDF 8 3 0.1
7
4
6 i ®
(hexa) HXCDFs 16 9
1 2
1,2,3,7,8,9-HXCDF 8 3 0.1
7 = f
(5).
9 2
2,3,4,6,7,8-HXCDF 8 3 0.1
7 - A
(5)
. 9 D2
1,2,3,4,6,7,8-HpCDF O 3 0.01
7
4
7 : )
(hepta) HpCDFs 4
9 1 2
8
1,2,3,4,7,8,9-HpCDF O 3 0.01
7 - f
(5)
8 9 2
8
(octa) OCDF 1 OCDF 7 s 0.0001
6 4
&)
*1 H) 0) cl)
*2 1997 WHO 1998 (Van den Berg et al., 1998)




2.3 Co-PCBs

Co-PCBs
PCBs (2,2',6,6") lLrie e TEF *
S No.
3,4,4' 5-TeCB 81 0.0001
3,3,4,4'-TeCB 77 0.0001
0
(non)
3,3,4,4',5-PeCB 126 0.1
3,3,4,4',5,5'-HxCB 169 0.01
2,3,3,4,4'-PeCB 105 0.0001
2,3,4,4',5-PeCB 114 0.0005
209
2 62 6
2,3,4,4' 5-PeCB 118 0.0001
2',3,4,4' 5-PeCB 123 0.0001
1
(mono)
2,3,3',4,4' 5-HxCB 156 0.0005
2,3,3',4,4',5'-HxCB 157 0.0005
2,3,4,4' 5,5'-HxCB 167 0.00001
2,3,3,4,4',55-HpCB 189 0.0001
*1 H) cl)
*2 1997 WHO 1998 (Van den Berg et al., 1998)




2.2.

Wakimoto et al., 1988
, 2003

2.2 , 2003

, 1997;

88

, 1995; Masunaga, 1999;

2.1

, 1997;

PCB

, 1990;

2.4

, 2000



2.4

g-TEQ/year B
9 10 11 12 13 14
5000 1550 1350 1019 812 370
1500 1100 690 555 533 265
700 1153 700 1153 517 848 544 675 342 454 112 135
21 46 22 48 22 49 22 48 22 49 22 49
463 329 301 264 204 190
(2285) (1399) (1415) (1311) (95.3) (948)
(135) (1138) (1013) (69.8) (65.0) (51.1)
) (47.4) (25.4) (218) (265) 92) (147)
) (307) (288) (230) (222) (196) (162)
) (21.8) (209) (133) (142) (14.7) (1356)
01 02 01 02 01 02 01 02 01 02 01 02
14 14 14 14 14 14
7667 8123 | 3683 4138 | 2862 3195 | 2386 2519 | 1895 2009 941967
0.044 0.044 0.035 0.035 0.019 0.008
527 527 529 247 147 0.856
6.14 567 5.77 480 1.99 0.99
1.09 1.09 1.09 1.09 0.99 0505
0.126 0.126 0.126 0.126 0.107 0.208
0,093 0.093 0,093 0,056 0027 0,021
1277 1230 1240 857 460 258
7680 8135 | 3695 4151 | 2874 3208 | 2394 2528 | 1899 2014 | 944 970
1) PCDDs, PCDFs, Co-PCB ~ WHO-TEF(1998)
,2003
8000
|
- o
$ 6000 -
S =
o =
i
(=]
4000
2000
0 = . = B =5 =
10 11 12 13 14
2.2 , 2003

10




CNP PCP
, 2001; Sakurai, 2003
CNP
PCP PCNB 2,4-D
MCP TPN , 1997
PCP CNP
CNP PCP PCNB
2,4-D MCP TPN
! , 2002
CNP PCP
PCP
PCP
1986 PCP
PCP
PCP
1955 1983 164,000

1,500 ng-TEQ/g 250 kg-TEQ , 2002
CNP

PCP CNP CNP

CNP

PCP CNP CNP

1965 1994 78,000 1981
3,600 ng-TEQ/g 1982 22 ng-TEQ/g

210 kgTEQ , 2002

2,4-D , 2002 MCP TPN

, 2002
, 2002

11



o PCBs

PCB
, 2002 Co-PCBs PCB
Sakurai et al., 2002 PCBs
PCBs
59,000 54,000
3 2 , 1995; , 2003
PCBs Co-PCBs PCDDs PCDFs
Co-PCBs PCB 0.1 0.6%
Kannan et al., 1987; Schulz et al., 1989
PCBs URL
o PCB
http://www.env.go.jp/recycle/poly/pcb-pamph/index.html
o PCB http://www.jec.go.jp/pcbtop.htm

12

, 2000;



2.3.

10
, 2000 TEQ 2.3
Co-PCBs Co-PCBs
2.5
2.5
0.14 (pg-TEQ/md) 400 100 =<4
16 (pg-TEQ/m*/ ) 206 103 <2
0.10 (pg-TEQ/L) 283 125 +
0P 79 <2
0.40 (pg-TEQ/g- ) 205 205
2.7 (pg-TEQ/Q) 286 286
1.1 (pg-TEQ/g- ) 368
34 (pg-TEQ/Q) 67
1) - , 2000 -H10 (
2) H10
3) 0
10
1.
47 12
1)
2)
1)
1)
3)
1)
1)
2.
3.
59 20

13

, 1999)



( , 2003)

0.6 pg-TEQ/m?®
1 pg-TEQ/L
150 pg-TEQ/
1,000 pg-TEQ/

http://www.kankyo.metro.tokyo.jp/kaizen/kisei/taiki/dxnlaw/dioxin.htm#ho

http://www.env.go.jp/kijun/dioxn.html

http://www.env.go.jp/council/toshin/t093-h1403.html

http://www.env.go.jp/press/press.php3?serial=1904

http://www.env.go.jp/houdou/gazou/2073/1537/591.pdf

14
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2.4.

2.5 2.6 2.7 2.8

TEQ 2,3,7,8 TEQ
2.4
PCBs 2.2
PCP CNP
HxCDDs TeCDFs PeCDFs HxCDFs PCBs
TeCDDs TeCDFs PeCDFs PCBs
TeCDDs OCDD TeCDFs PeCDFs PCBs
TeCDDs OCDD PCBs
TeCDDs OCDD PCBs
TeCDDs OCDD PCBs
TeCDDs OCDD PCBs
TeCDDs OCDD PCBs PCBs
4
2.9

2.10 2.11 PCDDs PCDFs Co-PCBs
Co-PCBs TEQ 2.12

16



H10 , 1999

, 2000
CNP,PCP , 2000
Sakiyama et al., 2001
A 4
0
v v
TEQ
A 4 A 4 v v
2,3,7,8 TEQ 2,3,7,8
1) 2) 1) TEQ 2)
A 4 v v v
2.5 2.6 2.7 2.8
2.4
1) TeCDDs PeCDDs HxCDDs HpCDDs OCDD TeCDFs PeCDFs HxCDFs HpCDFs OCDF PCBs
PCBs
1
PCDDs,PCDFs,Co-PCBs PCDDs,PCDFs
1 Co-PCBs
2) 2,3,7,8-TeCDD 1,2,3,7,8-PeCDD 1,2,3,4,7,8-HxCDD 1,2,3,6,7,8-HxCDD 1,2,3,7,8,9-HxCDD 1,2,3,4,6,7,8-HpCDD

OoCcbD 2,3,7,8-TeCDF 1,2,3,7,8-PeCDF 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HXCDF 1,2,3,6,7,8-HXCDF 1,2,3,7,8,9-HXCDF
2,3,4,6,7,8-HxCDF 1,2,3,4,6,7,8-HpCDF 1,2,3,4,7,8,9-HpCDF OCDF 3,4,4',5-TeCB 3,3',4,4'-TeCB 3,3',4,4',5-PeCB
3,3',4,4',5,5'-HxCB 2',3,4,4',5-PeCB 2,3',4,4' ,5-PeCB 2,3,3',4,4'-PeCB 2,3,4,4',5-PeCB 2,3',4,4',5,5-HxCB
2,3,3',4,4'5-HxCB 2,3,3',4,4',5'-HxCB 2,3,3',4,4',5,5'-HpCB

1

17
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2.5.

1
13 1.63
pg-TEQ , 2003 1
1.68 pg-TEQ/(kg day) , 2003
10 2.1 pg-TEQ/(kg day)
, 1999 1
(TDI)
2.13 1 10
13
1
O
http://www.env.go.jp/chemi/dioxin/kento/hr_r_idx.html
O )
http://www.env.go.jp/chemi/dioxin/report/TDI/all.pdf
(@}
http://www.env.go.jp/press/press.php3?serial=3838
o 12 13 ( )

(http://www.env.go.jp/press/file_view.php3?serial=4176&hou_id=3258)
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1kg

1
(pg-TEQ/ kg)
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031

017

0.03

0.03

0.01

001

001

001

001

0.00

0.00

0.00

0.00

2.00

*1 10
( ,1999)

1kg
1
(pg-TEQ/ kg)

0.070

0.008

0.078

13

1kg
1
(py-TEQ/ kg)

*1

134

0.15

0.07

0.03

0.02

001

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

163

*1 13
( ,2003)

1kg
1
(py-TEQ/ kg)

0.039

0012

0.051

2.13

, 1999

4%

—

2.00 (pg-TEQ/ kg)

96%

0.08 (pg-TEQ/ kg)
11

2.1 (pg-TEQ/ kg)

89%

, 2003

3%

1.63 (pg-TEQ/ kg)

0.05 (pg-TEQ/ kg)

11
1.68 (pg-TEQ/ kg)

24%

1kg
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2.6.

2.14

2.6

2.14
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2.6.1.

URL

Mackay, 1991 ( )
2.6

http://w-chemdb.nies.go.jp/models/index.html

Exposure Assessment Tools and Models, U.S.EPA The Office of Pollution Prevention and Toxics
(http://www.epa.gov/opptintr/exposure/)

Yoshida,K., Nakanishi,J. (2003) Estimation of Dioxin risk to Japanese from the past to the future.
Chemosphere 53(4), 427-436.

Suzuki,N., Yasuda,M., Sakurai,T., Nakanishi,J. (2000) Simulation of long-term environmental
dynamics of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans using the
dynamic multimedia environmental fate model and its implication to the time trend analysis of
dioxins. Chemosphere 40(9-11), 969-976.

2001

11(4) 793-804.
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2.6

. Suzuki et al.
CalTOX ChemCAN HAZCHEM SimpleBOX
(2000)
Lotus123
Excel
24
10
2 3
1 1
1 1

; SETAC, 1995
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2.6.2.

2.15

)

(Ballschmiter, 1992)
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3.1

3.1

3.1

3.1
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H
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3.1.

3.1.1.
« )
2
Bidleman,
1988 Eitzer et al., 1989
3.2
A
O — O
O — @
O — @
3.2 /
Eitzer
8.1.2
PCDDs PCDFs
log (V/ P)= logP°+ cx,
\
P
P° 25
V/P TSP(total suspended particulate matter)
TSP T
TSP
log {V( TSP)/ P}= a,’+ o/ T  (Yamasaki et al., 1982)

Ao a;
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3.2.

3.2.1.
3.3

3.3

8.1.3

SO,

40



3.2.2.

3.2.3.

3.2.4.
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3.3.
3.3.1.

(Karlheinz et al., 1999)

U.S.EPA

o U.S.EPA 1998 Chemical Fate Half-Lives for Toxics Release Inventory (TRI) Chemicals.
(http://www.epa.gov/opptintr/exposure/docs/trichem.pdf)

PCDDs PCDFs 290 nm

(Pohland et al., 1972; Auty et al., 1984) (Atkinson, 1997)

NO, O, OH
NO, O, OH
OH Atkinson,
1997
OH Atkinson, 1997 OH
OH PCDDs PCDFs
Atkinson, 1996, 1997; Brubaker et al., 1997
OH 9.7><10° mol/cm® Prinn et al., 1995
3.2 3.4 OH
2 Atkinson, 1991
(Karlheinz et al.,
1999)
2,3,7,8-TeCDD 40
2,3,7,8-TeCDD 8% Mill et al, 1987
2,3,7,8-TeCDD CDDs
CDFs 2 6 Koester et al., 1992

42



3.2 PCDDs/ PCDFs/ Co-PCBs
OH

Kon [(10 cm® /mol sec)] t? [day]

TeCDDs 07 17 5 12 Atkinson(1997)
PeCDDs 045 0.75 11 18
HxCDDs 02 04 41 21
HpCDDs 0.13 64 Brubaker(1997)
OCDD 0.05 165
TeCDFs 04 10 g8 21 Atkinson(1997)
PeCDFs 025 045 18 33
HxCDFs 01 02 41 83
HpCDFs 0.06 138 Brubaker(1997)
OCDF 0.03 276
TeCBs 035 17 5 24 Atkinson(1997)
PeCBs 03 09 9 28
HxCBs 0.16 05 17 52
1) 25

2) tiz= n2 / (Koy [OH]), [OH] = 9.7 =< 10° [mol/cm’] (Prinn et al.1995)

300
250
200
150 -
100
50 I I I
0 =I=I 1 1 III 1 1 1 IIIII
%] %] 7] [72] [a) (%] (%] ) n LL ] 0 %)
S 888585 8L83 888
g 229808838 Q0o 2 @ :
- a8 T T = [a T T
( 3.2
3.4 PCDDs / PCDFs/ Co-PCBs
OH

43



4.1

4.1

4.1

4.1

4.1
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4.1.
4.1.1.

4.2
DsoiI= Dsolution>< Kd
Dsolution (pg/mS)
Dsoil (pg/g)
Ky Koc><OC

8.1.4

ocC

45



8.13 )

Dsolution= Dair>< Rx< T/ H

Dsolution (pg/m3)
Dair (pg/mS)
H Henry ((Pa m®)/mol)
R ((Pa m®/mol K
T K

4.1.2.

(McLachlan et al.,
1996)

Yanders et al., 1989

40ppt  TeCDD 12 10cm
(Freeman et al., 1985)
0 125cm 4
(Freeman et al., 1986)
cm
(Liem, 1993)

0 5cm 2,900 pg-TEQ/g 5 10cm 520 pg-TEQ/g

15 20cm 100 pg-TEQ/g 0.5m 1.0m 2.0m 1 pg-TEQ/g
( , 1998)
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4.2.

42.1.
3.2.1

4.2.2.
3.2.2

4.2.3.
3.2.3

4.2.4.

4.2.5.
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4.3.

4.3.1.
, 1999
8cm
8cm 10 (Di Domenico et al., 1980)
(Liem et al., 1993)
Paustenbach et al., 1992; Puri et al., 1992
2,3,7,8-TeCDD Arthur et al., 1989
(Camoni et al., 1982)
Phanerochaete chrysosporium 2%
(Bumpus et al., 1985)
, 1998
4.4,
2,3,7,8-TeCDD
Co-PCBs PCDFs PCDDs
2,3,7,8-TeCDD 5 1
1 17 10 (Di Domenico et al., 1980)
2,3,7,8-TeCDD 435 650
(Kearney et al., 1972)
10 100 (Nauman et al., 1987)
Liem et al., 1993
25 ( )
( , 1998)
2,3,7,8-TeCDD 0.lecm 9 15 25 100

Paustenbach et al., 1992
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5.1

5.1

5.1
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5.1

(13),(14) -

©) -

5.1.
5.1.1.

5.2

Karickhoff Karickhoff et al., 1979

¢
'

U
0

5.2
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5.2.

5.2.1.
3.2.1

5.2.2.
3.2.4

5.2.3.
4.2.4

5.2.4.
4.2.5

5.2.5.

Epat/ SS =Egiss < Ky
K= Ko< OC
Log( K. )=log( K, )}~ 0.21

Ediss (pg/m?)

Epat (pg/m’)

SS (9/9)

Ky (-)

ocC a/g
Koc (-)

Sink=Sv > Eg;

Sink (pg/(m? day))
Sv : (m/day)
Epat

51

(pg/m°)



5.2.6.

Release)= D < (Fsolutionj_ Edissj)/ L

Release’ (pg/(m? day))
D (m?/day)
Fiolution pg/m°
Ediss pg/m?
L (m)
5.2.7.

Odd et al.,1972

Res sed’= M= (€/ Ty~ 1)>< Feegiment
= (P/ 2)> f,>< ug?

Res _sed pg/(m? day)
M )
T (Pa)
T (Pa)
Fsediment pg/g
Ug (m/s)
P (g/m°)
f )
5.3.
Karlheinz et al., 1999 uv
2,3,7,8-TeCDD 57  Nestrick et al., 1980 0.94
2.5 Friesen et al., 1990a; Friesen et al., 1993

Crosbhy et al., 1971; Nestrick et al., 1980; Buser, 1988
10
5.4.
1,3,6,8-TeCDD OCDD

2.6 4.0 Servos et al., 1992 2,3,7,8-TeCDD
15 32 Podoll et al., 1986
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6.1

6.1

a» <>

¥ lT (10) T €)

11 a
6.1

6.1

6.1
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6.1.
6.1.1.

I:sedimentz I:solution>< Kd
I:solution (pg/m3)

Fsediment (pg/g)
Kq

6.2.

6.2.1.
5.2.5
6.2.2.
5.2.6
6.2.3.
5.2.7

6.3.
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7.1
;2.5

||||||||

7.1
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7.1.

7.2

\ [ v
7.2
Kow 8.1.4 BCF
Veith et al., 1979
BCF
logBCF= 0.85>< logK,,~ 0.70 (r>= 0.897)
PCDDs BCF-Kow BCF
Servos et al., 1989
, 1998
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) bioconcentration

PCDDs,PCDFs BCF bioconcentration factor PCBs DDT
Kow Muir et al 1985

PCDDs PCDFs

BCF - BAF(bioaccumulation factor)
Bl bioavailability index 4 6 PCDDs
PCDFs Kuehl et al.,
1987
PCDDs PCDFs
Opperhuizen et al., 1990 2,3,7,8-
Rappe et al., 1991
— BSAF
Co-PCBs
PCDDs,PCDFs ( , 2002)
o - (biomagnification)
TeCDD,PeCDD fathead minnow

Muir et al., 1988

PCDDs,PCDFs
Van der Weiden et al., 1989

Batterman et al., 1989

PCDDs PCDFs

Co-PCBs
2,3,7,8- 2,3,7,8-
( , 2002)

bioconcentration
(biomagnification)
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(U.S.EPA, 1992)

1
o — BSAF(biota to sediment accumulation factor)
(U.S.EPA, 1992)
BSAF= Cliqid/ Coc
Coc= Csed/ OCsed
BSAF -
Ciigia mg/kg
Coc mg/kg
Csed mg/kg
OCsed
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7.2.

7.3

Hulster et al., 1994

Hembrock Heger, 1990

A

7.3
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1 Brigges et al., 1982

(@)
Ci=(Cs>< RFC> VG,)/ Kd,
Cogy mg/kg
Cs
RFC
VGy,
Kd; - (L/7kg )

(@]
Cab\/= Cvpa+ Cppa
Canv (mg/kg
Cvpa mg/kg
Copa mg/kg
Cupe= (B> Cia>< VG,,)/ (1000>< d,)
vaa
Cua (mg/m3)
VG,
d, 1.19 kg/m?
Cppe= F/ (1000 k,>< Y)
F (Hg/(m yn)
K (1/yr)

Y] (kg/m?)
F= Cpa(Va>< I+ RN>< R,><W, > [)
Cra (g/md)

Vy (m/yr)

RN (m/yr)
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7.3.
2.5

, 1997)

Cr =(BCF> DF;>x B> AC,)+ (BCF> DF > AC,)+ (BCF> DF,>< AC/)
Chat (pg/gfat)

BCF )

DF, (-)

B, bioavailability )
AC, (pg/9)

DF, )

AC, (pg/9)

DF /s )

ACys (pg/9)
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, 2001

U.S.EPA
U.S.EPA
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8.1.1. Water Solubility

Doucette

(Doucette, 1988)
LogS+= logS,s+ 0.0235>=< T- 0.588

St T
Sys 25
T 4 - 40
PCDDs/PCDFs 8.1 8.1
Co-PCBs 8.2 8.2
2,3,7,8-TeCDD

(Marple et al., 1984)
1,2,3,4- 1,2,3,7- 1,3,6,8-TeCDD 1,2,3,4,7-PeCDD 1,2,3,4,7,8-HxCDD 1,2,3,4,6,7,8-HpCDD OCDD

HPLC generator column (Fresen et al, 1985; Shiu et al., 1988)
2,3,7,8-TeCDF 2,3,4,7,8-PeCDF 1,2,3,6,7,8-HxCDF 1,2,3,4,7,8-HxCDD 1,2,3,4,6,7,8-HpCDF
GC/MSD (Frisen et al., 1990)
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8.1 PCDDs / PCDFs

(mg/L) ()
23,78-TeCDD 1.93E-05 25  Marple et al.(1986b)” Mackay et al(1992a)
TeCDDs Average 3.30E-04 25 Mackay et al.(1992a) Friesen et aI.(1985)a)
Webster et al (1985) Marple et al.(1986b)
PeCDDs Average 1.18E-04 20 Friesen et al.(1985)a) Mackay et al.(1992a)
1,2,34,78-HxCDD 442E-06 25 Friesen et al.(1985)a) Mackay et al.(1992a)
HxCDDs Average 44E-06 25
1,2,34,6,78-HpCDD 240E-06 20 Friesen et al.(1985)a) Mackay et al.(1992a)
HpCDDs Average 24E-06 20
1234,6,789-0CDD 740E-08 25  Shiu et al(1988)” Mackay et al(1992a)
2,3,78-TeCDF 4.19E-04 227 Friesen et al(1990b)?
TeCDFs Average 4.2E-04 22.7
2,34,78-PeCDF 2.36E-04 22.7 Friesen et a|,(1990b)a)
PeCDFsAverage 24E-04 22.7
1,2,34,78-HxCDF 8.25E-06 22.7 Friesen et a|_(1990b)a)
1,2,3,6,7,8-HXCDF 1.77E-05 22.7
HxCDFs Average 1.3E-05 22.7
1,2,34,6,78-HpCDF 1.35E-06 22.7 Friesen et a|_(1990b)a)
HpCDFsAverage 14E-06 22.7
1234,6,789-0OCDF 1.16E-06 25 Friesen et al.(1990b)"
a) HPLC generator column
1.0E-02
A 20
& 227
® 25
° * .
~ 1.0E-04 F A
>
£
.
)
A
1.0E-06 | ¢ o
v
)
1.0E-08 " - s o " - " " : 0
5885888555888
© g g E° 22 EoZ
( 8.1

8.1 PCDDs / PCDFs
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8.2Co-PCBs

(mg/L) ()
33'44'-TeCB(#77) 1.0E-03 25 Mackay et aI.(1992b)a)
344'5-TeCB(#81) 2.92E-03 25 Abramowitz and Yalkowsky (1990)
2,3.3'44'-PeCB(#105) 190E-03 25 Dunnivant et al.(1992)
2344'5-PeCB(#114) 258E-03 20 Murphy et aI.(1987)a)
2,3'44'5-PeCB(#118) 159E-03 20
2'34,4'5-PeCB(#123) 164E-03 25 Abramowitz and Yalkowsky (1990)
3,3'44'5-PeCB(#126) 1.03E-03 25
233'4,4'5- HXCB(#156) 4.10E-04 20 Murphy et aI.(1987)a)
233'44'5'- HXxCB(#157) 361E-04 25 Abramowitz and Yalkowsky (1990)
2,3'44'55'-HXCB(#167) 361E-04 25
33'44'55'-HxCB(#169) 3.61E-05 25
233'44'55'- HpCB(#189)  6.26E-05 25
2.2'33'44'5-HpCB 227E-04 20  Murphy et al(1987)”
22'344'55' HpCB 440E-04 20
a) HPLC generator column
1.0E-02
L4 A
°
° Ao,
A
- A o o a
I 10E-04
1.0E-06
A 20
e 25
v
1.0E-08
Fg258g8855888¢8
TrEiiEddifddgs?
©SEBE8E8888885
PR eezssiEfess
i S O R N L
S ¥ysT T TLL 280220
b o ¥ Y FTrr Y
Moy Nl sty TN
N N o N ™ o~ (32} qu qu -
N g N g
N
( 8.2
8.2 Co-PCBs
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8.1.2.

1987

8.3

(Vapor Pressure)

8.3

PCDDs PCDFs Co-PCBs

8.3 PCDDs/PCDFs 8.4
Co-PCBs 8.4 8.5 PCDDs PCDFs
2,3,7,8-
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8.3 PCDDs/ PCDFs

8.4 PCDDs/ PCDFs

67

Pa
a)
237:8-TeCDD 20E-07 o5 Rordorf(1987)7,
Mackay(1992a)
TeCDDs Average 1.9E-06 25 average
1,2,3,7,8-PeCDD 5.9E-08 25 Rordorf(1987)
PeCDDs Average 75E-08 25 average
1,2,34,78-HxCDD 5.1E-09 25  Mackay(1992a)
1,2,3,6,7,8-HxCDD 4.8E-09 25 Rordorf(1987)
1,2,3,7,89-HxCDD 6.5E-09 25
HxCDDs Average 5.9E-09 25 average
_ _ Rordorf(1987)
1234,6,78-HpCDD 7.5E-09 25 Mackay(1992a)
HpCDDs Average 43E-09 25 average
Rordorf(1987)
12346789-0CDD 1.1E-10 25 Mackay(1992a)

_ _ Rordorf(1989)
2,3,78-TeCDF 2.0E-06 25 Mackay(1992a)
TeCDFs Average 3.3E-06 25 average
1,2,3,7,8-PeCDF 2.3E-07 25 Rordorf(1989)

_ _ Rordorf(1989)
2,34,78-PeCDF 35E-07 25 Mackay(1992a)
PeCDFsAverage 3.6E-07 25 average

_ _ Rordorf(1989)
1,2,34,7,8-HXCDF 3.2E-08 25 Mackay(1992a)
1,2,3,6,7,8-HXCDF 29E-08 25 Rordorf(1989)
1,2,3,7,89-HXCDF
2,34,6,7,8-HxCDF 2.7E-08 25 Rordorf(1989)
HxCDFs Average 3.7E-08 25 average

_ ~ Rordorf(1989)
1234,6,78-HpCDF 4.7E-09 25 Mackay(1992a)
12,34,789-HpCDF 14E-08 25
HpCDFsAverage 6.3E-09 25 average
12346,789-OCDF 5.0E-10 25 Rordorf(1989)

a) GC
1.0E-02
10E-04 ¢
<
. )
1.0E-06 E *
)
)
)
10E-08 F ° ° °
v
)
1.0E-10 L
[%] %) %] () 7] %) (7] [%2] [T
5588885855888
o
AN I
( 8.3



8.4 Co-PCBs

Pa
33 44'-TeCB(#77) 6.0E-05 25  Mackay et al (1992b)”
, Foreman and
344'5-TeCB(#81) 10E-04 25 Bidleman(1985)
Foreman and
2,33'44'-PeCB(#105) 11E-04 25 Bidleman(1985)
2,344'5-PeCB(#114) 5.6E-05 20  Murphy et aI.(1987)a)
2,3'44'5-PeCB(#118) 42E-05 20
\ , Foreman and
2'344'5-PeCB(#123) 12E-04 25 Bidleman(1985)
3,3'4,4'5-PeCB(#126) 39E-05 25
A Foreman and
2,33'44'5- HXCB(#156) 2.0E-05 25 Bidleman(1985)
233'44'5'- HXCB(#157) 7.3E-06 25
23'44'55'-HxCB(#167) 2.6E-05 25
33'44'55'-HXxCB(#169) 24E-05 25 Mackay et al.(1992b)
Foreman and
233'44'55'- HpCB(#189) 1.7E-06 25  Bidleman(1985)
2.2'33'44'5-HpCB 86E-07 25  Murphy et al.(1987)
22'344'55' HpCB 3.6E-06 25
a) GC
1.0E-02
10E-04 rg ©® © L4
) e o ° o o
—_ )
g °
o o °
10E-06 E )
10E-08 ¢
v
1.0E-10 ! !
FEgEgs2ggg558883
F - FESEFEEEEREST
R38E885858888882%
FPHR2REeeEisrisrdsrx
< W0 | | | I | P A
< % % W W iy DDy g M
R T L S S S STVl SR R ]
P R A A A T VO SN
Q2o -y oy ¥Y g
N N g N ™ o o M ™ EV';
o~ (\‘— N o (O:
N
( 8.4
8.5 Co-PCBs
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8.1.3. Henry's Constant

P= Hx< H
H (Pa
m?3)/mol
H=
C/Cy Cy, Cu
P=H> ¢

P (Pa)

H ((Pa m3/mol)

c (mol/m®)

S

1 atm( 101325 Pa )
N2 02
=0.78 atm =0. 21 atm
78 21
N, O,
0.15%<10% 0.78><102
(atm mé)/mol (atm m3)/mol
NZ OZ
5.2>107% mol/m? 2.7><1073 mol/m3

T S i St S S A St S S S S S S S S S S A
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1)

P=Hx>x C (1)
H=P/ C
P (Pa)
H ((Pa m3/mol)
C (mol/m®)
)
H=Ps/C (2
Ps (Pa)
H ((Pa m®/mol)
C (mol/m?)
©)
AS, /R 6.79 Bidleman, 1988
In(P,/ P,)= AAS, < (T-T, )/ Rx T ®3)
P, (Pa)
P, (Pa)
AS, ((Pa m3)/(mol K))
R ((Pa m3/(mol K))
Tn (K)
T (K)
Bidleman, 1988
8.5 PCDDs/PCDFs 8.6
Co-PCBs 8.6 8.7
8.7 8.8 PCDDs/ PCDFs 8.8 8.9 Co-PCBs
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8.5 PCDDs/ PCDFs

Pa—mslmol)
2,3,78-TeCDD 3.33 Mackay et aI.(1992a)a)
TeCDDs Average 172 average
PeCDDs Average 0.26 average
12,3,4,7,8-HXxCDD 108 Mackay et al(1992a)”
HxCDDs Average 111 average
1,2,34,6,78-HpCDD 1.8 Mackay et al.(1992a)”
HpCDDs Average 1.28 average
. a)
12346,7.89-0CDD 068 Shiu et al (1988)
Mackay et al.(1992a)
2,378-TeCDF 146 Mackay et al.(1992a)a)
TeCDFs Average 142 average
2,34,78-PeCDF 050 Mackay et aI.(1992a)a)
PeCDFsAverage 051 average
12,3,6,7,8-HXCDF 074 Mackay et al(1992a)”
HxCDFs Average 111 average
1,2,34,6,7,8-HpCDF 143 Mackay et al.(1992a)”
HpCDFsAverage 142 average
12346,789-0OCDF 0.19 calculated(VP/WS)
a)
100.0
=
£
(a2}
g 100
[
a
)
10 ° Y o ° [ ]
)
°
. v
)
01 ! ! ! ! !
2 & 8 &3 & ¢ & & &
85585388138 838
O o
8 2 2 ° 22 fF
( 8.5

8.6 PCDDs/ PCDFs
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8.6 Co-PCBs

Pa-m°/mol)
3,3'44'-TeCB(#77) 172 Mackay et al.(1992b)
344'5-TeCB(#81) 1297 Murphy et al(1987)"
2,33'4,4'-PeCB(#105) 1006 Dunnivant et al.(1992)"
2344'5-PeCB(#114) 6.99 Murphy et al (1987"
23'44'5-PeCB(#118) 861
2'344'5-PeCB(#123) 1763 Dunnivant et al.(1992)”
3.3'4,4'5-PeCB(#126) 547
233'44'5- HXCB(#156) 88.15 Murphy et al (1983)”
233'44'5'- HXCB(#157) 58.77
2,3'44'55'-HxCB(#167) 1115 Dunnivant et aI.(1992)a)
33'44'55'-HXCB(#169) 6.61
233'44'55'- HpCB(#189) 6.74
2,2'33'44'5-HpCB 152 Murphy et aI.(1987)a)
22'344'55' HpCB 3.24
a)
100.0 ®
[ ]
g
3 o °
£ 100 . ° e
& [ ] ° o o
[ ]
i °
10 F
~
0.1 v
Fgeossgggs558g83d
F S EEEEEEEEEE ST
O O M M M M M M O M M M n O
O O 0O O O 0O 0O O O O o O Y
R EEEEEEEEEE:
B
m T ¥ ¥ YT Iy Fww §0y
LI R A ™ . S AT SN
T 0% e YT
N NN e 2_ R RPN
o~ ~ N (32] (O:
N
( 8.6
8.7 Co-PCBs
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8.7

PCDDs/ PCDFs

23,78-TeCDD 305 - 306 Rordorf (1987)
1,2,3,78-PeCDD 240 - 241
1,2,34,78-HxCDD 273 - 275
1,2,3,6,7,8-HXxCDD 285 - 286
1,23,789-HXxCDD 243 - 244
1234,6,7,8-HpCDD 264 - 265
12346,789-0CDD 325 - 326 Friesen et al. (1985)
2,3,78-TCDF 227 - 228 Rordorf (1989)
1,2,3,78-PeCDF 225 - 227
234,78-PeCDF 196 - 1965
12,34,78-HxCDF 2255 - 2265
1,2,3,6,7,8-HXCDF 232 - 234
1,2,3,789-HxCDF 246 - 249
2,34,6,78-HXxCDF 239 - 240
1,2,34,6,78-HpCDF 236 - 237
1,2,34,789-HpCDF 221 - 223
1234,6,7,89-OCDF 258 - 260
340
°
°
290 ®
°
—_ L o °
- 20— — 0 @ o o
L2 ) P PY
190 °
140
90
ON 0000 YL wow W WL L Lo
a
6808888828608583583¢238
FEILTIFQ gadf LI EQ
b ooh bbb Db chhhdd D
Ne~N~co~N3age~s~NN~NGN~~ o X
F o F O ~O SN ON~N GO~
N oot doomoogs s s 9
dadNe Y dadddoo o
— — — "N’» e G G Y 2
— & — = 5
( 8.7
8.8 PCDDs/ PCDFs
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8.8 Co-PCBs

3,3'44'-TeCB(#77) 180 - 181 Bolgar et al. (1995)
344'5-TeCB(#81) 160 - 163
2,33'44'-PeCB(#105) 1165 - 1175
2344'5-PeCB(#114) 98 - 99
2,3'44'5-PeCB(#118) 111 - 113
2'344'5-PeCB(#123) 134 - 135
3,3'4,4'5-PeCB(#126) 160 - 161
2,33'44'5- HXCB(#156) 1295 - 131
2,33'44'5'- HXCB(#157) 161 - 162
2,3'44'55'-HXCB(#167) 125 - 127
3,3'44'55'-HxCB(#169) 208 - 210
233'44'55'- HpCB(#189) 162 - 163
2,2'33'44'5-HpCB 1365 - 1385
22'344'55 HpCB 1125 - 114
340
290
~ 240
°
190 e
° ° ° °
140 [ () PY )
L ° ° °
90 i ‘
Fn T N R P e I N [a1]
SE5388 8856888828
FriiEididsdiiss
C8gggseaagggey
FE Q@@ eeREEEEERSS
& N | [ | | PR | wm <
S 0% X Rl 00 o O
LS G S A A SR Tl W RPN
P T A A A A A N
TRl R e sy
N

8.8

—~

8.9 Co-PCBs
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8.1.4. (Partition Coefficient)

2
8.10 2
A
Ca Co Ca
Cs Cw Cw
B
Kas=CA/ Cq Kow= Co/ Cyy Kaw=Ca/ Cy

KOW

Koe= 0.411< Kgy
logK,.= 0.72> logK,,+ 0.49
logK,= 1.03>< logK,,—~ 0.61

*

KAW -
(Kaw=Ps/ R>< T>=< C) P,
Kaw=H/ (R>< T) H
Ko -
(Kp=y>< Koc

8.10

(Karickhoff, 1981)
(Schwarzenbach et al., 1981)
(Seth et al., 1999)

, 1987
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- Octanol-Water Partition Coefficent

8.9 PCDDs/PCDFs - EPA
8.11 Co-PCBs - 8.10 8.12

- (Organic Carbon-Water Partition Coefficient)

2,3,7,8-TeCDD 7.39 Jackson et al., 1986
1,2,3,7-TeCDD 1,2,3,4,7-PeCDD 1,2,3,4,7,8-HxXCDD 2,3'4,4'5-PeCB
5.97 5.68 5.92 5.7 generator column Webster et al., 1986
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8.9 PCDDs/ PCDFs

77

log Kow
(-)
2,3,78-TeCDD 6.8 Mackay et al.(1992a)
TeCDDs Average 6.5 average
1,2,3,7,8-PeCDD 6.6 Sijm et aI.(1989)a)
PeCDDs Average 6.6 average
1234,78-HxCDD 78 Mackay et al.(1992a)
HxCDDs Average 73 average
1234,6,78-HpCDD 80 Mackay et al.(1992a)
HpCDDs Average 8.0 average
. a)
12346.7,89-0CDD g2  Shiuetal(1988)
Mackay et al.(1992a)
2,378-TeCDF 6.1 Mackay et al.(1992a)
TeCDFs Average 6.2 average
1.23,7,8-PeCDF 6.79 Sijm et al.(1989)
2,34,78-PeCDF 6.5 Mackay et al.(1992a)
PeCDFsAverage 6.4 average
1,2,34,78-HXCDF 70 Mackay et al.(1992a)
HxCDFs Average 7.0 average
1234,6,78-HpCDF 74 Mackay et al.(1992a)
HpCDFsAverage 74 average
12346,789-OCDF 8.0 Mackay et al.(1992a)
a) slow stirring method
9.0
)
8.0 [ ] [
° )
70 [ J
o ©
° )
6.0
50
4.0 :
7 %) %) =) (72} ) (%} %) TR
58858585883
e g2 ° 2 g £ 2 °
( 8.9
8.11 PCDDs/ PCDFs -




8.10 Co-PCBs

log Kow
(-)
33'4,4'-TeCB(#77) 6.5 Mackay et al.(1992b)
Hawker annd
344'5-TeCB(#81) 6.4 Connell (1988)
2,33'4,4'-PeCB(#105) 6.0 Mackay et al.(1992b)
, Hawker annd
2,344'5-PeCB(#114) 6.7 Connell (1988)
ApEL Rapaport and
2,3'44'5-PeCB(#118) 71 Eisenreich (1984)
\ . Hawker annd
2'34,4'5-PeCB(#123) 6.7 Connell (1988)
3,3'4,4'5-PeCB(#126) 6.9
2,33'44'5- HXCB(#156) 72 Risby et al.(1990)
233'44'5'- HXCB(#157) 72
2,3'44'55'-HXCB(#167) 71
3,3'44'55'-HXxCB(#169) 75
e Hawker annd
233'44'55'- HpCB(#189) 77 Connell (1988)
2,2'33'44'5-HpCB 73
22'344'55 HpCB 74
9.0
8.0
)
)
70 ° e o o o ®
. )
Y o
® .
' 60 ®
5.0
4.0
fgesagggssegdaq
S siiEsiEcEEETE
Q Q m [a1] [a1] [a1] m m m [a1] [Te) [Te)
2 & 0O 0O O O OO0 O O O O 7 v
SRS EEEE T
S T % 0 W oo o b Db g oo
R S S S S - P R SV
o © n s £ T F R Yoy o W
Q2w 9y 5 XY g
N NN e g_ [ NN
o & o~ ™ oc:
N
( 8.10
8.12 Co-PCBs -
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8.1.5. (Photo Quantum Yields)

8.11 PCDDs/ PCDFs

8.11

(mol/einstein)

12,3,7-TeCDD 542E-04 (Choudhry and Webster, 1989)
13,6,8-TeCDD 2.17E-03 (Choudhry and Webster, 1989)
2.3,78-TeCDD 2.20E-03 (Dulin et al.,, 1986)
2,3,78-TeCDD 3.30E-02 (Rapaport and Eisenreich, 1984)
23,78-TeCDD 1.62E-02 (Yan et al., 1995)
1234,7-PeCDD 9.78E-05 (Choudhry and Webster, 1987)
1,2,34,78-HxCDD 110E-04 (Choudhry and Webster, 1987)
12,34,78-HxCDD 158E-03 (Yan et al., 1995)
1,2,34,6,78-HpCDD 1.53E-05 (Choudhry and Webster, 1987)
OCDD 2.26E-05 (Choudhry and Webster, 1987)
OCDD 1.25E-03 (Yan et al., 1995)
124,78-PeCDF 129E-02 (Choudhry et al., 1990)
123478-HxCDF 6.96E-04 (Choudhry et al. 1990)

8.2.

8.12
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08

8.12

m/h

30pam

30pam

m/s

Fx

m/day

cn’/s

mm

g/ (n* day)

1m?

dyn/cm?




9.1.

9.2.

9.1
9.1
13 14

8 8/3 8/10 174 2/1
8/10 8/17 2/1 2/8

8/17 8/24 2/8 2/15

8/25 8/31 2/15 2/22

9 9/5 9/28 2/22 3/1
10 9/28 11/5 3/1 4/1
11 11/5 11/12 4/1 5/2
11712 11719 5/2 5/9

11719 11/26 5/9 5/16
11726 12/3 5/16 5/23
12 12/3 1/4 5/23 5/30
6/3 7/1

7/1 8/1

8/1 8/8

8/8 8/15
8/15 8/22
8/22 8/29

8/29 072
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9.3.

PCDDs/PCDFs Co-PCBs

9.1 9.2
9.3 9.6
9.7
PCDDs/PCDFs
PCDDs/PCDFs
Co-PCBs
Co-PCBs

PCDDs/PCDFs Co-PCBs

PCDDs PCDFs
PCDDs PCDFs

82

9.1 9.2 9.3 94 95 96
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PCDDs/ PCDFs A PCDDs/ PCDFs A

4000 E 50
3000 |- 40
g
3 20
2000
> i£20
2
1000 | 0
0 0
8 9 10 11 12 1 2 3 4 5 6 7 8 § 9 10 11 12 1 2 3 5
Co-PCBs A Co-PCBs A
4000 10
3000 -
=
g o
. 2000 g
= >
E g
g
1000 -
0 0
8 9 10 11 12 1 2 3 5
PCDDs/ PCDFs B PCDDs/ PCDFs B
15000 200
150
10000 |
> g
=] NE
e 5100
N
g 5000 | =
&
g 50
0 0
8 9 10 11 12 1 2 3 4 5 6 7 8 8 9 10 11 12 1 2 3 5
Co-PCBs B Co-PCBs B
2000 20
z
z o
1000 - E 0|
= S
S g
2
0 0
8 9 10 11 12 1 2 3 4 5 6 7 8 8 9 10 11 12 1 2 3 5
9.1 A B PCDDs/PCDFs Co-PCBs

2001 8 2002 8

83




pg/ m? day

pg/ m? day

pg/ m? day

pg/ m? day

100%

®
Q
=

@
=]
=

N
Q
=

N
=1
=

=
=

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

PCDDs/PCDFs

0 11 12 1

Co-PCBs

PCDDs/PCDFs

Co-PCBs

10 11 12 1

9.2 A

84

PCDDs/PCDFs
100%
80%
z
2 60%
£
N
4o
i
2
20%
0%
10 11 12 1
Co-PCBs
100%
80%
z
Z60%
£
~
Q@ aom
i
&
= 20%
0%
0 11 12 1
PCDDs/PCDFs
100%
80%
)
o 60%
£
~N
S 4%
i
2 20
0%
0 11 12 1
Co-PCBs
100%
80%
)
o 6%
£
S
Q4%
i
f=2]
S 20
0%
10 11 12 1
PCDDs/PCDFs
2001

Co-PCBs



100 900
90 | °
= 1 800
80 1 * 1 700
70 |
1{ 600
60 |
1 500
50
1 400
40 |
1 300
30 |
20 | 1{ 200
NN HH HHH NI ERL .
I O O O O Y. D O Al
8 9 10 11 12 1 2 3 4 5 6 7 8
100 20000
90 | — 1 18000
| m— |
80 | o 1 16000
70 | 1 14000
o 60 | 1 12000
e
N
>
850 | 1 10000
40 I 1 8000
b o
30 | 1 6000
20 I 1 4000
o H H H H HHHH ] H [
0 L . 1 L [T 5 [ L L A L L L L L L A /|| [ L1 A L 1 0
8 o 10 11 12 1 2 3 4 5 6 7 8
9.3 PCDDs/PCDFs A

2001 8 2002 8

85

pg/(m2 day)

pg/(m2 day)



100

90

80

70

60

pg/m®

50

40

30

100

90

80

70

60

pg/m 8

50

40

30

20

10

C—Imono-ortho PCBs

I non-ortho PCBs
mono-ortho PCBs

—aA—non-ortho PCBs

C—Imono-ortho PCBs

= non-ortho PCBs
mono-ortho PCBs

—a4&—non-ortho PCBs

9.4 Co-PCBs

86

3500

1 3000

1 2500

1 2000

1500

1000

500

25000

20000

15000

pg/(m2 day)

10000

5000

pg/(m2 day)



pg/m *

350
]
300 | = I
+
250 |
£200 |
N
2 |
150 |
100 ////).\\\\
50 ® /H\' ]
0
8 9 0 11 12 1 2 3 4 5 6 7 8
350 18000
]
1 16000
300 | =
¢ 1 14000
250 |
1 12000
200 1 10000
150 | 1 80000
1 60000
100 |
1 40000
50 |
H H H H 1 20000
0 A Hn\ L L H\ L L L I e | L L L L 11 Al L Il L 0
8 9 0 11 12 1 2 3 4 5 6 7 8
9.5 PCDDs/PCDFs B
2001 8 2002 8

87

4000

3500

3000

2500

2000

1500

1000

500

0

0

0

pg/(m2 day)

0

0

pg/(m2 day)



pg/m s

50

45

40

35

30

20

15

10

120

100

pg/m

80

I mono-ortho PCBs
I non-ortho PCBs
mono-ortho PCBs

—aA—non-ortho PCBs

C—Imono-ortho PCBs
I non-ortho PCBs
mono-ortho PCBs

—a&—non-ortho PCBs

9.6 Co-PCBs

88

B
2001 8

2002

8

900

1 800

1 700

1 600

1 500

1 400

300

200

100

30000

25000

20000

15000

10000

5000

pg/(m2 day)

pg/(m2 day)



100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

PCDD

oEeEOOm

OCDD

HpCDDs
HxCDDs
PeCDDs
TeCDDs

PCDD

OomEOO0O®m

OCDbD

HpCDDs
HxCDDs
PeCDDs

TeCDDs

omeE0OO0Om

OCDD

HpCDDs
HxCDDs
PeCDDs
TeCDDs

oEeEOOm

OCDD

HpCDDs
HxCDDs
PeCDDs
TeCDDs

9.7

89

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

100%

80%

60%

40%

20%

0%

PCDF

PCDF

| e

PCDF

|

PCDF

|

B OCDF

O HpCDFs
O HxXCDFs
B PeCDFs
O TeCDFs

OCDF
HpCDFs

PeCDFs

u
O
O HxCDFs
u
[m

TeCDFs

OCDF

HpCDFs
HXCDFs
PeCDFs

OomEOO0O®m

TeCDFs




10.

10.1.
PCDDs 2,3,7,8-
10.2.
10 1 Wellington laboratories
2
13C
HRGC/HRMS
220 300nm 310 400nm
PCDDs
HRGC/HRMS

10.1

Wellington laboratories

2,3,7,8-TeCDD

3C-2,3,7,8-TeCDD

1,2,3,7,8-PeCDD

3C-1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD

BC-1,2,3,4,7,8-HxCDD

1,2,3,7,8,9-HxCDD

BC-1,2,3,7,8,9-HXCDD

1,2,3,4,6,7,8-HpCDD

3C-1,2,3,4,6,7,8-HpCDD

OCDD

BC-0CDD

90



10.3.

10.1 10.2

2,3,7,8-TeCDD > 1,2,3,7,8,9-HxCDD > 1,2,3,7,8-PeCDD

>1,2,3,4,6,7,8-HpCDD > 1,2,3,4,7,8-HXxCDD = OCDD
220 300 nm 310 400 nm

2,3,7,8-TeCDD  OCDD

10
10.4.
14 12 12 15 1 20 10:00
16:00
10.2 10.1 10.2
220-300nm 1 1.05 J/cm?
10.1 20 J/cm? 1hr 1 7 2.7
10.2 2
J/(cm? hr)
220-300 nm 0.46 1.90 1.05
310-400 nm 1.57 5.84 3.60

91



1000

100

10

(%)

01

0.01

1000

100

10

(%)

0.1

0.01

10 20 30 40 50 60
(37cm?)
10.1 (220-300 nm)
20 40 60 80 100 120 140 160 180 200
(I/cm?)
10.2 (310-400 nm)

92

® 2378-TeCDD

® 12378-PeCDD
1.2,34,78-HxCDD

® 1,23,7,89-HxCDD

©12346,78-HpCDD
OCDD

® 2378-TeCDD

® 12378-PeCDD
1234,78-HxCDD

® 1,23,7,89-HxCDD

©12346,78-HpCDD
OCDD




11.

Abramowitz,R., Yalkowsky,S.H. (1990) Estimation of aqueous solubility and melting point for PCB
congeners. Chemosphere 21(10-11), 1221-1229.

Arthur, M.F., Frea, J.I. (1989) 2,3,7,8-Tetrachlorodibenzo-p-dioxin: aspects of its important properties
and its potential biodegradation in soils. J. Environ. Qual. 18, 1-11.

Atkinson,R. (1991) Atmospheric lifetimes of dibenzo-p-dioxins and dibenzofurans.The Science of the Total
Environment 104(1-2), 17-33.

Atkinson,R. (1996) Atmospheric chemistry of PCBs, PCDDs and PCDFs. Issues in Environmental Science
and Technology. 6, 53-72.

Atkinson,R. (1997) Atmospheric chemistry of PCBs, PCDDs and PCDFs. Issues in Environmental Science
and Technology 6, Chlorinated Organic Micropollutants., The Royal Society of Chemistry, 53-72.

Auty,A.R., Jones,A.C. , Phillips,D. (1984) Fluorescence excitation-spectra and decay times of jet-cooled
dibenzofuran and the dibenzofuran water complex. Chemical Physics Letters 112(6), 529-533.

Batterman,A.R., Cook,P.M., Lodge,K.B., Lothenbach,D.B., Butterworth,B.C. (1989) Methodology used
for a laboratory determination of relative contributions of water, sediment and food chain routes of uptake
for 2,3,7,8-TCDD bioaccumulation by lake Trout in lake Ontario. Chemosphere 19, 451-458.

Bidleman,T.F. (1988) Atmospheric processes — wet and dry deposition of organic-compounds Are
controlled by their vapor particle partitioning. Environ.Sci.Technol. 22(4), 361-367.

Bolgar, M., Cunningham, J., Cooper, R., Kozloski, R., Hubball, J., Miller, D.P., Crone, T., Kimball, H.,
Janooby, A., Miller, B., Fairless, B. (1995) Physical, spectral and chromatographic properties of all 209
individual PCB congeners. Chemosphere 31(2), 2687-2705.

Briggs,G.G., Bromilow,R.H., Evans,A.A. (1982) Relationships Between Lipophilicity and Root Uptake and
Translocation of Non-ionisedChemicals by Barley. Pestic. Sci. 13, 495-504.

Brubaker,W.W., Jr.Hites,R.A. (1997) Polychlorinated dibenzo-p-dioxins and dibenzofurans: Gas-phase
hydroxy radical reactions and related atmospheric removal. Environ.Sci.Technol. 31, 1805-1810.

Bumpus, J.A., Tien, M., Wright, D., Aust, S.D. (1985) Oxidation of persistent environmental pollutants by
a white rot fungus. Science 228, 1434-1436.

Buser,H.R (1988) Rapid photolytic decompotion of brominated and brominated/chlorinated dibenzodioxins
and dibenzofurans. Chemosphere 17, 889-903.

93



Camoni, I., Dimuccio, A., Pontecorvo, D., Taggi, F., Vergori, |. (1982) Laboratory investigation for the
microbial degradation of ,3,7,8-tetrachlorodibenzo-p-dioxin in soil by addition of organic compost.
Pergammon Ser. Environ. Sci. 5, 95-103.

Choudhry,G.G., Webster,G.R.B. (1987) Environmental photochemistry of polychlorinated dibenzofurans
(PCDFs) and dibenzo-para-dioxins (PCDDS) — a review. Toxicol. Environ.Chem. 14, 43-61.

Choudhry,G.G., Webster,G.R.B. (1989) Environmental photochemistry of PCDDs. 2. Quantum yields of
the direct phototransformation of 1,2,3,7- tetrachlorodibenzo- para - dioxin, 1,3,6,8 - tetrachlorodibenzo-
para- dioxin,1,2,3,4,6,7,8-heptachlorodibenzo-para-dioxin, and 1,2,3,4,6,7,8,9- octachlorodibenzo-
para-dioxin in aqueous acetonitrile and their sunlight half-lives. J. Agric. Food Chem. 37, 254-261.

Choudhry,G.G., Foga,M., Webster,G.R.B., Muir,D.C.G., Friesen,K. (1990) Photochemistry of
halogenated benzene-derivatives .11. quantum yields of the direct phototransformation of 1,2 4,7,8-
pentachlorodibenzofuran and 1,2 3,4,7,8- hexachlorodibenzofuran in agueous acetonitrile and their sunlight
half-lives. Toxicological and Environmental Chemistry 26, 181-196.

Crosby,D.G., Wong,A.S., Plimmer,J.R., Woolson,E.A. (1971) Photodecomposition of chlorinated
dibenzo-p-dioxins. Science 195, 748-749.

Dickhut,R.M., Andren,A.W., Armstrong,D.E. (1986) Aqueous solubilities of 6 polychlorinated biphenyl
congeners at 4 temperatures. Environ. Sci. Technol. 20(8), 807-810.

Di Domenico A., Silano,V., Viviano G., Zapponi,G. (1980) Accidental release of
2,3,7,8-tetrachlorodibenzo -para-dioxin (TCDD) at Seveso,ltaly.5. environmental persistence of TCDD in
soil.Ecotoxicology and Environmental Safety 4, 339-345.

Doucette,W.J., Andren,A.W. (1988) Aqueous solubility of selected biphenyl, furan, and dioxin congeners.
Chemosphere 17(2), 243-252.

Dulin,D., Drossman,H., Mill,T. (1986) Products and quantum yields for photolysis of chloroaromatics in
water. Environ. Sci. Technol. 20, 72-77.

Dunnivant,F.M., Eizerman,A.W., Jurs,P.C., Hasan,M.N. (1992) Quantitative structure property
relationships for aqueous solubilities and Henry's Law Constants of polychlorinated biphenyls. Environ. Sci.

Technol. 26(8), 1567-1573.

Eitzer,B.D., Hites,R.A (1989) Polychlorinated dibenzo-para-dioxins and dibenzofurans in the ambient
atmosphere of Bloomington , Indiana.,Environ.Sci.Technol. 23(11), 1389-1395.

Fiedler,H., Hutzinger,O. (1991) Senken fur Dioxine: Photochemischer Abbau., Eco-Informa Press,
Bayerth.Organohalogen Compounds 5, 58-62.

Foreman,W.T., Bidleman,T.F. (1985) Vapor pressure estimates of individual polychlorinated biphenyls and
commercial fluids using gas chromatographic retention data. J. Chromatog. 330(2), 203-216.

94



Freeman, R. A., Schroy, J. M.(1986) Modeling the transport of 2,3,7,8-TCDD and other low volatility
chemicals in soils. Environ. Prog. 5(1), pp28-33.

Freeman, R.A., Hileman, F.D., Noble, R.W., Schroy, J.M. (1987) Experiments on the mobility of
2,3,7,8-tetrachlorodibenzo-p-dioxin at Times Beach, Missouri. In: Exner, J.H. ed., Solving Hazardous
Waste Problems, ACS Symposium Series Number 338.

Friesen,K.J., Sarna,L.P., Webster,G.R.B. (1985) Aqueous solubility of polychlorinated dibenzo-p-dioxins
determined by high-pressure liquid-chromatography. Chemosphere 14(9), 1267-1274.

Friesen,J.K., Muir,D.C.G., Webster,G.R.B. (1990a) Evidence of sensitized photolysis of polychlorinated
dibenzo-para-dioxins in natural waters under sunlight conditions. Environ. Sci. Technol. 24(11),

1739-1744.

Friesen,K.J., Vilk,J., Muir, D.C.G. (1990b) Aqueous solubilities of selected 2,3,7,8-substituted
polychlorinated dibenzofurans (PCDFs). Chemosphere 20(1-2), 27-32.

Friesen, K.J., Loewen, M.D., Foga, M.M. (1993) Environmental aquatic photodegradation of chlorinated
dibenzofurans and their photoproducts. Organohalogen Compounds 12, 135-137.

Hawker,D.W., Connell,D.W. (1988) Octanol water partition-coefficients of polychlorinated biphenyl
congeners. Environ.Sci.Technol. 22(4), 382-387.

Hembrock Heger,A. (1990) PCDD/F Levels in Soils and Plants of Northrhine Westfalia. Organohalogen
Compounds 1, 475-478.

Hulster A,Muller J.F,Marschner H (1994) Soil-plant transfer of polychlorinated dibenzo-p-dioxins and
dibenzofurans to vegetables o the cucumber family, Sci.Technol. 28(6), 1110-1115.

Jackson,D.R., Roulier,M.H., Grotta,H.M., Rust,S.W., Warner,J.S. (1986) Solubility of 2,3,7,8-TCDD in
contaminated soils. In, Chlorinated dioxins and dibenzofurans in perspective.

Rappe,C., Choudhary,G., Keith,L.H., Eds. Michigan, Lewis Publishers, Inc., 185-200.

Kannan,N., Tanabe,S., Wakimoto,T., Tatsukawa,R. (1987) A simple method for determining non-ortho
substituted PCBs in Kanechlors, Aroclors and environmental samples. Chemosphere 16(8-9), 1631-1634.

Karickhoff,S.W., D.S.Brown, T.A.Scott. (1979) Sorption of hydrophobic pollutants on natural sediments.
Water Res. 13, 241-248.

Karickhoff,S.W. (1981) Semiempirical estimation of sorption of hydrophobic pollutants on Natural
sediments and Soils. Chemosphere 10(8), 833-846.

Karlheinz Ballschmiter,Reiner Bacher. (1999)

95



Kearney,P.C., Woolson,E.A., Ellington,C.P. (1972) Persistence and Metabolism of Chlorodioxins in Soils.
Environ.Sci.Technol. 6, 1017-1019.

Koester,C.J. , Hites,R.A. (1992) Photodegradation of polychlorinated dioxins and dibenzofurans adsorbed
to fly ash., .Environ.Sci.Technol. 26(3), 502-507.

Kuehl,D.W., P.M.,Cook, A.R. Batterman, D. Lothenbach, B.C.Butterworth. (1987) Bioavailability
of polychlorinated dibenzo-p-dioxin and dibenzofurans from contaminated Wisconsin river sediment to
carp. Chemosphere 14, 807-810.

Liem A.K. (1993) Integrated Criteria Document Dioxins.Report No.710401032, RIMV, 33-35.

Mackay,D., Mascarenhas,R., Shiu,W.Y., Valvani,S.C., Yalkowsky,S.H. (1980) Aqueous solubility of
polychlorinated biphenyls. Chemosphere 9(5-8), 257-264.

Mackay D. (1991) Multimedia Environmental Fate Models, The Fugacity Approach, Lewis Publishers,
Chelsea, Mii.

Mackay, D., Shiu, W.Y., Ma, K.C. (1992a) Illustrated handbook of physical-chemical properties and
environmental fate for organic chemicals: polynuclear aromatic hydrocarbons, polychlorinated dioxins, and
dibenzofurans. Chelsea, MI: Lewis Publishers.

Mackay, D., Shiu, W.Y., Ma, K.C. (1992b) Illustrated handbook of physical-chemical properties and
environmental fate for organic chemicals: mono aromatic hydrocarbons, chlorobenzenes, and PCBs. Chelsea,
MI: Lewis Publishers.

Marple,L., Brunck,R., Throop,L. (1986a) Water solubility of 2,3,7,8- tetrachlorodibenzo -para-dioxin.
Environ.Sci.Technol. 20(2), 180-182.

Marple,L., Berridge,B., Throop,L. (1986b) Measurement of the water octanol partition-coefficient of
2,3,7,8-tetrachlorodibenzo-para-dioxin. Environ.Sci.Technol. 20(4), 397- 399.

Marple,L., Brunck,R., Berridge,B., Throop, L. (1987) Experimental and calculated physical constants for
2,3,7,8-tetrachlorodibenzo-p-dioxin. In, Solving hazardous waste problems. Exner, J.H., Eds. ACS
Symposium Series 338. Developed from a symposium sponsored by the Division of Environmental Chemistry
at the 191st meeting of the American Chemical Society, New York, New York, April 13-18, 1986. pp.
105-113.

Masunaga,S. (1999) Toward a time trend analysis of dioxin emission and exposure. Proceeding of the 2nd
International Workshop on Risk Evaluation and Management of Chemicals, 1-10.

McLachlan, M.S., Sewart, A.P., Bacon, I.R., Jones, K.C. (1996) Persistence of PCDD/Fs in a
sludge-amended soil. Environ.Sci.Technol. 30(8), 2567-2571.

96



Mill, T., Rossi,M., McMillen,D., Coville,M., Leung,D., Spang,J. (1987) Photolysis of tetrachlorodioxin and
PCBs under atmospheric conditions. Internal report prepared by SRI international for USEPA,Office of
Health and Environmental Assessment, Washington,D.C.

Muir,C.G., Yarechewski,A.L., Corbet,R.L., Webster, G.R.B., Smith, A.E. (1985) Laboratory and field
studies on the fate of 1,3,6,8 - tetrachlorodibenzo-p-dioxin in soil and sediments. J. Agric. Food Chem. 33,
518-523.

Muir,C.G., Yarechewski,A,L., (1988) Dietary accumulation of four chlorinated dioxin congeners by rainbow
trout and fathead minnow. Environ Toxicol Chem 7, 227-236.

Murphy,T.J., Pokojowczyk,J.C., Mullin,M.D. (1983) Vapor exchange of PCBs with Lake Michigan, the
atmosphere as a sink for PCBs. In, Physical Behavior of PCBs in the Great Lakes, Mackay, D., Paterson, S.,
Eisenreich, S.J., Simmons, M.S., eds. Ann Arbor Science, Ann Arbor, MI, pp. 49-58.

Murphy,T.J., Mullin, M.D., Meyer,J.A. (1987) Equilibration of polychlorinated biphenyls and toxaphene
with air and water. Environ.Sci.Technol. 21(2), 155-162.

Nauman,C. H., SchaumJ. L. (1987) Human exposure estimation for 2,3,7,8-TCDD. Chemosphere 16(8-9),
1851-1856.

Nestrick,T.J, Lamparski,L.L., Townsend,D.l. (1980) Identification of tetrachlordibenzo-p-dioxin isomers
at the 1ng level by photolytic degradation and pattern recognition techniques. Anal.Chem. 52, 1865-1874.

Odd,N.V.M , Owen,M.W. (1972) 2-layer model of mud transport in the Thames Estuary, Proceedings of
the institution of civil engineers 7517S, 175-205.

Opperhuizen,A., Sijm,DTHM. (1990) Bioaccumulation and biotransformation of polychlorinated
dibenzo-p-dioxins and dibenzofurans in fish. Environ Toxicol Chem 9,175-186.

Paustenbach, D.J., Wenning, R.J., Lau, V., Harrington, N.W., Rennix, D.K., Parsons, A.H.(1992) Recent
developments on the hazards posed by 2,3,7,8-tetrachlorobenzo-para-dioxin in soil, implications for setting

risk-based cleanup levels at residential and industrial sites. J. Toxicol. and Environ. Health 36, 103-149.

Podoll,R.T., Jaber,H.M., Mill,T. (1986) Tetrachlorodibenzodioxin - Rates of volatilization and photolysis in
the environment. Environ. Sci. Technol. 20(5), 490-492.

Pohland,A.E., Yang,G.C. (1972) Preparation and Characterization of Chlorinated Dibenzo-p-dioxins.
Journal of Agricultural and Food Chemistry 20(6), 1093-1099.

Prinn, R.G., Weiss, R.E., Miller, B.R., Huang, J., Alyea, F.N., Cunnold, D.M., Fraser, P.J., Hartley, D.E.,
Simmonds, P.G. (1995) Atmospheric trends and lifetime of CH3CCI3 and global OH concentrations. Science

269, 187-192.

Puri, R.K., Quiping, Y., Orazio, C.E., Yanders, A.F., Kapila, S., Cerlesi, S., Facchetti, S.(1992) Transport

97



and persistence of chlorinated organics in varied soil environments. Presented at: Dioxin'92, 12th
International Symposium on Chlorinated Dioxins and Related Compounds; Tampere, Finland; August 1992.

Rapaport,R.A., Eisenreich,S.J. (1984) Chromatographic determination of octanol water partition
coefficients (KOws) for 58 polychlorinated biphenyl congeners. Environ.Sci.Technol. 18(3), 163-170.

Rappe, C. (1991) Sources of human exposure to PCDDs and PCDFs. In: Gallo, M., Scheuplein, R., Van der
Heijden, K. eds. Biological basis for risk assessment of dioxins and related compounds. Banbury Report #35.
Plainview, NY: Cold Spring Harbor Laboratory Press.

Risby,T.H., Hsu,T.B., Sehnert,S.S., Bhan,P. (1990) Physiochemical parameters of individual
hexachlorobiphenyl congeners. Environ.Sci.Technol. 24(11), 1680-1687.

Rordorf,B.F. (1985) Thermodynamic and thermal - properties of polychlorinated compounds - the vapor
pressures and flow tube kinetics of 10 dibenzo-para-dioxins. Chemosphere 14(6-7), 885-892.

Rordorf,B.F. (1987) Prediction of vapor pressures, boiling points and enthalpies of fusion for 29
halogenated dibenzo-p-dioxins. Thermochimica Acta 112(1), 117-122.

Rordorf,B.F. (1989) Prediction of vapor-pressures, boiling points and enthalpies of fusion for 29
halogenated dibenzo-para-dioxins and 55 dibenzofurans by a vapor-pressure correlation method.
Chemosphere 18(1-6), 783-788.

Sakiyama,T., Fukushima,M., Nakano,T. (2001) Isomerspecific analysis of diphenyl ether herbicide(CNO)
for mono- to octa-CDDD/F at sub-ppb levels. Organohalogen Compounds 50, 103-107.

Sakurai, T., Suzuki,N., Morita,M. (2002) Examination of dioxin fluxes recorded in dated aquatic-sediment
cores in the Kanto region of Japan using multivariate data analysis. Chemosphere 46 (9-10), 1359-1365.

Sakurai,T. (2003) Dioxins in aquatic sediment and soil in the Kanto region of Japan: Major sources and
their contributions. Environ.Sci.Technol.37(14), 3133-3140.

Schulz D.E., Petrick G. und Duinker J.C. (1989) Complete Characterization of Polychlorinated Biphenyl
Congeners in  Commercial Aroclor and Clophen Mixtures by  Multidimensional Gas

Chromatography-Electron Capture Detection. Environ. Sci. Technol. 23(7), 852-859.

Schwarzenbach,R.P., Westall,J. (1981) Transport of Non-polar Organic-Compounds from Surface-Water
to Groundwater - Laboratory Sorption Studies. Environ.Sci.Technol. 15(11), 1360-1367.

Servos,M. R., Muir,D.C.G. (1989) Effect of suspended sediment concentration on the sediment to water
partition coefficient for 1,3,6,8-tetrachlorodibenzo-p-dioxin. Environ.Sci.Technol. 23, 1302-1306.

Servos, M.R., Muir, D.C.G., Webster, G.R.B. (1992) Environmental fate of polychlorinated
dibenzo-p-dioxins in lake enclosures. Can. J. Fish. Aquat. Sci. 49, 722-734.

98



Seth,R., Mackay,D., Muncke,J. (1999) Estimating the organic carbon partition coefficient and its variability
for hydrophobic chemicals. Environ. Sci. Technol. 33(14), 2390-2394.

SETAC 1995 The Multimedia Fate Model: A Vital Tool for Predicting the Fate of Chemicals, pp23.

Shiu,W.Y., Doucette,W., Gobas,F.A.P.C., Andren,A., Mackay, D. (1988) Physical-chemical properties of
chlorinated dibenzo-para-dioxins. Environ. Sci. Technol. 22(6), 651-658.

Sijm,D.T.H.M., Wever,H., de Vries,P.J., Opperhuizen, A. (1989) Octan-1-ol water partition- coefficients
of polychlorinated dibenzo-para-dioxins and dibenzofurans - experimental values determined with stirring
method. Chemosphere 19(1-6), 263- 266.

Suzuki,N., Yasuda,M., Sakurai,T., Nakanishi,J. (1996) Modeling the profile transformation of PCDDs and
PCDFs in the environment. Organohalogen Compounds 28 , 16-19.

Suzuki,N., Yasuda,M., Sakurai,T., Nakanishi,J. (1998) Model simulation of environmental profile
transformation and fate of polychlorinated dibenzo-p-dioxins and polyclorinated dibenzofurans by the
multimedia environmental fate model. Chemosphere 37(9-12), 2239-2250.

Suzuki,N., Yasuda,M., Sakurai,T., Nakanishi,J. (2000) Simulation of long-term environmental dynamics of
polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans using the dynamic multimedia
environmental fate model and its implication to the time trend analysis of dioxins. Chemosphere 40(9-11),
969-976.

U.S.EPA (1995) Great Lakes Water Quality Initiative technical support document for the procedure to
determine bioaccumulation factors.Washington, D.C., U.S. Environmental Protection Agency, Office of
Water. EPA-820-B-95-005.

U.S.EPA (2000) Draft Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin
(TCDD) and Related Compounds. Draft Exposure and Human Health Reassessment of
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds Part I: Estimating Exposure to
Dioxin-Like Compounds. Volume 3. Chapter 2.

Van der Welden,M.E.J., Craane,L.H.J., Evers,E.H.G., et al. (1989) Bioavailability of PCDDs and PCDFs
from bottom sediments and some associated biological effects in the carp (Cyprinus carpio). Chemosphere,
19, 1009-1016.

Van den Berg,M., Birnbaum,L., Bosveld,A.T.C., Brunstrom,B., Cook,P., Feeley,M., Giesy,J.P.,
Hanberg,A., Hasegawa,R., Kennedy,S.W., Kubiak,T., Larsen,J.C., van Leeuwen,F.X.R., Liem,A.K.D.,
Nolt,C., Peterson,R.E., Poellinger,L., Safe,S., Schrenk,D., Tillitt,D., Tysklind,M., Younes,M., Warn,F.,
Zacharewski,T. (1998) Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and
Wildlife. Environ. Health Perspect 106(12), 775-792.

Veith,G.D., D.L.Defoe, B.V. Bergstedt. (1979) Measuring and estimating the bioconcentration factor of
chemicals on fish. J. Fish. Res. Board Can. 36, 1040-1048.

99



Wakimoto, T., Kannan,N., Ono,M., Tatsukawa,R. (1988) Isomer- specific determination of PCDFs in
Japanese and American polychlorinated biphenyls. Chemosphere 17(4), 743-750.

Webster,G.R.B., Friesen,K.J., Sarna,L.P., Muir, D.C.G. (1985) Environmental fate modeling of
chlorodioxins - determination of physical constants. Chemosphere 14(6-7), 609-622.

Webster,G.R.B., Muldrew,D.H., Graham,J.J., Sarna, L.P., Muir, D.C.G. (1986) Dissolved organic matter
mediated aquatic transport of chlorinated dioxins. Chemosphere 15(9-12), 1379-1386.

Yamasaki,H., Kuwata,K., Miyamoto,H. (1982) Effects of ambient-temperature on aspects of airborne
polycyclic aromatic-hydrocarbons. Environ.Sci.Tecnol. 16, 189-192.

Yan, Q., Kapila, S., Sivils, L.D., Elseewi, A.A., Yanders, A.F. (1995) Polychlorinated dibenzo-p-dioxins
(PCDDs): effects of sensitizers and inhibitors on phototransformation. Organohalogen Compounds 24,
173-178.

Yanders, A.F., Orazio, C.E., Puri, R.K., Kapila, S. (1989) On translocation of 2,3,7,8-
tetrachlorodibenzo-p-dioxin: time dependent analysis at the Times Beach
experimental site. Chemosphere 19(1-6), 429-432.

Yoshida,K., Ikeda,S., Nakanishi,J. (2000) Estimation of Dioxin-Levels in Japanese by mathematical models:
Time Course from the past to the future. Proc. 3rd Int. Workshop on Risk Evaluation and Mangement of
Chemicals, Yokohama, Japan , 94-105.
(http://risk.kan.ynu.ac.jp/yoshida/rmg/ws2000/ws00yoshida.html)

Yoshida,K., Nakanishi,J. (2003) Estimation of Dioxin risk to Japanese from the past to the future.
Chemosphere 53(4), 427-436.

2001 13
http://www.env.go.jp/chemi/end/kento1302/mat05/mat05-13.pdf

2003
http://www.env.go.jp/air/report/h15-05/index.html

2003

2000 12
http://www.env.go.jp/press/press.php3?serial=2817

1997

1999 - 10
(http://www.env.go.jp/press/press.php3?serial=1908)

100



1997

2003 13
http://www.mhlw.go.jp/houdou/2003/01/h0116-1.html

2000

2002
15(5) 361-376.

1998
83-88.

, 1999
http://www.env.go.jp/chemi/dioxin/pamph/1999/index.html

2003
http://www.env.go.jp/chemi/dioxin/pamph/2003.pdf

1995 HRGC/HRMS
PCBs vol.5 No.3 647-675.
1998 23
35-40.
1999 1
2002
36 .( http://risk.kan.ynu.ac.jp/publish/naito/naito200203b.pdf)
2000 PCB 9
448-449.
2002

http://www.maff.go.jp/soshiki/syokuhin/heya/dioxin.html

1998

1990 vol.1 No.1

20-37.

2000 BPX5
vol.26 No.1 1-9.

101



2001

35 159-168.
2002 vol.13 No.5 247-254.
5 1998
1998 23
15
2000
20-21.

102





