PSP
2008.12.10
2009.1.21

PSP

PSP

(Takasuga Takumi)

1
@ SHIMADZU TECHNO-RESEARCH, Inc.



S o1 A WD

PSP

Outline

POPs

2
@ SHIMADZU TECHNO-RESEARCH, Inc.



21

PRTR

12 1 15

13 65 PCB
2001 7 15
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1970

1970 20 1980 500
3000

3000 (CAS

10

>1000 t/yr ; 5000
1 4,100 new chemicals

( )
intentional unintentional
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POPs(Persistent Organic Pollutants)

Persisitence
(Bloaccumuration)

( Potential for long-
range environmental transport)

Toxicity or adverse effects)

PCBs DDT
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HCH

HCB

PCBs

Persistent Organochlorines

m+n=1-~10

é )
Production and usage

1950 1960 1970 1980 1990

| | | I (N
>

T

(Usage restricted )

(Production started)
-

J L

( - - .
General information on organochlorines from
an environmental point of view

: : - Immunotoxicty
e 4 Endocrine disrupting effects Carcinogenicity etc|

-
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Distribution Processes of POPs
[—] Grasshopper effect

l Deposit. Evap.

Long distance
transfer

Evap. Deposit.
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POPs

Aldrin PCB Dionxins
Dieldrin Mirex HCB Furans
Endrin HCB PCB
DDT
Heptachlor
Chlordane

HCB

Mirex

Toxaphene

20
HCH, Chlordecone HBCD, HxBB
PFOS J
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POPs PCBs PAHs
POPs Persistent Organic Pollutants)

Future POPs Persistent Toxic Substances(PTS)
Persistent Bioaccumulative Toxic Chemicals (PBTS)

Brominated Flame Retardant, BFR

'PFOS
‘PFOA

POPs

PCB
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opm(mg/kg)
0pb(ng/Q)

opt(pg/g), ppa(pg/L)
opq  part-par-quadrillion (10-+°) po/kg, fg/q

2,3,7,8-TCDD 0.01pg(10fg)

GC-MS

11
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Mg 10°g (microgram)

ng 10°g (nanogram) 10 19
pg 10129 (picogram) 1 19
fg 10-1°>g (femtogram)

om part-par-million (10°) mg/kg, u g/g
ob  part-par-billion (10°)  p g/kg, ng/g
ot part-par-trillion (10-12)  ng/kg, pg/g
0q part-par-quadrillion (10-1°) pg/kg, fg/g

O O O O

12
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(PCDDs/PCDFs/CoPCBs)

Polychlorinated dibenzo-p-dioxin, PCDD Polychlorinated
dibenzofuran, PCDF 75 135
(homologue) (congeners isomers)
2,3,7,8- 17 (PCDDs 7
PCDFs10 )
PCBs
(12 ) (POPs)
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-p- (Polychlorinated dibenzo-p-dioxin,

PCDD) (Polychlorinated
dibenzofuran, PCDF) 75 135
7 2,3,7,8-
17 (PCDDs 7 ,PCDFs 10 ) PCBs(Co-

PCBs)12

/ (HRGC-HRMS)

TEQ 2,3,7,8-

PCDD/DF PCB

14
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el cwe)

4 Cl 4
X+y 8 g Xty 8 cly
PCDDs PCDFs
(Polychlorinated dibenzo-p-dioxins) (Polychlorinated dibenzofurans)
-~

CIx 5 6 66 5 Cly
X+Y 10

PCBs
Polychlorinated biphenyls
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H H
Cl 0 Clt
7.4R @ @ 6.9A
Cl o Cly
¥ < H H >
13.9A

2,3,7,8-TCDD
TEQ = ) (toxic Isomer conc. x TEF)

TEQ : Toxic Equivalent
2,3,7,8-TCDD 1
TEF : Toxic Equivalency Factor

TEQ 16
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TEF TEF
2378-TeCDD 1
12,37 8-PeCDD 1
1234.78-HXCDD 01
PCDD 1273,6.7.8-HXCDD 01
1237.8.9-HXCDD 01
12.3.4.6,7,8-HpCDD 0.01
OCDD 0.0003
2378-TeCDF 01
12,37 8-PeCDF 0.03
23.4.7.8-PeCDF 03
12.3.4.7.8-HXCDF 01
PCDF 12.3,6.7 8-HXCDF 01
12.3.7.8.9-HXCDF 01
234,67 8-HXCDF 01
12.3.4.6,7,8-HpCDF 0.01
12.3.4.7.8.9-HpCDF 0.01
OCDF 0.0003
344" 5-TeCB 0.0003
33° 44°-TeCB 0.0001
3.3°4.4” 5-PeCB 01
3.3°44° 55°-HxCB 0.03
233 44°-PeCB 0.00003
oca 2344° 5-PeCB 0.00003
23” 4.4” 5-PeCB 0.00003
2> 3.4.4” 5-PeCB 0.00003
233 44° 5-HXCB 0.00003
23344 5°-HxCB 0.00003
WHO-TEF2006 23° 44° 55°-HXCB 0.00003
233”44 55" -HpCB 0.00003

17
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1872
1949 2,4 5-T
1962-1971 2,4,5-T
1968 PCB PCDF
1970
1971 PCP
1973
1974 PCB
1976 ICMESA
1977 Dr.Olie
1978 EPA 2,45-T
2,45-T
1979 2 (Yuchen)
1980 CNP

18
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1983

1984
1985
1987
1990

1991

1994
1995

PCB

6
HRGC-HRMS
1
PCB
3 1 HRMS

14

TDI [ (tolerable)l

] 10pg/kg/day 19
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1996

1997

1998

1999
2000
2001

10
JIS K0311

1

MLAP)

9 1

K0312

TDI 5pg/kg/day

0.1ng-TEQ/m?3

9 10

12 1 15
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2001 PCB
2016 7 15

11 9 7

14 10

2007 27

PCB

PCB

12 12 22
12 12 22
13 8

14 9
14 10
15 3
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HRGC-HRMS Introduction in Japan
MS # JIS methods 150
80 _ Sep. 1999 . 4
B Micromass : 159 & Dioxin law
70 [ O JEOL : 261 New guidelines for MSW Dec. 1999 |
Thermoelectron : 38 MLAP System
60 I & |Lab. No. METI
: TDI 5pg/kg/day \ ¥
50 UTA members in 2003 Government monitoring
Micromass: 84 for MSW v
| JEOL : 88 \
40 | | Thermoelectron : 11 &
Total 183
30 Dioxin '94 Kyoto Japan . ‘
20 1 Guideline for MSW \ PN
Since now HRMS anal. \20 ( w
\ ‘ 35
) “ = B
0 |_|!|—|!|—|\M\ 4.4.—4 | | \ 4 | | 4
I e e - - -~ =~ "= S L S " G S\ B
© © O O O O O O O O O O © o o o
0 O O © © ©O© O O O ©O© O O © o o o
N2 8 2 E N Q@ £ &8 N & £ 8 E R
0] 0] I I I I I I I I I I I I I I
D O P N W N OO0 O N 0O © P PP R P PRk

JEOL 261, Waters(Micromass) 159, Thermoelectron(MAT) 38 22

fup OMIVIAULU I ECANU-RESEARLM, Inc.
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2,3-

~1.4-

3,3°
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14,000
m m T
12,000 O EFEF=ERFER B
" O BB AP
10,000 W EEFREENE e H
x o — IR 512
5,000
w 6,000
d.000 M
2,000 M
I:I 1 1 T T T
H9  HIO  HI1  HiZ  HIZ  HI4  HI5E  HIE  HI7  Hi%
=3
18 9 76
94 26
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GC-MS

QA/QC
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v'Human

v Environment

v"Method validation

v’ Instrumentation

v' Traceability

v'Sampling and method dealings

28
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1. Sampling

e
e
e

# gﬁst?f’-x*?'l""‘"'—"\‘ﬁ o
OO,

4. Fractionation

pinbij jo moj4

>

4

%

¥

A

2. Homogenization 3. Elimination of
and Extraction = OExtractants and Lipids

= O
N =3 ‘OO’ O@
o . &8

= 0
—EEEE, b
_». N\ /
5. Gas :

chromato-
graphy comb?
Ined with mass
spectrometry (GC-MS)

!

-1

Mass spectrum

]
Each component is recorded as a
peak in a chromatogram

| M T \ﬂ \ 1. Inonization and Detection
e | 2 Electric or magnetic field

Gas chromatogram

Mass ——»

G 29
Time ———» 3. Detector I\)l?’-\DZU TECHNO-RESEARCH, Inc.




PSP

850

PSP

30

3 4mm

20mg

0.607

mg
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HCL, SOx

~

g |
.y |
, i,

N

.33
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1.8L/min

)
XAD-2
«ll y
e
Furnace 1% Furnace 2" ([:
850 850 O
/ 2L/min
H,O 150ml

H,O 150ml 15uml
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JIS K 0311 (2005)

JIS K 0109 7.1 1998
JIS K 0103-7.1(2005)
JIS K 0107-7.1(2002)
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02 CO2 CO PSP

—02

02, CO2 PSP —C02 CO
" —CO pPm

25 5000

4500
20 4000
3500
15 3000
2500
10 2000
1500
1000

500

v2:91
0€9T
Sv91
00T
ST LT
0€'LT
6€ LT
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NOXx

PSP

(ppm)

100 ¢

80

60

40 |

20

NOXx
AN rn ANAANA AN NA N_A_NAN
- —J -— - -
= = = - - - -
o o I X ~ ~ ~
N w s o - w w
ESN o ol o ol o ©
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PSP

CO, NOx, CO,, O,

CO NOX CO, 0O,
(ppm) (ppm) (%) (%)
170 <5 0.7 20.0
2800 7 3.5 20.9
. <50 <5 <0.2 15.0
20 1 15
(10.29) 16:24 17:39 Co NO2 CO?2
(mg/ ) (mg/ ) 9/ )
500 <25 33

38
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PSP

HCI, SOx, HCN

HCI SOx HCN
(mg/ ) (mg/ ) (mg/ )
S0O2
20 1 15 1
PSP <0.5 <0.6 <0.2
10:34 11:59
HCI,SOx HCN
PSP  (10.2g) 16 0.494q) 15
HCI,SOx HCN

39
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PSP

PCDD/PCDF

PCDD 620pg
PCDF 570pg

2,000

1715

PSP

1,800
1,600

1,400
1,200
1,000

800

pg/PSP

600

400

200

]

[ I s B O A

TeCDFs PeCDFs HxCDFs HpCDFs

OCDF

TeCDDs PeCDDs HxCDDs HpCDDs OCDD
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PSP

26 pg-TEQ

PCDD 11pg-TEQ
PCDF 13pg-TEQ

PCB 1.9pg-TEQ

PCDD/PCDF

PSP

1715

1,400

1,200

1,000

800

OCDD
1234678-HpCDD
123789-HxCDD
123678-HxCDD
123478-HxCDD
12378-PeCDD

2378-TeCDD

OCDF
1234789-HpCDF
1234678-HpCDF
234678-HxCDF
123789-HxCDF
123678-HxCDF
123478-HxCDF
23478-PeCDF
12378-PeCDF

2378-TeCDF
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PCB
PCB PCDF
4
De novo (300
4
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PRI 3™ g 4%y 7)) -FRIK 1¢g

T T
furnace furnace
Tu—p=4§ (900°C) (300°C)
2L/min

kv 100ml+ 7K 200ml

7 N—F 4 ~ XAD-2 ftig

CO,02 =%

A
9

—» HEX

/ \ 7 u— A —X— (R ) 2L/min

xF LY a— )
| Ny P %

JNIE SRR &
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PSP 26 pg-TEQ 10g

ng/g(sample) ng-TEQ/g(sample)
25000 250
S
I
o0000 | | —PCDFs 200
EEE PCDDs
15000 | ——TEQ 150
10000 | 100
S S © ©S o
5000 | 3 2 2 3 38 50
~o © N = a K ®
a 5 L & & & &
0 O e OO OO - 0
T 5§ 2 3 2 3 m 2 8 22 2 v m s 3 2
S & O & 2 = 8 3 9 5 5 O
o = S @ 5 = O @ - T
B ® ® ® BB
) pd < Z
I
~ O i 0 O
=4 N
S 3
= with Dioxin-free fly ash B
< 3
Figure 2. Results of the formation experiment.
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1 PCDFs
I PCDDs
——TEQ

~ L T ~
(S o o o
o o o o
o S O o
N B 0
o1 ) )
N—r N N N—r

without Dioxin-free fly ash
with Dioxin-free fly ash
*:900  at Combustion zone

Presented at Dioxin’98 45
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HC

PVC

(NaCl, HCI)

CB CP

(Dioxin free fly-ash)

(
.
(300 )
Dioxin free fly-ash
(Dioxin’98
CB CP
PVC
8
9
9
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HC

Org. Cl & Inorg. CI === HCl HCI

2NaCl + S + H20 + O2 === Na2503+2HClI
MgCl2 + SiO2 + H2O === MQgO0SiO2 + 2HCI
CaCl2 + Al203 + H2O === (CaOAI203 + 2HCI

2HCI +(0) =<€m=— Cl2 + H20 <@ s
Cl2 +S0O2+H20 === 2HCI + SO03

CuClI2 === CuCl+ CI ‘Cl(radical)
FeCla3 === FeCl2+ CI

2CuCl + (O) + 2HCI == 2CuCl2 + H20
2 FeCl2 + (O)+ 2HCl === 2 FeCI3 + H20

Deacon Reaction Oxychlorination

47
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3T
3T Temp. Time Turbulence
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U 9/¢
PSP (10.29)
40900 kj/kg JIS M 8814
0.13 (%) JIS M 8812 (815 ,2hr
C 91.49(%) (99.41(%) | CHN
H 7.79 (%) CHN
N <0.1 (%) CHN
P <5 ICP
S <100
Cl 130
Ti <10 ICP
V <2 ICP
Cr <2 ICP
Fe <20 ICP
Ni <1 ICP
Cu <10 N.D. ICP
Zn 16 ICP
Zr <1 ICP
Mo <5 ICP
Sb <10 ICP 49
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M 9/9 M 9/9

PSP M g/¢ PSP M 9/9
Li N.D. 2 Sr 0.5 0.1
Be N.D. 0.05 Y N.D. 05
B N.D. 1 Zr N.D. 1
Na 5 5 Nb N.D. 10
Mg 200 0.2 Mo N.D. 2
Al N.D. 10 Pd N.D. 10
Si - - Ag N.D.
P N.D. 5 Cd N.D.
S - - Sn N.D.
K N.D. 50 Sh N.D. 20
Ca 15 05 Ba 50 1
Ti 2 1 La N.D. 2
\Y N.D. 1 Ce N.D. 10
Cr N.D. 1 Hf N.D. 5
Mn N.D. 0.2 Ta N.D. 10
Fe 10 1 W N.D. 10
Co N.D. 2 Pt N.D. 20
Ni N.D. 1 Au N.D. 2
Cu N.D. 2 Hg - -
Zn 15 05 Pb N.D. 10
As N.D. 20 Bi N.D. 10
Se N.D. 10

.“I OT T11V1

U U TLCUITINGU
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PSP C

C 91.49% C=92.3% (96/104)

PSP
C

ol
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PSP

CO, CO, C

CcCO CO,
(ppm) (%)
170 0.7
2800 3.5
PSP <50 <0.2
(10.29) CO CO2
1 o ) o )
0.5 33

PSP 91.49% CHN
PSP (-C8H8-)n C=92.3% (96/104)
CO+CO02 C

PSP (10.29) CO+C02 C

0.5x 12/28 + 33x 12/44 = 9.2(q)

PSP CO+C02 C
9.2+ (10.2x 91.49%) = 98.586 %
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GC-MS  ( )

24-Oct-2008 15:01:13
081024EI11007 TOF MS El+

10.62 TIC
-100
3.88 2.95e5

/ 6.03

T T T T T T T T T T . T }!J‘ 1
081024E11005 TOF MS El+
3.41 TIC
100 6.04e5
17.24
19.30
07— T A LA L B L R BN B U T T T U T L B B B N B ™ Time
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
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(PAHS)

PAHs

Dibenz[a,h]anthracene

Indeno[1,2,3-
c,d]pyrene

Benzo[g,h,i]perylene
Benzo[a]pyrene
Benzo[k]fluoranthene
Benzo[b]fluoranthene
Chrysene
Benz[a]anthracene
Fluoranthene

Pyrene

Phenanthrene
Anthracene

Fluorene
Acenaphthene
Acenaphthylene

Naphthalene

40,000
35,000
30,000
25,000
20,000
10,000

5,000

> 15,000

o4

PAHs
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CH=CH? @@@

Naphthalene Phenanthrene

Styrene @ @ @
‘ @@ Pyrene
Fluoranthene ©©

o0
o0y ©0

Benz[a]anthracene Chrysene

(PAHS) -
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PSP

PSP
Ti, Cr
(PAHS)
PSP PAHS PSP
PAHS
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PSP
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OH CI\ //CCIZ
¢ @ C 0o, L
Cl
PCNs PCBs

CBzs CPhs PCSs Chloro Naphthalenes Chloro Biphenyls
Chlorobenzenes Chlorophenol Chlorostyrenes

O
Cl
©—o—@ Na S 2 c @_@
Cl Cl e L= C\ @ﬁ:m Cl Cl

Cl Cl

PCDPEs
Diphenyl Ethers Tetrachloroethylene
S

oo SO

Cl Cl Cl

PCBFs
Benzofurans

PCDFs
Dibenzofurans

Chlorinated PAHSs
PCDDs PCDTs

Dibenzo-p-dioxins Dibenzothiophene D
















(900 )

Cl Na
() ()
15 12
(n=1/2)  0.98/ 0.55 /
0.98 0.55
3000u g/g
HC 300pm

HCI

(900 ) HCI

HCI
(1 9/9) ()

86900 56

3045/ 30/29

2958
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100000

10000

1000

700

o 11 (Cl:6.8%)
. - - 22.5%) (Cl 15%)
—A— ( 1.6%) (C1:0.98%)2




PRIEAS

B RZER - 7 v 3—F 4k XAD-2 fitfis
P . ﬁ{ = \{ N C0,02 &=%#
([
furnace furnace O
a4 (900°C) (900°C) Il P R
2L/min / / \
KL 100ml+ 7K 200ml SoF LY ae
rv=xz
AT T -TIK A ; f5 7%
D PRimer I S
A L))
I :D - /\
-—)\_I P
\
] X
JLRIX — 5
furnace furnace
(900°C) (300°C) \ ¢
B AT 7 -FEIK
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12 10

6 308 1 3
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13
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28

http.//www.k-erc.pref kanagawa.jp/center/gakkai/kensi4.ntm

( 16 6 2 )
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1/5 1720

(10)
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(10)

, (23)

MW=284.49
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ISO/IEC17025 JIS Q 17025

1SO/9001

MLAP

ISO/IEC

JCLA

MLAP

43-1

12

14 6 25

4001

19 20

Orebro




ISO/IEC 17025

14 4 18 4
ISO/IEC 17025 JIS Q 17025

: JCLA24




, PCB, POPs, PBDE, PBB, PCN, PAH,

CBz, CPh, Br-DXN

Analysis Log GC

Fax

GC-MS Run Name GC-
GC-MS GC-MS

D




