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Content of this presentation

Behavior of dioxins, especially in air, based on detailed
congener-specific information.

Development of source identification method based on
congener-specific information.

Mass balance of dioxins in Tokyo Bay basin.



Dioxin congeners
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Environmental behavior of dioxins
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Dioxin homologue profiles
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Results of congener-specific analysis

Isomer profiles of air, atmospheric deposition and urban soil are
all very similar, and probably representing average profile of
combustion sources.

Homologue profiles of different environmental media are different.

Isomer profiles must be used for discussion of pollution sources.



Atmospheric processes of dioxins
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Effect of temperature on gas-particle partition

Ratio of particulate fraction
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Particle size distribution for each homologue
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Dry deposition rate

Dry deposition flux =V, C, + V, C,
V,: deposition rate of particulate phase dioxin
V,: deposition rate of gas phase dioxin
C,: particulate phase dioxin concentration
C,: gas phase dioxin concentration
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Wet deposition rate

Concentration in rain =W, C,+ W, C,
W,: washout ratio for particulate phase dioxin
W,: washout ratio for gas phase dioxin
C,: particulate phase dioxin concentration
C,. gas phase dioxin concentration
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Simple simulation model of dioxins in Kanto region
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Fate of dioxins Iin the air
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Relationship between emission, aerial concentration
and deposition
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Source identification using dioxin congener-specific
iInformation

Analytical procedure
1. Principal component analysis

2. Interpretation of extracted principal components
3. Obtaining congener profiles of identified sources
4. Estimation of contributions from various sources




Principal component analysis of Tokyo Bay basin samples
- All congeners -

23
Contribution | Cumulative Characteristic congeners Interpretation
Contribution (factor loading > 0.7)
most of T,CDFs, half of Combusti
PC1 0.50 0.50 P.CDDs, most of P,CDFs, some | ~0Moustion
of H,CDDs, most of H,CDFs
most of H,CDDs, some of Penta-
PC 2 0.25 0.75 H.CDFs and all of H,CDDs, chlorophenol
most of H,.CDFs, O;CDD, O;CDF (PCP)
some of T,CDDs and PsCDDs, Chloro-
PC 3 0.18 0.92 especially 1368 & 1379-T,CDDs nitrophen
and P,CDDs; 2468-T4CDF (CNP)
(12479-, 12349-, & 12389- Unknown
PC 4 0.021 0.94 P.CDFs)*
PC5| 0.016 0.96 (1289-T,CDF)* Unknown

* Factor loadings were between 0.3 and 0.7. ( 0.3 0.7




PC2 (PCP)

Principal component plot of PCA with all congeners

1 1
oo é vl A A
0.8 v 0.8 5
VA v |
|
0.6 —¥ —~ 0.6 '
A L % |y
| ' 'wzx%. O - ' v | a
0.4 4 a | A W —~ 0.4 oo A I ‘a
oy | \ VAA 8 g.. / v VVA \4 . e
0.2 '%,Aféf 02 > s
AAVVA A A KA
0 o 0 Y
02 L= 0.2
-0.2 O 0.2 04 0.6 0.8 1 -0.2 O 0.2 04 0.6 0.8 1
PC1 (Combustion) PC1 (Combustion)

' TACDD » P5CDD v H6CDD © H7CDD e OCDD/F
' TACDF *» P5CDF Y H6CDF © H7CDF




PC2 (PCP)

Principal component plot of PCA with all congeners
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PC2 (PCP)

Principal component plot of PCA with all congeners
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PC2 (PCP)

Principal component plot of PCA with all congeners
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Principal component analysis of Tokyo Bay basin samples
- All congeners -

23
Contribution | Cumulative Characteristic congeners Interpretation
Contribution (factor loading > 0.7)
most of T,CDFs, half of PsCDDs, Combusti
PC1 0.50 0.50 most of P,CDFs, some of SISt ST
H.CDDs, most of H,CDFs
most of H,CDDs, some of Penta-
PC 2 0.25 0.75 H:CDFs and all of H,CDDs, most | chlorophenol
of H,CDFs, O;CDD, O,CDF (PCP)
some of T,CDDs and PsCDDs, Chloro-
PC3 0.18 0.92 especially 1368 & 1379-T,CDDs nitrophen
and PsCDDs; 2468-T4CDF (CNP)
(12479-, 12349-, & 12389- Unknown
PC4 0.021 0.94 P.CDFs)
PC5| 0016 0.96 (1289-T,CDF) Unknown

* Factor loadings were between 0.3 and 0.7. ( 0.3 0.7




Principal component analysis of Tokyo Bay basin samples

- 2,3,7,8-chlorine-substituted congeners -

2,3,7,8-
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PC2 (PCP)

2378-congeners in PCA plot with all congeners
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Principal component analysis of Tokyo Bay basin samples
- 2,3,7,8-congeners + homologue profile -

2,3,7,8-

Contribution

Cumulative
Contribution

Characteristic congeners
(factor loading > 0.7)

Interpretation

O,CDD, O,CDF, H,CDD, H,CDFs,

HS L Yias Uit some H,CDDs and some H,CDFs PCFP

PC 2 0.40 0.85 Most of T,CDFs, PsCDFs and Combustion
H.,CDFs

PC3 011 0.96 non-2378-T,CDDs and CNP

non-2378-P-CDDs




L] CNP

B pcp

All congeners

P epregrar || 1) I

0.62

e

e

e o Nl

PR WP SN N

0.54

-—

] Combustion

B Core 1991-93

P -mﬂ*.._4mm._..-|_.|._._. Alinli

N

Mot

0.25
0.2
0.15
0.1
0.05

Input data for estimating source contributions

0.2

0.15
0.1

0.05

0.28¢

©
N
o
=
(2]
©
N
N
-
=
0
~
=

[s2]
N
o
~
(o]
©o
<
N
L
-
[o9)
O
=5

PCDF congeners

BLYT/L9VT/89¢C

WCT/6LET/BVET/L

PCDD congeners

BECT/LECT
pOCT/9ECT/VEET
b/CT
PT/89CT/6VCT/9¢
T/8LET/BYCT/L

bOET
b/ET
BOET




H,CDFs
& O8CDF
NP

8.VECT

/9VECT

[

Isomers

] Combustion

HGCDFS
B Core 199293

8€CT

00 - 00
OO~
mnSm
NN
—A N

L9ECT/GIVE

~ N~
o<
Om
NN
A

LYECTILIVECT

~ I~ 00
©w©©
SIS
HONN
A

L9VCT/8LIVET
oreECT

PsCDFs

wo | W LB YLy lLL!.ILL! II
53R 8
< S o
(selse]
AN AN
—

o<
M
[\elyV]
N

9CT/68VCT/8.LY
LECT/8L9CT

~

<N ©
m;mm
ANANN
A

€CT/69VCT/891

N~ O
< <t
N ™M
i

LIVT/6LVET
OVET/B8LYCT/8Y

OrCT/89VET

PCDF congeners

~
[(=]
(32]
-
~

T,CDFs

maraA il

8¢CT

9CT/L9VE
9e¢
LYEC[BLEC/IBYE
VET/LOCT

L2T
/9ECT/BECT/L9t
9€¢/LECTI69E
LVT/L9VT/89¢C
T/6LET/BVET/L
T/8LET/LVET/LL

©OO (2]
(2RSS N
=N -

|

S
& O8CDD

Ll

H.CDD
H,CDDs

L9VECT
L9VECT

8LECT/LIVEC
/9ECT

/VECT

rECT
89ECT/6L9€ECT
OrECT
89YCT/6/9VCT

PsCDDs

el

L]

.I_n_n PR Y
ek b

& pcp

el
R T T 1

T,CDDs

h

I
|

0

PCDD congeners

1 8¢T
1 9T
/CT
T
/EC
E €CT/LECT
c 9CT/9ECT/VEAT
/CT
E 8AT/89¢T/617CT/9
C 69y T/8LET/8VCT/L
9ET
/ET
OCT

0

Input data for estimating source contributions

08

0.6
08

0.8
0.6
0.4
0.2
0.4
0.2
0.6
0.4
0.2
0.8
0.6
0.4
0.2



Each
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TEQ

pg TEQ/g dry sediment
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Result of source apportioning in term of TEQ
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Application of source apportioning method

Time trend of dioxin pollution in Tokyo Bay basin




Estimated annual PCP-dioxin load and
sediment dioxin concentration in Tokyo Bay basin
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Estimated annual CNP-dioxin load and

sediment dioxin concentration in Tokyo Bay basin

CNP
CNP load CNP-dioxin concentration (ng/g or pgTEQ/Q)
12
1500
TEQload (glyean) | CNP-Dioxin
PCDD/DFs load (kg/year) L 10
PCDD/DFs load (kgly)
I
1000 + | WHO-TEQ Load (g/y) 8
[ )
PQDD/DFS in PCDD/FSTEQ { 6
sediment (ng/g) PCDD/DFs in sed. (ng/)
e —
500 + | WHO-TEQ in sediment - 4
(PgTEQ/) ‘
Qe
1 “ ‘ | | H' TEQ in.sediment "g?g)

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995




Trend of dioxins from different sources in sediment
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< Mass balance of dioxins in Tokyo Bay basin
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Mass balance of dioxins in Tokyo Bay basin (1951-95)

1951-1995
Input to the ;
. P [ | .
basin PCP . . S e PCP stlon
11,000 kg 9 382 kg 12,000 g 0 g o
R :
/\ / \ \ : \
Remaining in soll ,/ \ :
of the basin RCP ] ; pcp il
A kg CNP } 3100 Og
960 kg :
Lost from soil of — &P ‘
i ' PCP P
the basin 7,800 kg ‘kg ; 8.700 g .Og
Deposited in ’ _’/ ! : '/ O
sediment of the bay pcp CNP Combustion PCP CNP Combustion
760 kg 140 kg 150 kg E 1,200 g 659 950 g
(9.7%) (2.5%) (40%) . (14%) (0.65%) (23%)
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Summary

Major outcomes of this dioxin case study
1. Source identification method

2. Source apportioning method
3. Parameters for atmospheric behavior



