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H28- - -010

29
D (PCDD/PCDFs  Co-PCBs)
50 kg 0.65 0.21 1.77 pg
TEQ/kg bw/day 10 9
4 pg TEQ/Kg bw/day 16% 1.77 pg
TEQ/kg bw/day 2.7 44%
TD PCBs PCBs
364 ng/person/day 50 kg 7.3 ng/kg bw/day
TDI 0.15% PCBs NDL-PCBs
336 ng/person/day NDL-PCBs 6 121 ng/person/day
GC-MS/MS 509
PCDD/PCDFs 0.010 0.069pg/g 0.035 0.23pg/g Co-PCBs 0.0053 0.34pg/g 0.018
1.1 pg/g + 25D
(D) ( )
( ) 17 ( ave.)
ave. :17.8 pg/man/day :10.0 pg/man/day 1179 pg/man/day
:62.5 pg/man/day ave. 232 pg/man/day 21.9
ug/man/day ave. 7.2 pg/man/day 6.1 pg/man/day
2016 10 1 4 (D)
10
6 D 10
D ave. Dec 602 3,600 pg/man/day Dec 603 150
pg/man/day Dec 604 21 pg/man/day syn-DP 990 pg/man/day anti-DP 2,300 pg/man/day CP 61 pg/man/day
Dechlorane 410 pg/man/day 7
ae. 1,600 pg/man/day PFCs
LC-MSIMS 0.1 ng/g 10
g 100 pL
Presep PFC-
PCDDs PCDFs Co-PCBs WH02006
9.26 pg-TEQ/g-fat 25 7.3 9.78 pg-TEQ/g-fat
MOE 2017




PCB

DXNs

DXNs

DXNs
DXNs

DXNs



10

14

O© 00 N O ol A WO DN B

L o =
2 W N PR O

9

TD

11

TD

14

12 14

9

10

120

11
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23 25

WHO TEF

PCDDs 7 PCDFs 10 Co-PCBs

12 29
LOD
1-3,5-13 4 14

PCDDs (pg/9) (p9/9) (pg/L)
2,3,7,8-TCDD 0.01 0.05 0.1
1,2,3,7,8-PeCDD 0.01 0.05 0.1
1,2,3,4,7,8-HxCDD 0.02 0.1 0.2
1,2,3,6,7,8-HxCDD 0.02 0.1 0.2
1,2,3,7,8,9-HxCDD 0.02 0.1 0.2
1,2,3,4,6,7,8-HpCDD 0.02 0.1 0.2
1,2,3,4,6,7,8,9-0CDD 0.05 0.2 0.5
PCDFs
2,3,7,8-TCDF 0.01 0.05 0.1
1,2,3,7,8-PeCDF 0.01 0.05 0.1
2,3,4,7,8-PeCDF 0.01 0.05 0.1
1,2,3,4,7,8-HxCDF 0.02 0.1 0.2
1,2,3,6,7,8-HXCDF 0.02 0.1 0.2
1,2,3,7,8,9-HXCDF 0.02 0.1 0.2
2,3,4,6,7,8-HXCDF 0.02 0.1 0.2
1,2,3,4,6,7,8-HpCDF 0.02 0.1 0.2
1,2,3,4,7,8,9-HpCDF 0.02 0.1 0.2
1,2,3,4,6,7,8,9-0CDF 0.05 0.2 0.5
Co-PCBs
3,3%,4,4"-TCB(#77) .1 0.5 1
3,4,4" ,5-TCB(#81) .1 05 1
3,3",4,4" ,5-PeCB(#126) .1 05 1
3,3",4,4",5,5"-HxCB(#169) .1 0.5 1
2,3,3%,4,47-PeCB(#105) 5 10
2,3,4,4" ,5-PeCB(#114) 5 10
2,3",4,4" ,5-PeCB(#118) 5 10
2°,3,4,47 ,5-PeCB(#123) 5 10
2,3,3%,4,47 ,5-HxCB(#156) 5 10
2,3,3%,4,47 ,5"-HXCB(#157) 5 10
2,3",4,4",5,5"-HxCB(#167) 5 10
2,3,3%,4,47 ,5,5"-HpCB(#189) 5 10

-3.




20 2

11
SP-2331 DB-17 HT8-PCB
GC
SP-2331
GC BPX-
DXN RH-12ms
1 2 11
-4,
pg TEQ/kg bw/day TEQ
2005 TEF
LOD
ND=0 Global Environment
Monitoring System GEMS LOD
ND=LOD/2
ND
60%
10 11
ND=LOD/2
ND=0
1. PCBs
-1. TD
PCBs
TD 10
23 25
1

PCBs
10 11

-2. PCBs

-2-1.

TPCB-LCS-A500

TPCB-IS-A-STK
PCBs
TPCB-CVS-A
209 M-
1668A-1-0.01X M-1668A-2-0.01X M-1668A-
3-0.01X M-1668A-4-0.01X M-1668A-5-0.01X

(PCB )
( )
()
15 mm 9.5
cm 29
0.9g 44% 3.0¢g
09¢ 29
15 mm 30
cm 29
15¢ 29
GC ()

HT8-PCB



-2-2.
GC: 7890B GC System (Agilent Technologies)
MS: Mstation JMS-700 ( () )
-2-3.
20g
40 pL 1
mol/L 100
mL 16
100 mL 100 mL 10
70 mL
2 2%
100 mL
10mL 2
2 mL
100
mL
50 mL
2 mL
100 mL 20% v/v
100 mL
100 pL
GC/MS
-2-4. GC/MS
HT8-PCB () ) 0.25
mmx 60 m
280
2.0 uL
100 (1 )-20 / -180 -
2 / -260 -5 / -300 (22 )

( :1.0n/ )
MS 300

300
El
38 eV

600 pA

m/z 188.0393 ,
m/z 222.0003 ,
m/z 255.9613 ,
m/z 289.9224 ,
m/z 323.8834 ,
m/z 359.8415 ,
m/z 393.8025 ,
m/z 427.7636 ,
m/z 461.7246 ,

m/z 497.6826 ,
MoCB

m/z 200.0795 ,
DiCBs

m/z 234.0406 ,
TrCBs

m/z 268.0016 ,
TeCBs

m/z 301.9626 ,
PeCBs

m/z 335.9237 ,
HxCBs

m/z 371.8817 ,
HpCBs

m/z 405.8428 ,
OcCBs

m/z 439.8038 ,
NoCBs

m/z 473.7648 ,
DeCB

m/z 509.7229 ,

10.0 kv
10,000

-2-5.

MoCBs

m/z 190.0364

DiCBs
m/z 223.9974
TrCBs

m/z 257.9587

TeCBs

m/z 291.9195

PeCBs

m/z 325.8805

HxCBs

m/z 361.8386

HpCBs

m/z 395.7996

OcCBs

m/z 429.7606
NoCBs

m/z 463.7216
DeCB

m/z 499.6797

m/z 202.0766

m/z 236.0376

m/z 269.9986

m/z 303.9597

m/z 337.9207

m/z 373.8788

m/z 407.8398

m/z 441.8008

m/z 475.7619

m/z 511.7199



18
RRF
RRFss
RRF RRFss
-2-6.
SN
SIN
LOD
-2-7.
RRFss

6 3
RRF
15%
5
GC/MS S/N=3
LOD S/N=10
LOQ
PCBs
PCBs
LOD LOQ
5
3 LOD 10 LOQ
LOQ
3
RRF RRFss
RRF
+ 15%
RRF RRFss
PCBs
PCBs

PCBs 209

PCBs

-2-8. PCBs
PCBs PCBs 209
NDL-PCBs Co-PCBs 12
PCBs Co-
PCBs PCB 105 NDL-PCBs
PCB 127 GC
PCB 127
PCB 105
6PCBs PCB 28, 52, 101, 138, 153, 180
PCB52 PCB69 GC
PCB
69
PCB 52
-2-9 PCBs
TD
PCBs
TD LOD
ND=0 25
GC/MS PCBs
LOD
LOD
PCBs
25 ND
LOD 1/2 PCBs
ND=0
PCBs %
-1. 1D
( )
TD MB



D) (iAs)

10
0 2017 5 10
14 B
23 25 (AD) (Cr) (Co)
(Ni) (total As)
(Se) (Mo)
(Cd) (Sn) (Sh)
(8a)  (Pb) V)
-3.
0
(
1 D )
2013 2017 5
14 -1.
1 2 -1-1.
4 5
6- 7 2016 10
9 MB 0
11 - 12 ™
13 - 14
. -1-2.
Dechlorane( 13C- )
Dec 602(13C- )
Cambridge Isotope CP DP
Wellington Laboratories Dec
602 Dec603 Dec604
Santa Druz
(total Hg) (2
13C12-2,2 344 55 -
(Vetg) heptabromodiphenyl ether(13C-PBDE180)



-1-3.

PCB
Waters
Sep-pak Vac RC (500 mg)
Supelco Supelclean Sulfoxide
(30 0.991 1.397
mm
-2.
-2-1.
(HRGC/HRMS)
HRGC/HRMS GC AgilentA7890 MS
Waters AutoSpec Premier 3
SIM
m/z
m/z
-2-2.
(ASE) Thermofisher Scientific
ASE-350
100 1500 ps
7 10
2
-3.
450 4
TD ( 4 ) 10g

(13C10-Dechlorane  13C10-Dec 602 13C10-
anti-DP 13C10-syn-DP  250pg )

50 % /

(13C-PBDE180 500 pg

)

50 uL
1 uL
HRGC/HRMS 4 D
59
V.GC-MS/MS
V-1.
WMF-01
V-2.
NK-
LCS-AD MBP-MXF MBP-MXK
NK-SS-
F MBP-79-500 PCDD/PCDFs
NK-ST-B4
PCDD/PCDFs NK-ST-B4 NK-LCS-
AD NK-SS-F
Co-PCBs
FAT-CS1 CS5



(PCB )

cm
39
459 22%
0.9g 10%
0.9g¢

GC
17

HT8 ()
V-3.

15 mm 30
0.9 g 2%KOH
0.9¢g 44%
69
39
69
15 mm 30cm
29 15
29
DB-5ms Ul DB-
GM200

GC-MS/MS: Agilent  Hewlett-Packard

7890A/7000B
V-4 GC-MS/MS

V-4-1.

1
50¢ 2
9
BC PCDD/F 100 pg
OCDD/F 200 pg PCB
100 pg PCB 2.5ng
2mol/L 200 mL
16
150
mL 100 mL 10
70 mL 2

2%

150 mL

10mL 2
2 mL
200 mL
200 mL
2 mL
150 mL 2% v/v
200 mL PCBs
60% v/v
200 mL  PCDD/PCDFs
PCBs
PCBs
500u L BC 2.5ng GC-MS/MS
PCDD/PCDFs PCBs
10
25% v/v 80
mL
80mL PCDD/PCDFs
PCBs
20u L “C 100 pg
GC-MS/MS
V-4-2. GC-MS/MS
GC

2,3,78 TCDD 1,2,3,7,8 PeCDD 1,2,3,7,8
PeCDF 1,2,3,4,7,8 HxCDF 1,2,3,6,7,8
HxCDF
DB-5ms Ul
0.25u m

0.25 mmx 60 m

250
3.0 uL



120 (2
)-3 / -300

)-25 /
(12 )

( :12mL/ )
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
ocbb 2,3,7,8 TCDF 2,3,4,7,8 PeCDF
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

2250 (5

DB-17 0.25mmx 60 m 0.25
gm
250
3.0 pL
130 (2 )-30 / -200 -3
/ -280 (30 )
( :15mL/ )
Co-PCBs
HT8 0.22 mmx 50 m 0.25
gm
260
3.0 pL
130 (1 )-15 / -220 (5
-2 / -300 (1 )
( :1.0mL/ )
MS/MS
El 70 eV
280
280 150
MRM
PCDD/PCDFs Co-PCBs MRM
V-4-3.

10

5 3
15
2
RRF
RRFss
RRF 10%
RRFss 20%
V-4-4,
GC-
MS/MS 10
o 30
LOD 10c LOQ
6
3 LOD 10
LOQ
LOD LOQ
V-4-5,
3
RRF RRFss
RRF
RRFss RRF + 10%
RRFss + 20%
RRF RRFss
PCBs
V-5. GC/MS
GC GC-MS/MS



Vi-1

PFBA PFPeA PFHXA
PFHpA PFOA PFNA PFDA PFUdA PFDOA
PFTrDA PFTeDA PFHxS PFOS
1000 pg/mL  ppm
PFBS PFHpS ipPFNS PFDS PFDoS
NaDONA F-53
ipPFNA

50 ppm
45 ppm

100 ng/mL  ppb

CF15RN
2010 Geno/Grinder
Presep® PFC- 60 mg/3
Waters Acquity H Class MS
Xevo TQD

SPEC

LC
Waters

mL

, 20 mM

(B)
5/95(20 min)

(A)/

min)

,A/IB  80/20 (2

GL
(2.1x 100 mm,
0.2mL/min

Inertsil C8-4HP
40

MS
ESI
Capillary voltage: 2.0 kV

11

Extractor voltage: 3V

RF lens voltage: 2.5V

Source temperature: 150°C

Desolvation temperature: 400°C
Cone/desolvation gas flows: 50/800 L/hr
M S/daughter scan ranges. m/z 50 to 1200
Cone voltage: 15-50V

Coallision energy: 15-50 eV

VI-2 PFCs
109
1% 15mL
5mL 2010 Geno/Grinder 1600 rpm
15
50 ppb
100 uL 30
12000
rom 20
3
3
mL 0.5%
20 mL
Presep® PFC-
5mL 0.5%
5mL
5mL 1%

/ 50/50, v/v. 100 pL
LC-MS/MS



1
1
22
1
-1
-2.
PCDD7
PCDF10 Co-PCB12 1
1
2006 WHO
1G 3614
pg-TEQ/g-fat
0
PCDDs 7 + PCDFs
10 + Co-PCBs 12
278
PCDDs 7 PCDFs 10 Co- 6
PCBs 12 GC/IMS
19

( )

12

22
23
28
227 7 14 381
15 19 288 20
12 3 x4
3 27
1619 3419 2539
13 1
7-14 15-19
13



ND=0
10 25 PCDD/PCDFs Co-PCBs
424 10
384 TEF 1 3
10 11
WH02005 ND 41

0 #2 #3
-3 PCDD/PCDFs Co-PCBs

#1 #2 #3
30
I-1 PCDD/PCDFs
3 PCDD/PCDFs 10.61
30 2.88 52.04 pg TEQ/person/day
10 50 kg
kg
0.21 0.06 1.04 pgTEQ/kgbw/day
28 0.18 0.06
0.48 pg TEQ/kg bw/day

11 #3
PCDD/PCDFs

3 26 28
11 PCDD/PCDF

11

16.0 k
J PCDD/PCDFs

36.5 kg 56.5 kg

PCDD/PCDFs
20000 10 69.8% 11
28.9% 2
98.7%
|2 Co-PCBs
(Suite) Co-PCBs 21.91

Oracle Crystal Ball

13



7.59 46.85 pg TEQ/person/day
0.44 0.15 0.94
pg TEQ/kg bw/day 28

0.36 0.13 0.95 pg TEQ/kg bw/day

Co-PCBs
10 30 pg

TEQ/person/day

Co-PCBs
10 96.6%
3.39% 2

11

99.9%
-3
PCDD/PCDFs

Co-PCBs

32.52
10.47 88.37 pg TEQ/person/day
0.65 0.21 1.77

pg TEQ/kg bw/day
TDI 4 pg TEQ/kg bw/day
TDlI  44% 28
0.54 0.19 1.42 pg TEQ/kg

bw/day 2

16%

10 87.8%
11.7% 2

11
99.6%

Co-PCBs
28

67% 27

72% 67%

10 11 3

1.2 6.9
28

14

1.5 4.6
28

Il PCBs

-1 PCBs

10 10 11
PCBs
PCBs
PCBs

PCBs

10
148 551 ng/person/day
348
11
7 29 ng/person/day
16 ng/person/day
PCBs

ng/person/day
PCBs

10
154 499 ng/person/day 11
11 45 ng/person/day
PCBs

PCBs

10 11 TD
PCBs
81%
KC KC-400
KC-500 KC-600 4 7

PCBs 10 11

11

PCBs 1 3 10

10 11 PCBs
PCBs
ng/person/day

364 ng/person/day

PCBs

155 577

357 ng/person/day
PCBs
PCBs TDI

5 pg/kg bw/day



PCBs 364
ng/person/day 50 kg
7.3 ng/kg bw/day
TDI 0.15%
-2 NDL-PCBs
TD NDL-PCBs
NDL-PCBs
6 PCBs
10
NDL-PCBs 135 512 ng/person/day
321
ng/person/day 11 NDL-
PCBs 6.1 25 ng/person/day
15 ng/person/day
10 11
NDL-PCBs 141 535
ng/person/day
336 ng/person/day 10 11
PCBs 364
ng/person/day NDL-PCBs
PCBs 92%
NDL-PCBs
6PCBs 10 48 183
ng/person/day
115 ng/person/day 11
2.5 11 ng/person/day
5.9 ng/person/day
10 11
6PCBs 51 192 ng/person/day
121 ng/person/day
EFSA
6PCBs NDL-
PCBs 50%
6PCBs 100%
10 34
38% 11 33 45%
50%
NDL-PCBs
PCBs PCBs

15

MB 10 0
D
( )
( ave.)
(LOD)
1
1/2L0D
ND ND=0
[1-2
2017 14 TD
( )
10

B:1248 1648 pg/man/day Al:1302 6199
ug/man/day Ni:82.9 292 ug/man/day
Se:81.6 105 upg/man/day Cd:10.6 28.9



pug/man/day Sb:0.4 1.4 pg/man/day
Ba:345 542 pg/man/day Pb:2.7 48.7
pg/man/day U:0.39 2.4 pg/man/day
total As:134 473 pg/man/day total
iAs:13.3 52.9 pg/man/day Sn:0.3 1021
pg/man/day Cr:10.0 357 ug/man/day
Co:5.6 19 pg/man/day Mo:190 261
pug/man/day Hg:4.4 11.4 pg/man/day
16

ave.

) (B Al Ni

Se Cd Sbh Ba U) (total
As 1As total Hg Pb Sn Cr Co Mo)

2 ave.

B-1432

Al:2735 pg/man/day Ni:150
Se:92.0 ug/man/day Cd:17.8
Sb: 0.78 pg/man/day Ba:430
pug/man/day U: 1.17 pg/man/day total
As:232 ug/man/day
total Hg:7.2 pg/man/day Pb:10.0

ug/man/day
ug/man/day
ug/man/day

i1As:21.9 pg/man/day

pug/man/day Sn:179 pg/man/day Cr:62.5
ug/man/day Co: 9.4 ug/man/day Mo:218
ug/man/day

10 11 TD
2017

10 3.0 9.2 pg/man/day

ave.

6.1 ng/man/day

-3
2013
3
(TDS n=10 11) TDS
TDS
5
5
2017
4 2013
4
2017
36

16

2015

0



3000 18
F 2 D
0.1 mg/kg 2
D
D
2
D
Codex Cereal grain
mg/kg
D
8
8
2017
6

2017

0.2

0

17

2013

ave.

4 ae. O
(2013-2017 )
B:1424 pg/man/day Se:91 pg/man/day
Ba:455 pg/man/day Mo:214 pg/man/day

ave. (

")
Al:3203+3552 pg/man/day(111%) Ni:147+40
pg/man/day (27%) Cd:18+5 pg/man/day (29%)
Sh:1+2  pg/man/day  (139%) Pb:10+9
ug/man/day (90%) U:1.1+0.5 pg/man/day
(46%) total As:224+76 ug/man/day (34%)
1As:18+7 pg/man/day (37%)  Sn:157+328
ug/man/day (208%) Cr:34+48 pg/man/day
(143%) Co:9+3 pug/man/day (30%) total
Hg:8+3 upg/man/day  (39%) MeHg:6+3
ug/man/day (47%)



2016 2017

3
2016 2017
D)
1
2016 2017  TDS
D)
2017
2
DS
1 2 D
D)
-4
2 D)
( )
2013
2015 3 -5
2016 2017 DI
)
(1D1)

2017 ave.

( I ) 4
we.  TDI  75%

3

18



TDI
TD1
40%
TDI 30%
TDI 19% 2016
(18%)
TD1
TDI 10% 2013 4
2010 JECFA
TD1
2013 4 0.5%
-6
30
2017
30
1 ( )
1990

2015
Dec 602 0.05 pg
Dec 603 0.06 pg Dec 604 0.8 pg syn-
DP 0.2 pg anti-DP 0.2 pg CP  0.03
pg Dechlorane 0.03 pg
Dec 602
syn-DP anti-DP
0.094 pg/g 0.96
pg/g 3.7 pg/yg
0.18 pg/g 1.0 pg/g 2.6 pg/g
Dec 603 Dec 604 CP Dechlorane
2016
2016
Dec 602 0.035 pg/g

syn-DP  anti-DP
13 pg/g 56 pg/g
DPs

DPs

ASE

DPs

GC/MS

19



DPs GC/MS
DPs
DPs
DPs
DPs
-2. TD
2016 10 TD
10
TD
( /
)
TD

Dec 602 ND 63
pg/g Dec 603 ND 1.3 pg/g Dec 604
ND 1.4 pg/g syn-DP ND 10 pg/g
anti-bP 0 36 pg/g CP ND 0.83

pg/g Dechlorane ND 7.4 pg/g
Dec 602 syn-DP anti-DP Dechlorane

TD
Dec 602
6 10 11
10 6
Dec 602
( 2.9 pg/g 0.82
pg/g 0.047 pg/g 19

P9/9)
syn-DP anti-DP 6 10

20

11
Dechlorane
1 2
Dec 603
6 7 8 9
Dec 604 CP

10 D

ND ND =0
10

Dec 602 2,700 4,900
pg/man/day Dec 603 45 400
pg/man/day Dec 604 0 180
pg/man/day syn-DP 300 2,000
pg/man/day anti-DP 1,100 3,700
pg/man/day CP 0 340 pg/man/day
Dechlorane 260 900 pg/man/day 7

ave.

ave.

Dec 602 3,600 pg/man/day
Dec 603 150 pg/man/day Dec 604 21
pg/man/day syn-DP 990 pg/man/day anti-
DP 2,300 pg/man/day CP 61 pg/man/day

Dechlorane 410 pg/man/day
ae. 7,600
pg/man/day
DPs



11,200 pg/man/day 4,800
pg/man/day 5,370 pg/man/day
DPs
syn-DP  anti-DP 3,290
pg/man/day DP
1/3
0

HBCD 120,000
pg/man/day PBDEs 110,000 pg/man/day
(DBDPE) 560

pg/man/day
(HxBBs) 240 pg/man/day
ave. HBCD
PBDEs HxBBs  DBDPE
D
D
.GC-MS/MS
V-1 LODs
LOQs
50 ¢ LODs LOQs
3 PCDD/PCDFs LODs

0.010 0.069 pg/g LOQs 0.035 0.23 pg/g
Co-PCBs LODs 0.0053 0.34

21

pg/g LOQs

0.018 1.1 pg/g

PCB 77
PCB 81 PCB 77 LOD
LOQ
LODs LOQs
LODs
LODs
PCDD/PCDFs 2,3,7,8 TCDF
PCDD/PCDFs LODs
2
Co-PCBs
V-
GC-MS/MS
LOQs
+ 2SD
LOQs
+ 2SD
LOQs
+ 20%
3 GC-MS/MS
GC/MS
GC-MS/MS LOQs
GC/MS
+ 20%



Co-PCBs #123
GC-MS/MS
GC/MS 1.7
#123
GC OASIS-HLB
PFCs
Pr PFC-
-1 LC-MSMS P
LC-MS/MS PFCs
C,FsCOOH
2014 Tang
PFCs
ESI-
multiple reaction
(MRM) mode
Ci7F3sFCOOH
LC-
MSMS
GL
: 3 12
Inertsil C8-4HP MRM
PFOSA
PFCs
LC-MSMS
5 NaDONA F-53B
0.1
ng/g
PFBA (CsFCOOQOH):
PFCs

PFHXA (CsF1,COOH): 121.0+ 8.3%
PFOA (C/F1sCOOH): 106.9+ 11.2%

22

10%

Cis



PFUdA (C1oF21COOH): 123.7+ 10.4%
PFTIDA (C1.F27COOH): 123.1+ 29.4%
PFBS (C4FsSOsH): 97.5¢ 4.0%
PFHXS (CeF15S0:H): 104.0+ 6.8%
PFOS (CsF17S0sH): 106.3+ 9.0%

n=3
PFCs 3
PFCs
10
-1 1
PCDD7 PCDF10
Co-PCB12 2006
WHO
* 8.00+ 3.48pg-
TEQ/g-fat 7.36 351 17.21
-2
Co-PCB12
10 1998
25 2013
27

23

25

28

25

28
PCDF10
27 3
28 PCDD7
163 25 27

203 P=0.046 PCDD Co-PCB12

PCDD P=0.81 CoPCB P=0.78

P=0.66

MOE

AFSCA

kg

7-14

ND=0

56.5 kg

2017

15-19

36.5 kg

27

77

16.0



0.16 pg TEQ/kg/day 95
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TD () A J
1 129 821 44.9 615 454 46.3 726 63.4 60.1 820
2 86.8 106 8L7 116 76.4 79.8 104 112 939 9.7
3 264 213 26.1 17.0 324 47.7 326 416 445 284
4 0.37 0.33 0.29 0.64 0.20 013 0.32 033 015 013
5 221 222 244 220 195 130 158 160 145 204
6 266 230 193 145 259 184 167 24 153 167
7 127 136 200 159 129 126 127 132 100 920.0
8 252 298 244 210 219 237 274 480 281 293
9 136 289 148 194 113 127 137 135 137 388
10 385 398 470 269 3381 2.8 75.0 60.0 313 66.9
1 86 59 16.6 111 104 107 16.3 14.2 141 10.7
12 200 269 313 26.2 188 258 26.3 281 274 279
13 137 179 258 220 191 260 211 141 152 177
14 89.3 109 44 34 19 22 6.5 6.2 6.2 27
1548 1648 1539 1411 1332 1299 1408 1600 1248 1286
pg/man/day

1-1

TD () A J
1 0.0 192 17.7 127 144 54.6 85 312 259 17.8
2 101 186 %.2 248 91.9 282 305 9.8 292 107
3 233 228 24.0 158 16.0 48.7 331 40.1 539 363
4 0.9 0.0 2.7 0.0 0.0 0.0 0.0 00 0.0 0.0
5 91.8 49.3 434 444 336 318 330 554 739 100
6 12.3 199 217 33 239 249 133 532 207 130
7 389 839 64.5 394 795 196 101 725 265 59.4
8 36.9 106 118 311 112 365 261 46.3 218 364
9 336 2360 623 479 550 2655 639 780 484 276
10 6.1 1400 56.4 129 79.0 62.3 110 286 409 4840
11 163 420 103 121 67.1 925 139 841 53 0.0
12 0.0 0.0 39.7 131 0.0 219 7.3 00 0.0 42
13 282 153 442 709 231 337 536 63.2 174 3.2
14 0.0 0.0 0.0 10.9 7.3 26.7 0.0 187 12.8 16.4
1302 4648 1651 2137 1306 4197 2485 1625 1795 6199
pg/man/day

1-2



TD () A J
1 28 197 171 182 26.1 270 20.8 190 89 290
2 128 21 83 10.7 79 185 250 6.5 7.8 83
3 13 43 6.0 18 42 83 84 75 52 9.2
4 0.07 0.00 0.01 0.01 0.00 0.00 0.05 0.01 0.00 0.03
5 40.2 32.6 373 26.9 35.0 293 335 26.4 239 175
6 55 24 51 20 6.8 23 22 133 26 24
7 356 20 44 151 84 27 49 30 19 6.6
8 10.2 3.6 127 9.8 6.6 6.0 80 74 9.8 191
9 9.9 85.6 8.7 171 118 7.2 133 157 74 8.7
10 11 32 28 24 16 22 33 18 13 35
11 19 0.92 0.63 0.58 11 0.9%4 0.86 11 0.52 0.39
12 0.23 0.35 0.21 0.51 0.00 0.36 0.17 0.23 0.12 0.19
13 139 226 216 237 238 24.6 187 112 134 193
14 0.00 0.66 0.21 0.22 0.00 0.26 0.00 0.00 0.00 0.52
155 200 125 292 133 130 139 113 829 125
pg/man/day

1-3

TD () A J
1 54 5.7 30 34 36 36 38 25 5.2 39
2 15.9 127 17.2 114 88 189 155 119 127 134
3 14 18 19 10 11 14 16 13 17 11
4 0.06 0.06 0.06 0.08 0.04 0.07 0.05 0.03 0.02 0.00
5 0.82 17 0.42 25 17 0.83 15 16 16 32
6 0.18 0.00 0.00 011 0.21 0.00 0.00 0.00 0.10 0.00
7 0.16 0.00 0.24 0.00 011 0.00 0.00 0.00 0.16 0.00
8 042 12 0.97 0.79 0.89 0.77 0.87 043 0.78 0.87
9 0.00 0.52 0.00 0.00 0.00 0.00 0.00 10 0.00 0.00
10 2.7 29.2 318 32.7 278 294 353 347 315 36.9
11 327 253 382 278 290 290 259 26.9 349 272
12 4.0 35 39 33 32 3.7 33 33 20 34
13 26 33 7.7 105 51 6.5 49 34 4.7 4.0
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
90.3 85.0 105 93.8 8L6 A.1 9.7 87.0 95.3 .2
pg/man/day



TD () A J
1 25 9.9 84 8.6 48 94 47 6.5 58 22
2 27 27 29 19 28 27 23 18 17 23
3 0.14 0.40 0.68 0.14 0.48 0.89 0.55 0.32 0.86 0.40
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 14 0.78 13 0.70 0.71 054 0.67 0.76 14 042
6 0.05 0.06 0.21 011 011 0.16 0.02 0.16 0.08 0.12
7 0.85 0.67 20 10 10 0.83 0.52 10 0.56 0.35
8 16 26 29 50 3.7 30 38 25 26 33
9 0.03 11 0.04 0.03 0.07 0.03 0.05 0.18 0.02 0.01
10 0.73 91 11 24 12 30 10 0.69 5.6 19
11 0.03 0.04 0.13 0.07 0.04 0.07 0.12 0.09 0.02 0.01
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
13 0.46 16 0.85 10 0.79 14 0.54 0.79 0.50 0.36
14 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.01 0.01 0.00
10.6 289 20.5 210 15.7 2.1 14.3 14.7 191 114
pg/man/day

1-5

TD () A J
1 0.000 0.000 0.000 0.085 0.000 0.000 0.000 0.000 0.000 0.107
2 0.082 0.075 0.048 0.050 0.000 0.148 0.054 0.081 0.041 0.000
3 0.054 0.051 0.062 0.039 0.068 0.036 0.050 0.035 0.064 0.016
4 0.005 0.002 0.005 0.004 0.003 0.004 0.004 0.003 0.007 0.003
5 0.070 0.023 0.055 0.048 0.046 0.080 0.063 0.059 0.042 0.031
6 0.000 0.000 0.000 0.051 0.028 0.031 0.000 0.000 0.000 0.000
7 0.000 0.040 0.042 0.016 0.000 0.000 0.000 0.000 0.000 0.000
8 0.066 0.050 0.102 0.109 0.073 0.095 0.059 0.068 0.056 0.059
9 0.001 0.466 0.124 0.352 0.000 0.730 0.158 0.239 0.000 0.115
10 0.046 0.100 0.043 0.045 0.038 0.055 0.060 0.064 0.049 0.150
11 0.026 0.090 0.027 0.138 0.028 0.045 0.026 0.178 0.019 0.112
12 0.000 0.029 0.032 0.050 0.000 0.026 0.037 0.024 0.030 0.036
13 0.131 0.089 0.113 0.085 0.119 0.115 0.080 0.101 0.074 0.082
14 0.000 0.000 0.000 0.071 0.000 0.068 0.000 0.000 0.000 0.074
0.6 1.0 0.7 11 0.4 14 0.6 0.9 0.4 0.8
pg/man/day



TD () A G J
1 31 115 132 129 77 84 55 155 105 84
2 724 712 914 715 88.2 149 80.7 132 156 711
3 94 133 158 7.6 14.3 154 184 16.2 115 16.0
4 14 0.18 0.42 0.77 0.02 0.00 0.54 0.14 0.02 0.04
5 52.7 49.6 36.7 41 90.3 34.6 52.7 49.7 52.1 60.1
6 2.7 271 153 128 10.6 330 372 243 25 376
7 2.0 116 74.0 235 418 253 48.0 9.3 157 582
8 76.4 85.2 58.0 816 371 60.9 69.0 464 975 80.9
9 131 124 209 137 79 289 118 234 84 4.2
10 38 189 43 7.2 7.3 80 6.4 6.4 9.2 413
11 1.2 176 9.7 118 181 16.6 175 248 103 120
12 10.9 102 127 142 7.6 113 9.2 9.3 6.7 84
13 299 49.6 775 66.0 65.5 45.7 85.3 233 46.2 50.7
14 2.3 21 17 0.66 17 24 2.8 29 20 14
345 493 432 368 398 439 445 334 542 450
pg/man/day

1-7

TD () A G J
1 12 0.33 0.15 0.39 0.30 84 0.15 0.24 031 0.27
2 0.54 0.46 0.27 0.60 0.17 326 0.31 0.31 0.37 0.27
3 0.30 0.22 0.05 0.05 0.06 13 0.08 0.08 0.07 0.09
4 0.03 0.00 0.01 0.04 0.00 0.02 0.00 0.00 0.00 0.00
5 045 0.31 0.13 0.37 0.13 0.49 0.28 0.21 0.20 39
6 0.63 0.14 0.05 10 0.10 0.13 0.00 0.07 0.04 0.06
7 0.15 0.12 0.40 0.34 0.09 0.79 043 0.16 0.08 0.16
8 10 0.61 10 6.1 0.35 0.95 0.45 0.52 10 13
9 0.68 25 0.84 11 043 12 0.73 0.57 0.00 0.25
10 034 0.64 0.29 0.60 041 0.48 0.37 0.67 0.23 26
11 0.32 0.17 0.23 0.17 0.27 0.88 0.20 0.24 0.29 0.07
12 034 0.07 0.12 0.26 0.00 0.12 0.08 0.04 0.00 0.08
13 0.42 0.38 0.56 0.90 0.37 0.69 0.51 0.33 0.20 011
14 0.00 0.00 0.16 011 0.00 0.67 0.00 0.21 011 0.28
6.4 5.9 4.3 12.1 2.7 48.7 3.6 3.6 29 9.4
pg/man/day

1-8

46



TD () A G J
1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 0.020 0.041 0.050 0.017 0.020 0.097 0.048 0.040 0.030 0.067
3 0.006 0.016 0.005 0.010 0.003 0.004 0.006 0.009 0.018 0.005
4 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002
5 0.021 0.011 0.017 0.022 0.022 0.035 0.027 0.044 0.085 0.050
6 0.003 0.002 0.002 0.000 0.004 0.000 0.000 0.003 0.000 0.000
7 0.009 0.004 0.005 0.007 0.005 0.007 0.003 0.006 0.002 0.003
8 0.183 0.053 2021 1.001 0.381 0.680 0.893 0.583 0.841 0.620
9 0.017 0.110 0.033 0.015 0.020 0.019 0.037 0.020 0.077 0.000
10 0.105 0.228 0.179 0.158 0.134 0.246 0.338 0.233 0.110 0.532
11 0.006 0.033 0.063 0.032 0.012 0.027 0.080 0.103 0.045 0.026
12 0.004 0.008 0.007 0.006 0.003 0.031 0.059 0.025 0.044 0.010
13 0.014 0.038 0.033 0.039 0.035 0.041 0.032 0.019 0.013 0.009
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.39 0.54 242 131 0.64 1.19 152 1.08 127 132
pg/man/day
1-9
TD () A G J
1 12.8 183 16.9 192 12.0 196 193 141 155 17.3
2 0.39 15 16 0.56 041 11 0.73 12 045 25
3 0.06 0.44 0.07 0.33 0.27 0.57 0.07 011 0.14 0.11
4 0.01 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
5 011 0.15 0.10 0.70 0.08 0.75 0.45 0.08 0.09 0.09
6 0.05 0.16 0.02 0.19 0.27 0.02 0.25 0.13 0.01 0.03
7 0.15 0.08 0.21 0.17 0.06 0.10 0.06 0.04 0.07 0.04
8 15.6 14 184 102 55.7 313 97.8 9.4 165 120
9 0.53 0.92 031 0.42 0.47 0.19 0.37 0.21 0.39 0.14
10 165 104 263 82.0 86.0 104 147 838.7 148 153
11 0.35 0.60 0.94 0.26 0.32 15 0.78 0.39 0.65 0.24
12 0.04 0.04 0.04 0.03 0.03 0.03 0.04 0.03 0.08 0.02
13 23 6.5 6.5 6.7 25 253 37 6.2 23 24
14 0.54 0.04 011 0.06 0.09 0.08 0.07 0.07 0.15 0.09
198 134 473 213 158 185 270 204 184 296
pg/man/day
1-10
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TD () A J
1 104 16.2 155 16.7 105 175 189 139 146 16.7
2 043 0.38 0.37 0.53 0.35 0.51 0.39 0.27 0.39 0.33
3 0.05 0.34 0.05 0.32 0.15 0.38 0.06 0.04 011 0.07
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
5 0.09 0.12 0.10 0.18 0.05 0.04 0.10 0.03 0.07 0.08
6 0.07 0.14 0.07 0.07 0.29 0.00 0.18 0.10 0.05 0.06
7 018 0.12 0.22 0.20 0.12 011 0.13 0.10 0.12 0.13
8 0.26 0.61 23 42 0.46 0.75 23 10 0.77 296
9 0.25 0.72 0.00 0.18 0.19 0.00 0.26 0.21 0.27 0.24
10 0.18 0.30 0.24 0.40 0.42 0.31 0.21 0.33 0.19 53
11 0.08 0.04 0.05 0.04 0.05 0.06 0.04 0.07 0.04 0.04
12 0.05 0.06 0.05 0.05 0.04 0.05 0.04 0.04 0.09 0.00
13 0.65 0.50 0.52 0.34 0.76 0.76 0.28 0.48 0.32 0.26
14 0.68 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00
134 195 194 233 133 20.5 229 16.6 17.1 52.9
pg/man/day

1-11

TD () A J
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 20 0.00 0.59 0.00 041
3 0.10 0.00 0.00 0.00 50.8 0.14 0.06 0.00 0.09 0.00
4 0.00 0.00 0.08 0.00 0.00 0.09 0.00 0.00 0.00 0.00
5 0.09 0.00 0.16 0.00 0.00 273 44 0.00 0.00 0.00
6 0.22 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00
8 0.00 0.00 0.33 690 0.00 990 0.00 0.00 0.00 0.00
9 0.00 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.55 0.17 0.25 0.50 0.16 0.74 0.21 11
11 0.00 0.00 0.00 0.64 6.2 0.00 0.00 0.00 0.00 0.00
12 0.00 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 0.00 0.19 0.18 88 0.00 0.39 0.90 0.91 0.00 0.24
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.4 25 13 700 57.3 1021 5.6 31 0.3 18
pg/man/day

1-12



TD () A G J
1 36.2 0.38 0.16 342 0.80 13 0.57 10 0.30 0.84
2 55.2 16 0.93 22 34 25 26 21 11 38
3 0.27 0.76 15 10 0.99 19 16 18 15 43
4 0.06 0.00 0.00 0.03 0.00 0.00 0.06 0.01 0.00 0.00
5 23 0.91 0.87 20 0.56 0.36 0.66 15 0.96 14
6 051 20 011 0.83 0.49 0.32 0.24 034 0.05 0.20
7 043 0.21 0.24 0.64 043 0.63 0.28 0.89 011 0.26
8 0.94 0.40 0.86 23 16 15 0.62 25 29 11
9 0.64 46.4 0.00 10 0.67 0.36 26 43 0.63 0.00
10 0.57 39 0.62 0.62 11 0.75 11 19 0.84 50
11 15 0.54 28 16 16 28 21 25 0.27 0.54
12 031 0.21 0.22 0.09 0.07 0.18 0.00 0.20 0.00 0.24
13 12 22 28 29 28 33 34 19 13 16
14 0.00 0.13 0.00 0.14 0.00 0.16 0.16 0.00 0.13 0.13
100 59.5 111 357 145 159 16.1 211 10.0 194
pg/man/day

1-13

TD () A G J
1 0.62 0.46 0.26 32 0.50 0.49 0.37 0.51 054 0.88
2 10 11 0.69 12 12 0.95 22 19 19 19
3 017 0.31 0.44 0.16 0.35 0.69 0.80 0.63 054 0.73
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.72 0.79 0.89 0.91 12 0.54 0.67 0.55 0.53 0.45
6 0.25 0.30 0.40 0.62 0.37 0.23 0.34 0.42 043 0.55
7 0.75 0.46 0.62 0.77 10 0.38 0.61 0.36 0.60 0.25
8 044 0.62 0.87 0.87 0.69 0.93 13 0.79 0.83 12
9 0.38 111 0.75 0.70 15 0.88 14 18 0.36 0.56
10 034 25 0.80 0.72 0.45 0.71 0.67 0.49 0.53 12
11 014 011 013 0.10 013 0.18 0.13 0.24 0.07 0.14
12 011 0.06 0.05 0.05 0.05 0.06 0.05 0.05 0.04 0.07
13 0.60 0.97 16 12 12 18 17 14 0.59 0.75
14 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
5.6 18.7 7.5 105 8.7 7.8 10.3 9.1 7.0 8.7
pg/man/day

1-14
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TD () A G J
1 0.1 123 831 911 838.7 93.9 157 123 127 128
2 10.0 118 116 279 130 14.8 124 9.3 129 9.5
3 38 52 38 47 4.0 50 33 34 28 24
4 0.07 0.03 0.01 0.03 0.04 0.03 0.05 0.02 0.01 0.01
5 383 250 60.3 43.0 332 34.0 204 331 36.4 30.7
6 10 0.99 13 11 16 29 22 18 14 0.53
7 30 3.6 51 33 23 28 20 32 22 29
8 10.2 9.2 133 87 117 88 130 73 110 103
9 11 34 11 11 0.42 0.70 0.83 15 081 0.47
10 043 0.88 0.78 6.2 048 0.58 0.74 0.65 0.78 283
11 25 34 50 53 38 38 55 50 35 19
12 6.5 45 55 45 4.0 48 50 41 41 45
13 245 2.1 296 320 26.3 238 289 159 271 217
14 0.00 0.13 0.14 0.20 0.00 0.18 0.23 0.17 0.14 0.00
191 211 221 229 190 196 261 209 230 242
pg/man/day

1-15

TD () A G J
1 047 0.35 0.29 0.23 0.39 0.72 0.27 0.55 0.66 0.35
2 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.02
3 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00
6 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00
7 0.01 0.02 0.03 0.01 0.05 0.02 0.04 0.02 0.02 0.04
8 0.03 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.03 0.06
9 0.01 0.02 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.02
10 54 6.5 10.6 6.9 9.0 45 6.0 52 35 6.9
11 0.16 0.20 0.42 0.04 0.10 0.19 0.05 0.17 0.13 0.03
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
13 0.01 0.01 0.02 0.19 0.01 0.01 0.01 0.01 0.00 0.03
14 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
6.2 7.2 114 75 9.7 55 6.4 6.0 4.4 7.5
pg/man/day

1-16
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ND=0 (ug/man/day)
1 5 6 8 10 13 14
B 68.8 954 318 029 190 199 133 279 146 44.6 119 26.8 193 133 1432
Al 20.2 180 135 035 55.6 20.6 76.1 194 918 738 817 86 297 93 2735
Ni 372 128 56 0.02 30.3 44 84 93 185 23 0.90 0.24 193 0.19 150
Se 4.0 138 14 0.05 16 0.06 0.07 0.80 0.15 316 27 34 53 0.00 9.0
cd 6.3 24 048 0.00 0.86 0.11 0.88 31 0.16 27 0.06 0.00 0.83 0.00 17.8
S 0.02 0.06 0.05 0.00 0.05 0.01 0.01 0.07 0.23 0.06 0.07 0.03 010 0.02 0.78
Ba 9.7 98.3 138 035 52.3 250 337 69.3 257 113 243 10.0 54.0 20 430
U 0.0000 0.0431 0.0082 0.0005 0.0333 0.0013 0.0052 0.7256 0.0348 0.2263 0.0428 0.0197 0.0273 0.0000 1.168
ND=0 (ng/man/day)
1 5 6 8 10 13 14
total As 165 10 0.22 0.01 0.26 0.11 0.10 7 0.39 134 0.60 0.04 6.4 0.13 232
iAs 151 0.40 0.16 0.00 0.09 0.10 0.14 42 0.23 0.79 0.05 0.05 049 0.08 219
total Hg 043 0.01 0.01 0.00 0.00 0.01 0.03 0.04 0.01 6.5 0.15 0.00 0.03 0.00 72
Pb 12 36 023 0.01 0.65 022 0.27 13 0.83 0.66 0.29 on 045 015 100
Sn 0.09 0.30 51 0.02 32 0.05 0.02 168 0.15 0.37 0.68 0.08 12 0.00 179
Cr 384 75 16 0.02 11 051 041 15 57 16 16 015 23 0.08 62.5
Co 0.78 14 048 0.00 0.72 0.39 0.58 0.86 19 0.83 0.14 0.06 12 0.00 94
Mo 111 133 3.8 0.03 36.3 15 30 104 11 4.0 4.0 4.7 250 0.12 218
2 ( ( ave.)
TD () D E F G H I J
10 6.7 92 4.7 55 54 29 55 6.0
1 0.12 0.02 0.08 014 0.03 0.10 011 0.01 01
6.7 9.2 4.8 55 55 30 55 6.1
pg/man/day
3 10 11 ( ave)
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TDI (ug/man/day) (ng/man/day) TDI (%)
B 4800 1432 30
Al 14286 2735 19
Ni 200 150 75
Se 200 92 46
Cd 50 18 36
S 300 08 03
Ba 1000 430 43
U 10 12 12
MeHg 1143 6.1 53
Pb - 100 -
total As - 232 -
iIAs - 2 -
total Hg - 72 -
Sn - 179 -
Cr - 63 -
Co - 94 -
Mo - 218 -
4 ae  TDI (2016 )
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(MB) 2016 10 1

4 (TD)
3
Dechlorane 602(Dec 602) Dechlorane 603(Dec 603) Dechlorane 604(Dec
604) Dechlorane Plus(DP syn anti 2 ) Chlordene Plus(CP) Dechlorane
7 10 4 TD
10
6 TD
10 TD
ave. Dec 602 3,600 pg/man/day Dec 603 150 pg/man/day Dec 604 21 pg/man/day
syn-DP 990 pg/man/day anti-DP 2,300 pg/man/day CP 61 pg/man/day Dechlorane
410 pg/man/day 7
ae 1,600 pg/man/day
( )
A (HxBBS)
(PBDES)
(HBCD)
(
)
(POPs ) A
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Mirex( Dechlorane
Dechlorane )
POPs
1978
Dechlorane Dechlorane

Plus Dechlorane 602 (Dec 602) Dechlorane
603 (Dec 603) Dechlorane 604 (Dec

604) Dechlorane
Chlordene Plus (CP)
( D Dechlorane
Plus syn anti 2
syn-DP
anti-DP DPs
DP
DP 40
Y2 DP
OxyChem Anpon
DP 4,500 t
949 DP
Dec 602 DP 9
® Dec603 Aldrin Dieldrin
" Dec 604

Dechlorane

8)

9)

CP Chlordene  Chlordane
7 Dec 602 Dec 603
Dec 604 CP
10) 11) 12)
1 (cp
) 2
2,4,7 8-tetrachloro-
dibenzo-p-dioxin (TeCDD) 13
1 Dechlorane
TeCDD
1
DP
Kakimoto
14) 15)
2013
DPs 16) 17)
2014 2015
TD
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18) 19) 20)

3
TD
2016 10
TD 1 4
TD 3
6 TD
4
10
B
1
1)-1.
2016
10 MB TD
TD
1)-2.
Dechlorang( 13C-
) Dec 602(*C- )
Cambridge Isotope CP DPs
Wellington Laboratories
Dec 602 Dec 603 Dec 604

Santa Cruz

70

Wellington
Laboratories
183C12-2,2°,3,4,4°,5,5 -heptabromo-
diphenylether (**C-PBDE180)

1)-3.
PCB
Waters Sep-pak Vac RC (500 mg)
Supelco
Supelclean Sulfoxide(3 g)
0.991 1.397 mm
2.
2)-1.
(HRGC/HRMYS)

HRGC/HRMS GC Agilent A 7890
MS  Waters AutoSpec Premier

2
SIM
'z
m'z
2)-2.
(ASE) Thermofisher
Scientific ASE-350



(*C-PBDE180

100 1500 ps 125 pg )
7 10 25 uL
2 1pL  HRGC/HRMS
4 D 5g
2)-3.
2
C D
450 4 1
@4 ( ) )
109 2015
Dec602 0.05pg
(BCio-Dechlorane  *Cyo-Dec Dec603 0.06 pg Dec604 0.8 pg syn-DP
602 *Cje-anti- DP 3Cyo-syn-DP 250 pg 0.2pg anti-DP 0.2pg CP 0.03pg
) Dechlorane  0.03 pg 20)
Dec 602
2 mL syn-DP anti-DP
DPs 1mL 0.094 pg/g
0.96 pg/g 3.7 po/g
(*C-PBDE180 125 pg ) 0.18 pg/g 1.0 po/g 2.6 pg/g
25 uL Dec 603 Dec604 CP Dechlorane
1uL 2016
HRGC/HRMS 2016
DPs Dec 602 0.035 pg/g
1 mL
2D syn-DP  anti-DP
13 pg/g 56 py/g
DPs
50 % / DPs
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ASE

DPs

GC/IMS

2016

10

TD

Dec 602 ND 63pg/g Dec603 ND
13 pg/g Dec 604 ND 1.4 pg/g

syn-DP ND 10pg/g anti-DP O 36
pg/g CP ND 0.83 pg/g Dechlorane
ND  7.4pgg
Dec 602 syn-DP anti-DP Dechlorane
TD
Dec 602
GC/MS 6 10 11
10 6
DPs
Dec 602
DPs ( 29pgdlg
0.82 pg/g 0.047 polg
19 pg/g)
syn-DP anti-DP 6 10
11
DPs Dechlorane
DPs 1
2 Dec
DPs 603 6 7
8 9 Dec 604
CP
10 TD
3.
10 TD
(3
( 51 57
) 5-8
TD
ND ND =0
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10

Dec 602 2,700 4,900 pg/man/day

Dec 603 45 400 pg/man/day Dec 604
0 180 pg/man/day syn-DP 300 2,000
pg/man/day  anti-DP 1,100 3,700
pg/man/day CP O 340 pg/man/day

Dechlorane 260 900 pg/man/day

7
ave 6

ave.

Dec 602 3,600 pg/man/day Dec 603 150
pg/man/day Dec 604 21 pg/man/day
syn-DP 990 pg/man/day anti-DP 2,300
po/man/day CP 61 pg/man/day
Dechlorane 410 pg/man/day

ave. 7,600

pg/man/day
DPs

11,200 pg/man/day
4,800 pg/man/day 5,370
pg/man/day
DPs syn-DP  anti-DP

3,290 pg/man/day

DP U3

D

HBCD 120,000 pg/man/day PBDEs 110,000
pg/man/day
(DBDPE) 560 pg/man/day
(HxBBs) 240 pg/man/day
HBCD PBDEs
HxBBs DBDPE
TD

TD

) Dec 604 CP

Dec 602
10 72 %
Dec 602
10
Dec 602
Dec

603 syn-DP anti-DP



Dec 603
1 (21%) 10 (23%) 11 (20%)
syn-DP  anti-DP

( 43 4-4)
Dec 602
DPs
Dechlorane
10 (49%)
Dec 602
10
(41%) 9 (10%) 11 (10%)
TD
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Dechlorane 602 Dechlorane 603
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Dechlorane 604

Cl

Cl Cl
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anti-Dechlorane Plus
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1

DP Dec602 Dec603 Dec604 Dechlorane TeCDD
CigH12Clir  CuH4ClioO  Ci7HgClio CizHaBraCle C10Cl12 C12H4ClsO2
653.7 613.6 637.7 692.5 545,55 21.97
() 206 325 198 203 485 305
(Pa) 471x107 553107 1.59x107  847x10°  1.07x10" 2.0x10”7
(ng/lL) 221 0.04 8.49 0.3 85000 200
Log Pow* 9 71 85 85 6.89 6.8
* Pow /

2 HRGC/HRMS

GC
GC Agilent A7890
DB5 Agilent 0.25mmx15m, 0.1 um
1L
280
1.0 mL/min
120  1min 30 /min 240
5 /min 275 40 /min 320 2.88min
MS
MS Waters AutoSpec premier
El
38eV
280
10000
Dec 602 DP 271.8102 273.8072
Dechlorane
Dec 603 262.8570 264.8540
Dec 604 419.7006 417.7026
13C10-Dechlorane
13 13 276.8269
Clo- Dec602 Clo- DP
BC12-2,2 344 55-HeptaBDE ~ 415.9096 413.8116
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10 g

ASE ]
100

3%
20 mL 7 mL
" —
5 mL 1.7 mL
] 10 mL
L 5% / 7 mL
2 mL
il DPs \
1 mL N2 1 1
—( '
! l HRGC/HRMS ] !
1mL 1 1
: 13C-PBDE180 :
[ ] \ 25 L 1L ’
__________________ bd
10 mL 20 mL
5mL
50% / 7 mL
/’ -TfF-TTTTTTTT TS T T T T T ST ST E TSI TS TS = \\
R (oP ) !
1
1
: [ HRGC/HRMS ] !
1
1
1
I 15C-PBDE180 X
1
1
|\ 25 UL 1L )
~ 4
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3 TD (10 )
pdg
1 2 3 4 5 6 7 8 9 10 11 12 13
Dec602 0.23 0.22 0.31 0.50 0.33 29 0.19 0.12 0.17 35 2.6 0.38 0.28 33 ND 63
Dec603 0.068 0.057 0.10 0.26 0.052 0.014 0.025 0.0025 0.013 0.46 0.28 0.056 0.14 0.12 ND 13
Dec604 ND ND ND ND ND 0.15 ND ND ND ND 0.022 ND ND 0.014 ND 14
syn-DP 0.27 0.47 0.76 45 0.75 0.33 0.25 0.26 0.28 0.94 0.84 0.36 12 0.86 ND 10
anti-DP 0.78 0.97 19 14 15 0.76 0.56 0.85 0.72 17 25 0.76 16 22 ND 36
CP 0.0010 0.0049 0.0073 0.020 ND 0.0050 0.023 0.00087 0.048 0.21 0.042 ND 0.011 0.029 ND 0.83
Dechlorane 0.011 0.012 0.056 0.20 0.028 0.019 0.78 0.20 0.012 2.6 0.42 0.065 0.16 0.35 ND 74
Total 14 17 3.1 20 2.7 4.2 1.8 14 12 41 6.6 1.6 34 6.9 0.024 69
4 TD
1 2 3 4 5 6 7 8 9 10 11 12 13
Dec602 1010  10/10 10/10 1010 1010 1010 910 10/10 910 1010 10710 10710  10/10 128/130
Dec603 610 610 1010 610 710 410 510 110 410 1010 1010 710 8§10  84/130
Dec604 010 010 010 010 010 210 010 010 010 010 V0 010 010 3130
syn-DP 610 1010 1010 10/10 10/10 910 710 710 710 10/10 1010 10/10 10/10 116/130
anti-DP 1010 1010 10/10 10/10 1010 910 710 910 910 1010 10/10 910 1010 123130
CP 10 210 210 V10 010 210 10 210 210 6§10 410 010 210  26/130
Dechlorane 610 510 910 &10 &10 8§10 910 910 710 1040 10/10 910 1010 108130
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5-1 Dechlorane 602

D A B C D E F G H [ J
1 330 110 63 43 100 120 2 19 21 170 100
2 38 220 2 55 M 73 36 85 17 a4 57
3 19 16 2 18 9.7 8.8 9.2 39 1 8.1 12
4 42 56 35 54 53 40 55 6.2 6.2 47 51
5 13 2 43 55 27 13 6.0 5.7 5.8 45 20
6 12 1800 14 17 200 6.0 170 160 450 13 290
7 17 19 54 10 19 14 15 0 18 17 18
8 23 2 %6 20 19 52 96 6.6 1 20 23
9 24 a1 120 35 480 2 260 0 40 2 110
10 1800 1000 2300 3300 3600 3000 2000 3600 1700 4300 2600
1 390 170 220 140 320 210 720 89 520 R 290
12 24 50 43 51 100 19 26 25 39 70 a7
13 11 10 28 47 100 13 2 20 23 12 25

2700 3500 3000 3700 5000 3500 3300 3900 2800 4900 3600
(py/man/day)
5-2 Dechlorane 603

D A B [ D E F G H [ J
1 220 30 0 23 0 2 19 0 0 43 31
2 95 1 16 0 0 0 20 15 0 0 16
3 9.2 55 17 74 2.8 6.2 38 14 17 0.76 41
4 0 74 0 0 2.0 2.0 17 6.4 0 75 2.7
5 6.7 75 2.6 9.2 0 17 33 2.3 0 0 33
6 6.1 35 0 0 0 2.8 0 0 20 0 14
7 0 5.2 6.0 0 33 38 49 0 0 0 23
8 0 0 0 0 4 0 0 0 0 0 0.40
9 33 0 37 0 0 0 0 0 10 7.2 8.7
10 27 14 48 79 86 14 27 10 31 1 35
1 <! 16 74 75 25 23 10 6.2 28 47 30
12 9.2 9.7 12 75 94 0 13 0 0 6.2 6.7
13 47 0 8.7 17 19 1 9.3 8.9 0 2.6 12

400 110 210 310 150 87 110 50 73 45 150
(pgymarvday)
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5-3 Dechlorane 604

D

19

19

180

10
11

18

18

13

21

(pg/marvday)

19

180

18

54 syn-Dechlorane Plus

D

SENTLS
882

c¥daINQ
c8389¥S
CEEERES
c88333
o3I KK
88888 A
S8 333
SEERER:
28083

52
84
280
100
91
110
51

32
57
350
130
140
27
140

920

610

1000 590

610

1100 2000

1200

(pg/man/day)
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5-5 anti-Dechlorane Plus

D

360
240
76
140
91
82
51
160
450
130
270
93
140

9388352 RREESR
89BRBc0c0co8R5 8
898 Bo8I5RBR

S8c828988388Y
SEECEREELIRY
RBEe533R§FS8a88

REERI82888%=]
g§8555338JRER
SReIIBEIYINS

AaNmITwo~ooo S dYyYY

2200

1100

2200

2900 3700 3200 2000

2100

(pg/marvday)

5-6 Chlordene Plus

D

0.50
0.92
0.26
0.17

5

9.2

0.97

16

17

0.50
21
0.16
32
18
4.6

18

0
0.75

32

7.1

7.6

6.0

0.87

8.2

310
14

49

1

70
13

62

10
11

21

51

12
61

(pg/marvday)

7.9
28

4.2

13

17

5.1
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5-7 Dechlorane
D A B [ D E F G H [ J

1 18 13 13 39 34 40 0 0 0 0 55
2 6.3 21 8.9 0 0 40 0 0 0 8.2 30
3 31 32 1.9 47 17 2.7 33 11 0 11 2.3
4 31 0 2.3 2.0 2.7 0 1.9 21 2.9 2.9 2.0
5 16 1.9 0.80 49 24 12 0 13 0 30 1.8
6 1.9 21 39 0 54 0.91 0 2.9 18 13 2.0
7 53 730 34 32 42 49 6.1 2.3 0 2.2 76
8 50 6.6 49 74 37 0.28 42 9.2 0 340 38
9 12 0 9.6 17 15 0 7.9 0 8.9 8.3 7.9
10 160 74 240 290 300 220 150 180 93 280
n 2 2 29 25 35 2 59 45 140 19 a7
12 53 26 9.3 9.0 8.0 0 6.9 48 29 7.7 7.9
13 4 0.88 8.2 7.0 20 2.6 20 21 1 2.4 15

310 900 340 370 410 270 260 270 260 680 410

(pg/man/day)
5-8 (7 )
D A B C D E F G H I J

1 1100 980 1500 590 390 420 490 200 200 630 640
2 450 710 680 730 250 390 400 170 170 410 440
3 99 210 240 150 76 150 100 43 86 100 130
4 250 85 280 460 140 72 330 99 110 88 190
5 120 200 210 370 100 83 72 73 62 320 160
6 120 1900 180 210 320 330 280 290 500 110 430
7 130 890 180 170 120 23 100 23 47 68 170
8 270 330 360 320 150 170 190 110 55 710 270
9 1300 750 1400 960 1200 330 720 370 200 660 790
10 2200 1300 3000 4000 4100 3400 2500 3900 2000 4800 3100
1 750 740 770 630 610 990 1100 310 1100 420 740
12 190 270 170 360 240 50 170 150 160 210 200
13 260 120 310 200 420 850 210 300 250 130 300

7100 8500 9200 9100 8200 7200 6600 6000 4900 8700 7600

(pg/marvday)



ND=0 (pg/manvday)
1 2 3 4 5 6 7 8 9 10 11 12 13

Dec602 100 57 12 51 20 290 18 23 110 2600 290 47 25 3600
Dec603 31 16 4.1 2.7 33 1.4 23 0.40 8.7 35 0 6.7 12 150
Dec604 0 0 0 0 0 19 0 0 0 0 18 0 0 21
syn-DP 140 120 K7 44 45 36 23 47 180 74 9% 43 110 990
anti- DP 360 240 76 140 a1 82 51 160 450 130 270 93 140 2300
CP 0.50 0.92 0.26 0.17 0 0.50 2.1 0.16 2 18 4.6 0 1.2 61
Dechlorane 55 3.0 2.3 2.0 18 2.0 76 33 7.9 200 47 7.9 15 410
Total 640 440 130 190 160 430 170 270 790 3100 740 200 300 7600
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= 15E = 2FF

= 38 47
n 58 u 6EE
. THE u 87
= OFF = 108%
w118 w128
= 138
4-1 Dechlorane 602
= 18 o
= 38 47
= 58 u 6EE
= THE = 87
= OFF = 108%
w115 w128
= 138
4-2  Dechlorane 603

w18 o
= 38 47
n 58 u 6EE
. THE u 87
= OFF = 108%
w118 w128
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4-3 syn-Dechlorane Plus



4-6

4-4 anti-Dechlorane Plus

4-5 Dechloraone (Mirex)

n 2g¥
4A8%

[ 83?
= 105%
= 127F

n 2g¥
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[ 83?
= 105%
= 127F

= 28
4%
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29

PCB
D (PCDD/P
CDFs Co-PCBs)
14 TD 7 8
10
11
1 10 11
50 kg 0.65 0.21 1.77 pg TE
Q/kg bw/day 10 9
4 pg TEQ/kg bw/day 16%
1.77 pg TEQ/kg bw/day 2.7
44% 19
6.9 10 11
7

(TD)

TD
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TD 7 8

23 25
1
14
120
TD -20
14
1
2
3
4
5
6
7
8
9
10
11
12
13
14
19 12 14 1
10 11
8 3
3
3 10 11
1 9 12 14
2.
WHO TEF
PCDDs 7 PCDFs 10
Co-PCBs 12 29
LOD

89

1-3,5-13 4 14
PCDDs (pg/9) (pg9/9) (pg/L)
2,3,7,8-TCDD 0.01 0.05 0.1
1,2,3,7,8-PeCDD 0.01 0.05 0.1
1,2,3,4,7,8-HxCDD 0.02 0.1 0.2
1,2,3,6,7,8-HxCDD 0.02 0.1 0.2
1,2,3,7,8,9-HxCDD 0.02 0.1 0.2
1,2,3,4,6,7,8-HpCDD 0.02 0.1 0.2
1,2,3,4,6,7,8,9-0CDD  0.05 0.2 0.5
PCDFs
2,3,7,8-TCDF 0.01 0.05 0.1
1,2,3,7,8-PeCDF 0.01 0.05 0.1
2,3,4,7,8-PeCDF 0.01 0.05 0.1
1,2,3,4,7,8-HXCDF 0.02 0.1 0.2
1,2,3,6,7,8-HXCDF 0.02 0.1 0.2
1,2,3,7,8,9-HXCDF 0.02 0.1 0.2
2,3,4,6,7,8-HXCDF 0.02 0.1 0.2
1,2,3,4,6,7,8-HpCDF 0.02 0.1 0.2
1,2,3,4,7,8,9-HpCDF 0.02 0.1 0.2
1,2,3,4,6,7,8,9-0CDF 0.05 0.2 0.5
Co-PCBs
3,3%,4,4"-TCB(#77) 0.1 05 1
3,4,4" ,5-TCB(#81) 0.1 05 1
3,3",4,4" ,5-PeCB(#126) 0.1 0.5 1
3,3",4,47,5,5"-HxCB(#169) 0.1 0.5 1
2,3,3",4,4"-PeCB(#105) 1 5 10
2,3,4,4" ,5-PeCB(#114) 1 5 10
2,3",4,4" ,5-PeCB(#118) 1 5 10
2",3,4,4" ,5-PeCB(#123) 1 5 10
2,3,3",4,4" ,5-HxCB(#156) 1 5 10
2,3,3",4,4" ,5"-HxCB(#157) 1 5 10
2,3",4,47 ,5,5"-HxCB(#167) 1 5 10
2,3,3",4,4",5,5"-HpCB(#189) 1 5 10
3.
20 2
11
SP-2331 DB-17 HT8-PCB
GC



SP-2331

GC BPX-DXN
RH-12ms 1
2 11
1)
4,
pg TEQ/kg bw/day TEQ
2005 TEF
LOD
ND=0 Global
Environment Monitoring System GEMS
LOD ND=LOD/2
ND 60%
10 11
ND=LOD/2
ND=0
C.
7 8 TD
3 5 ND=0
PCDD/PCDFs Co-PCBs
10
11 3
3 5 10 11
#1 #2
#3 PCDD/PCDFs
Co-PCBs
#1 #2 #3
1 PCDD/PCDFs
PCDD/PCDFs 10.61

90

2.88 52.04 pg TEQ/person/day

50 kg
kg
0.21 0.06 1.04 pg TEQ/kg bw/day
3 28 0.18
0.06 0.48 pg TEQ/kg bw/day
2
11 #3
PCDD/PCDFs
3 26 28
4 11 PCDD/PCDF
11
PCDD/PCDFs
PCDD/PCDFs
10 69.8% 11
28.9% 2 98.7%
2 Co-PCBs
Co-PCBs 21.91
7.59 46.85 pg TEQ/person/day
0.44 0.15 0.94
pg TEQ/kg bw/day 4 28
0.36 0.13 0.95 pg TEQ/kg
bw/day
Co-PCBs
10
30 pg TEQ/person/day
Co-PCBs
10 96.6% 11
3.39% 2 99.9%
3
PCDD/PCDFs  Co-PCBs
32.52

10.47 88.37 pg TEQ/person/day



0.65

pg TEQ/kg bw/day
TDI 4 pg TEQ/kg bw/day  16%

TDI
28
TEQ/kg bw/day
2

10
11.7%

Co-PCBs
28

10

28

28

4)

bw/day
4
10

44%

0.21 1.77
5

0.54 0.19 1.42 pg
87.8% 11
2 99.6%
67% 27
72% 67%
11 3
1.2 6.9
15 4.6
28
1
28
10
29
0.65 pg TEQ/kg
10

1.75 pg TEQ/kg bw/day

1972
PCDD/PCDFs

Co-PCBs

37%
PCB

91

1970
11
26 2 10
D
7 8 D
0.65 pg TEQ/kg bw/day
TDI  16%
DDT PCBs
TDI
E.

1) Tsutsumi T, Amakura Y, Sasaki K, Toyoda
M, Maitani T: Evaluation of an aqueous
KOH digestion followed by hexane
extraction for analysis of PCDD/Fs and
dioxin-like PCBs in retailed fish. Anal.
Bioanal. Chem., 2003:375:792-798.

2) 26

3) 27



4) 28

PCB

F.
1
1) Tsutsumi, T., Takatsuki, S., Teshima, R.,
Matsuda, R., Watanabe, T., Akiyama, H. Dioxin
concentrations in dietary supplements containing
animal oil on the Japanese market between 2007

92

and 2014, Chemosphere 2018: 191: 514-519.

2) Tsutsumi, T., Matsuda, R., Yanagi, T., lizuka,
S., Isagawa, S., Takatsuki, S., Watanabe, T.,
Teshima, R., Akiyama, H. Dietary intake of
dioxins in Japan in 2016 with time trends since
1998, Food Additives & Contaminants: Part A
(in press).
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1 GC-MS -1
TeCDD, PeCDD, HxCDD, PeCDF,HxCDF Co PCB
HpCDD, 0CDD Co-PCB
TeCDF, PeCDF,HxCDF,
HpCDF, OCDF
HP7890 SERIES HP6890 SERIES
[Agilent Technologies] [HEWLETT PACKARD]
BPX5 ¢@ 0.25 mmx 6 m( 0.25 p m)[SCGE]
BPX-DXN RH-12ms RH-12ms
@ 0.25 mmx 60 m ® 0.25 mmx 60 m @ 0.25 mmx 60 m
[ 1 [INVENTX] [INVENTX]
BPX-Dioxin- ¢ 0.15 mmx 3 m( 0.15 u m[SCGE]
(Method-1 ) (Method-2 ) (Method-3 )
160  (3.50 min ) 160  (3.50min )| 160  (3.50 min )
1 (20 /min ) L (@25 /min ) L (25 /min )
300 300 300
(5.00 min ) (5.00 min ) (5.00 min )
L (90  /min ) 1 (90  /min ) L (90  /min )
210 (0.50 min ) 210  (0.50 min ) |210 (0.50 min )
L3  /min ) L (3 /min ) L (@2  /min )
300 300 270
(23.00 min ) (28.00 min ) L (15 /min )
300
(6.00 min )
280 280 280
Autospec Premier Autospec ULTIMA
[Waters] [Micromass Ltd.]
El
10,000
280 280 280
30 40 eV
500 p A
8 kV

-03-




2 GC-MS -2
Method-1 Method-2 Method-3
264 kPa (3.00 min ) | 264 kPa (3.00 min ) | 264 kPa (3.00 min )
L (808 kPa /min ) L (808 kPa /min ) L (808 kPa /min )
668 kPa(12.00 min ) | 668 kPa(12.00 min ) | 668 kPa(12.00 min )
L (357 kPa/min ) L (357 kPa/min ) 1 (357 kPa/min )
311 kPa (0.50 min ) | 311 kPa (0.50 min ) | 311 kPa (0.50 min )
L (3 kPa /min ) L (3 kPa /min ) L (3 kPa /min )
401 kPa(23.00 min ) | 401 kPa(28.00 min ) | 401 kPa(8.00 min )
Aux3” 241 kPa (3.00 min ) | 241 kPa (3.00 min ) | 241 kPa (3.00 min )
L (802 kPa /min ) L (802 kPa /min ) L (802 kPa /min )
642 kPa(12.00 min ) | 642 kPa(12.00 min ) | 642 kPa(12.00 min )
L (380 kPa/min ) L (380 kPa/min ) L (380 kPa/min )
262 kPa (0.50 min ) | 262 kPa (0.50 min ) | 262 kPa (0.50 min )
L (2.5 kPa /min ) L (2.5 kPa /min ) L (2.5 kPa /min )
337 kPa(23.00 min ) | 337 kPa(28.00 min ) | 337 kPa(8.00 min )
Aux5™ 188 kPa (3.00 min ) | 202 kPa (3.00 min ) | 202 kPa (3.00 min )

L (94 kPa /min ) L (122 kPa /min ) L (122 kPa /min )
141 kPa(12.00 min ) | 141 kPa(12.00 min ) | 141 kPa(12.00 min )
I (60 kPa/min ) L (60 kPa/min ) I (60 kPa/min )
201 kPa (0.50 min ) | 201 kPa (0.50 min ) | 201 kPa (0.50 min )
1 (1.3 kPa /min ) L (1.3 kPa /min ) I (1.3 kPa /min )
240 kPa(23.00 min ) | 240 kPa(28.00 min ) | 240 kPa(8.00 min )

Valve-5 0 min off 0 min off 0 min off

(Solvent-Cut | ¢ ! !

Valve) 2.00 min on 3.00 min on 3.00 min on

Run Table

|
15.50 min off

!
15.50 min off

|
15.50 min off

Valve-6
(Cold Trap
Valve)

0 min off

!

1.50 min on

!

17.00 min off

0 min off

!

2.50 min on

!

17.00 min off

0 min off

!

2.50 min on

!

17.00 min off

**

SoLvent Cut Valve

-94-
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3 29 (PCDDs+PCDFs) ( D=0)

(paTEQ/day)
0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.01 0.01 0.01
0.02 0.02 0.02 0.02 0.02 0.02
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3

5.23 5.01 6.64 5.36 6.44 8.95 274 18.65 19.67 3.69 3.76 13.62 2.84 2.80 3.94 12.02 6.97 10.58
0.00 0.04 0.61 1.92 1.75 42.96 0.00 4.46 5.17 0.04 0.75 1.27 0.06 3.66 144 0.05 0.70 1.08
0.02 0.02 0.02 0.02 0.02 0.02
0.06 0.06 0.06 0.06 0.06 0.06
0.00 0.00 0.00 0.00 0.00 0.00

(pgTEQ/day) 5.37 5.18 7.38 741 8.33 52.04 2.88 23.25 24.96 3.87 464 15.02 3.03 6.59 551 12.20 7.80 11.80

(p9TEQ/kg bw/day 011 0.10 0.15 0.15 0.17 1.04 0.06 0.47 0.50 0.08 0.09 0.30 0.06 0.13 011 0.24 0.16 0.24
(%)
0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.00 0.12
0.02 0.02 0.02 0.00 0.22
0.00 0.00 0.00 0.00 0.04
0.00 0.00 0.00 0.00 0.03
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.02
0.01 0.01 0.01 0.00 0.05
0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3

425 5.26 9.09 581 8.13 6.46 741 461 69.84
0.06 0.12 0.00 211 218 3.22 3.07 8.63 2891
0.02 0.02 0.02 0.00 0.23
0.06 0.06 0.06 0.00 0.54
0.00 0.00 0.00 0.00 0.00

(pgTEQ/day) 444 551 9.22 8.05 10.44 9.82 10.61 10.45 100.00

(pgTEQ/kg bw/day 0.09 0.11 0.18 0.16 0.21 0.20 021 0.21
1 912 14
10 11 PCDDs+PCDFs+Co-PCBs ND=0 #1 #2 #3
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4 29 Co-PCBs ( D=0)

(paTEQ/day)
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3
13.80 14.21 16.54 10.65 16.05 33.52 7.57 42.25 45.02 10.26 11.59 37.40 8.78 14.55 14.96 23.59 29.42 32.77
0.02 0.01 2.04 0.04 1.38 2.80 0.01 0.05 181 0.01 0.02 331 0.05 0.09 4.08 0.04 0.04 0.04
0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
(pgTEQ/day) 13.83 14.24 18.59 10.70 17.44 36.33 7.59 42.30 46.85 10.29 11.62 40.72 8.84 14.66 19.05 23.64 29.47 32.83
(pgTEQ/kg bw/day 0.28 0.28 0.37 0.21 0.35 0.73 0.15 0.85 0.94 0.21 0.23 0.81 0.18 0.29 0.38 0.47 0.59 0.66
(%)
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.01
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.01
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3
12.63 12,51 27.43 19.35 24.18 28.61 21.15 11.00 96.56
0.07 0.07 172 0.02 0.04 0.04 0.74 1.23 3.39
0.01 0.01 0.01 0.00 0.03
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
(pgTEQ/ day) 12.72 12.59 29.16 19.38 24.24 28.67 2191 11.46 100.00
(pgTEQ/kg bw/day 0.25 0.25 0.58 0.39 0.48 0.57 0.44 0.23
1 912 14
10 11 PCDDs+PCDFs+Co-PCBs ND=0 #1 #2 #3
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5 29 ( D=0)

(paTEQ/day)
0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.01 0.01 0.01
0.03 0.03 0.03 0.03 0.03 0.03
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3 #1 #2 #3
19.03 19.22 23.17 16.01 22.49 42.47 10.31 60.90 64.68 13.95 15.35 51.01 11.62 17.35 1891 35.61 36.39 43.35
0.03 0.05 2.65 1.96 3.13 45.76 0.01 451 6.98 0.05 0.77 4.58 0.11 3.75 551 0.09 0.73 113
0.03 0.03 0.03 0.03 0.03 0.03
0.06 0.06 0.06 0.06 0.06 0.06
0.00 0.00 0.00 0.00 0.00 0.00
(pgTEQ/day) 19.20 1941 25.97 18.11 25.77 88.37 10.47 65.56 7181 14.15 16.26 55.73 11.87 21.25 24.57 35.85 37.27 44.63
(pgTEQ/kg bw/day 0.38 0.39 0.52 0.36 0.52 177 0.21 131 144 0.28 0.33 111 0.24 0.43 0.49 0.72 0.75 0.89
(%)
0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.00 0.04
0.03 0.03 0.03 0.00 0.08
0.00 0.00 0.00 0.00 0.01
0.00 0.00 0.00 0.00 0.01
0.00 0.00 0.00 0.00 0.00
0.01 0.01 0.01 0.00 0.02
0.01 0.01 0.01 0.00 0.02
0.00 0.00 0.00 0.00 0.00
#1 #2 #3 #1 #2 #3
16.88 17.78 36.53 25.16 3231 35.08 2857 15.31 87.84
0.13 0.18 172 2.13 2.22 3.27 3.81 9.15 11.72
0.03 0.03 0.03 0.00 0.10
0.06 0.06 0.06 0.00 0.18
0.00 0.00 0.00 0.00 0.00
(pgTEQ/ day) 17.16 18.11 38.39 27.44 34.67 38.49 32.52 20.18 100.00
(pgTEQ/kg bw/day 0.34 0.36 0.77 0.55 0.69 0.77 0.65 0.40
1 912 14
10 11 PCDDs+PCDFs+Co-PCBs ND=0 #1 #2 #3
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PCB
PCBs
TD PCBs
TD 10 PCBs
10 11 PCBs
PCBs 364 ng/person/day 50
kg 7.3 ng/kg bw/day TDI
0.15% WHO TDI
TDI 36%
PCBs NDL-PCBs NDL-PCBs
336 ng/person/day NDL-PCBs 6 1
21 ng/person/day
A.
PCB

99




PCBs TDI

TD
PCBs 1977
PCBs
PCBs
10
TD
PCBs
TD
PCBs
PCBs Co-PCBs
PCBs NDL-PCBs
Co-PCBs
NDL-PCBs
Co-PCBs 12
-p- /
PCDD/PCDFs
Co-PCBs
TD
NDL-PCBs TDI
JECFA
28 NDL-PCBs
NDL-PCBs
6 PCBs PCB 28, 52, 101, 138,
153, 180 6PCBs
B.
1. TD
PCBs
TD 10
23 25
1

PCBs
10

2. PCBs
2-1.

TPCB-IS-A-STK

TPCB-CVS-A

M-1668A-2-0.01X

11

TPCB-LCS-A500

PCBs

209
M-1668A-1-0.01X
M-1668A-3-0.01X

M-1668A-4-0.01X M-1668A-5-0.01X

cm
0.9 g 44%
g
15 mm
249
24

GC

HT8-PCB
2-2.

(PCB
)
15 mm 9.5
29

30¢g 0.9
24
30 cm

15 g

()

GC: 7890B GC System (Agilent Technologies)



MS: MStation JMS-800D UltraFOUCUS ( 38 eV
() ) 600 pA
10.0 kv

2-3. 10,000
20 g

40 pL 1 mol/L
100 mL
16 m/z 222.0003 ,

100 mL

m/z 188.0393 ,

m/z 255.9613 ,
100 mL 10

70 m/z 289.9224 ,
mL 2

/z 323.8834 ,
2% 100 mL mz

m/z 359.8415 ,
m/z 393.8025 ,
m/z 427.7636 ,

10mL 2 m/z 461.7246
2 mL m/z 497.6826 ,
BCi MoCB
100 mL m/z 200.0795 ,
50 mL BCy, DiCBs
m/z 234.0406 ,
2 mL BCi TrCBs
m/z 268.0016 ,
100 mL 20% v/v BC,  TeCBs
m/z 301.9626 ,
100 mL BCy PeCBs
100 pL m/z 335.9237 ,
GC/MS BCi HxXCBs
m/z 371.8817 ,
BCy, HpCBs
2-4. GC/MS m/z 405.8428 ,
HT8-PCB () ) B, OcCBs
0.25 mmx 60 m m/z 439.8038 ,
Bc, NoCBs
m/z 473.7648
280 Bcy, DeCB
m/z 509.7229 ,

2.0 yL
100 (1 )-20 / -180 -2
/ =260 -5 / - 300 (22 )
( :t1o0m/

) 6

NS 300 18
300
El

101

MoCBs

m/z 190.0364

DiCBs
m/z 223.9974
TrCBs

m/z 257.9587

TeCBs

m/z 291.9195

PeCBs

m/z 325.8805

HxCBs

m/z 361.8386

HpCBs

m/z 395.7996

OcCBs

m/z 429.7606
NoCBs

m/z 463.7216
DeCB

m/z 499.6797

m/z 202.0766

m/z 236.0376

m/z 269.9986

m/z 303.9597

m/z 337.9207

m/z 373.8788

m/z 407.8398

m/z 441.8008

m/z 475.7619

m/z 511.7199



RRF

RRFss
RRF
RRF RRFss
15%
2-6.
5
GC/MS S/N=3
LOD S/N=10
LOQ
PCBs
PCBs
S/N LOD LOQ
5
3 LOD 10
LOQ S/N
LOD LOQ
PCBs LOD LOQ 1
2-7.
3
RRF RRFss
RRF
RRFss + 15%
RRF RRFss
PCBs
PCBs
PCBs 209
PCBs
2-8. PCBs
PCBs PCBs 209

102

NDL-PCBs Co-PCBs 12
PCBs
Co-PCBs PCB 105 NDL-PCBs
PCB 127 GC
PCB 127
PCB 105
6PCBs PCB 28, 52, 101, 138, 153, 180
PCB52 PCB69 GC
PCB
69
PCB 52
2-9 PCBs
TD
PCBs
TD LOD
ND=0 25
GC/MS PCBs
LOD
LOD
PCBs
25
ND LOD 172
PCBs
ND=0 PCBs
% 2)
C.
PCBs
10 10 11
PCBs 2 3
PCBs PCBs
10 PCBs

148 551 ng/person/day
348 ng/person/day
11 PCBs

ng/person/day

29



16 ng/person/day 10

PCBs 154 499
ng/person/day 11 PCBs
11 45 ng/person/day
PCBs
10 11 PCBs
1 2
TD
4 7
PCBs
81% KC
KC-400 KC-500 KC-600
4 7 PCBs 10
11
11
PCBs 1 3
10
10 11 PCBs
4 PCBs 155 577
ng/person/day
364 ng/person/day
PCBs 357
ng/person/day PCBs
PCBs
TDI 5 pg/kg bw/day
PCBs
364 ng/person/day 50 kg
7.3 ng/kg bw/day
TDI 0.15%
PCBs
3 27 2015
27
& 10 PCBs
TDlI  0.2%
PCBs
TDI 47
TDI

2003 WHO  PCBs

No.55 CICAD
Concise International Chemical Assessment
Document ¥ PCBs
TDI 0.02 pg /kg bw/day
TDI PCBs
36%
TDI ¥
TDI
PCBs
TDI
NDL-PCBs
TD
NDL-PCBs 5
NDL-PCBs
6 PCBs 5
10 NDL-PCBs 135
512 ng/person/day
321 ng/person/day 11
NDL-PCBs 6.1 25
ng/person/day
15 ng/person/day 10 11
NDL-PCBs

141 535 ng/person/day

336 ng/person/day
10 11 PCBs
364 ng/person/day

NDL-PCBs PCBs 92%

NDL-PCBs
6PCBs 10 48 183
ng/person/day

115 ng/person/day 11

2.5 11 ng/person/day
5.9 ng/person/day
10 11
6PCBs 51 192 ng/person/day
121
ng/person/day

103



EFSA

6PCBs NDL-PCBs
50%
6PCBs 100%
10 34 38% 11
33 45%
50% NDL-PCBs
PCBs
PCBs
D
10 TD 10 11
PCBs
364 ng/person/day
7.3 ng/kg bw/day
TDI
0.15%
WHO TDI
TDI 36%
NDL-PCBs
336 ng/person/day
6PCBs 121
ng/person/day
E.
1) “
PCB ” 47 8
24 442 1972
2) 25
3) 27
4) WHO, 2003. Concise International
Chemical Assessment Document 55.

Polychlorinated biphenyls: human health
aspects.



PCBs LOD, ng/g | LOQ, ng/g PCBs LOD, ng/g | LOQ, ng/g
MoCBs #1 0.00004 0.00012 HxCBs #128/#162 0.00007 0.00022
#2 0.00004 0.00013 #129 0.00010 0.00032
#3 0.00004 0.00014 #130 0.00010 0.00032
DiCBs #4 0.00009 0.00029 #131/#133 0.00010 0.00032
#6 0.00006 0.00020 #132/#161 0.00010 0.00032
#7 0.00006 0.00020 #134 0.00010 0.00032
#8/#5 0.00024 0.00079 #135 0.00010 0.00032
#9 0.00006 0.00020 #136/#148 0.00010 0.00032
#10 0.00005 0.00017 #137 0.00010 0.00032
#11 0.00070 0.00234 #138 0.00010 0.00034
#13/#12 0.00005 0.00018 #140 0.00010 0.00032
#14 0.00006 0.00020 #141 0.00010 0.00032
#15 0.00006 0.00021 #142 0.00010 0.00032
TrCBs #16 0.00026 0.00087 #143 0.00010 0.00032
#17 0.00034 0.00113 #144 0.00010 0.00032
#18 0.00077 0.00258 #145 0.00010 0.00032
#19 0.00011 0.00036 #146 0.00010 0.00032
#20/#33 0.00088 0.00292 #147 0.00010 0.00032
#21 0.00008 0.00028 #149/#139 0.00009 0.00031
#22 0.00042 0.00140 #150 0.00010 0.00032
#23 0.00008 0.00028 #151 0.00010 0.00032
#24 0.00008 0.00028 #152 0.00010 0.00032
#25 0.00008 0.00028 #153 0.00010 0.00033
#26 0.00008 0.00028 #154 0.00010 0.00032
#27 0.00008 0.00028 #155 0.00005 0.00017
#28 0.00095 0.00318 #156 0.00008 0.00026
#29 0.00008 0.00028 #157 0.00011 0.00037
#30 0.00008 0.00028 #158 0.00010 0.00032
#31 0.00068 0.00226 #159 0.00010 0.00032
#32 0.00030 0.00101 #160 0.00010 0.00032
#34 0.00008 0.00028 #164/#163 0.00010 0.00032
#35 0.00008 0.00028 #165 0.00010 0.00032
#36 0.00008 0.00028 #166 0.00010 0.00032
#37 0.00057 0.00190 #167 0.00012 0.00038
#38 0.00007 0.00022 #168 0.00010 0.00032
#39 0.00008 0.00028 #169 0.00014 0.00047
TeCBs #40/4#57 0.00010 0.00032 HpCBs #170 0.00013 0.00044
#41 0.00011 0.00035 #171 0.00011 0.00038
#42 0.00023 0.00076 #172 0.00011 0.00038
#43/4#49 0.00048 0.00161 #173 0.00011 0.00038
#44 0.00031 0.00103 #174 0.00012 0.00040
#45 0.00011 0.00035 #175 0.00011 0.00038
#46 0.00011 0.00035 #176 0.00011 0.00038
#A8/#4T 0.00029 0.00096 #177 0.00011 0.00038
#50 0.00011 0.00035 #178 0.00011 0.00038
#51 0.00011 0.00035 #179 0.00011 0.00038
#52/#69 0.00056 0.00186 #180 0.00011 0.00035
#53 0.00011 0.00035 #181 0.00011 0.00038
#54 0.00007 0.00022 #182/#187 0.00014 0.00047
#55 0.00011 0.00035 #183 0.00011 0.00038
#56 0.00024 0.00081 #184 0.00011 0.00038
#58 0.00011 0.00035 #185 0.00011 0.00038
#59 0.00011 0.00035 #186 0.00011 0.00038
#60 0.00015 0.00050 #188 0.00009 0.00030
#61 0.00011 0.00035 #189 0.00009 0.00031
#62 0.00011 0.00035 #190 0.00011 0.00038
#63 0.00011 0.00035 #191 0.00011 0.00038
#64/4#72 0.00012 0.00040 #192 0.00011 0.00038
#65/475 0.00011 0.00035 #193 0.00011 0.00038
#66 0.00033 0.00109 OcCBs #194 0.00024 0.00081
#67 0.00011 0.00035 #195 0.00010 0.00033
#68 0.00011 0.00035 #196 0.00009 0.00030
#70 0.00058 0.00192 #197 0.00009 0.00030
#71 0.00030 0.00101 #198 0.00009 0.00030
#73 0.00011 0.00035 #199 0.00009 0.00030
#74 0.00040 0.00133 #200 0.00009 0.00031
#76 0.00011 0.00035 #201 0.00009 0.00030
#17 0.00013 0.00043 #202 0.00007 0.00024
#78 0.00013 0.00043 #203 0.00007 0.00023
#79 0.00008 0.00028 #204 0.00009 0.00030
#80 0.00011 0.00035 #205 0.00010 0.00033
#81 0.00020 0.00067 NoCBs #206 0.00011 0.00038
PeCBs #82 0.00015 0.00049 #207 0.00008 0.00028
#83/#108 0.00015 0.00049 #208 0.00005 0.00018
#84 0.00015 0.00049 DeCBs #209 0.00011 0.00037
#85 0.00015 0.00049
#86/#117/4#97 0.00015 0.00049
#87/#115 0.00036 0.00119
#88 0.00015 0.00049
#89/#90 0.00015 0.00049
#91/#121 0.00015 0.00049
#92 0.00015 0.00049
#94 0.00015 0.00049
#96 0.00015 0.00049
#98/#95 0.00018 0.00061
#99 0.00025 0.00084
#100 0.00015 0.00049
#101 0.00052 0.00175
#102/#93 0.00015 0.00049
#103 0.00015 0.00049
#104 0.00011 0.00037
#105/#127 0.00015 0.00050
#106 0.00015 0.00049
#109/#107 0.00015 0.00049
#110 0.00046 0.00152
#111 0.00015 0.00049
#112/#119 0.00015 0.00049
#113 0.00015 0.00049
#114 0.00020 0.00067
#118 0.00033 0.00108
#120 0.00015 0.00049
#122 0.00015 0.00049
#123 0.00010 0.00033
#124 0.00015 0.00049
#125/#116 0.00015 0.00049
#126 0.00021 0.00071
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2 10 PCBs
(ng/person/day)
PCBs
A B C D E F G H | J
MoCBs 0.195 0.166 0.167 0.116 0.275 0.192 0.187 0.291 0.163 0.224 0.198
DiCBs 2.06 1.85 1.63 1.20 314 220 3.83 3.80 150 215 2.34
TrCBs 16.8 111 12.0 5.42 16.0 136 28.7 173 114 143 147
TeCBs 441 421 341 19.2 573 485 884 67.9 374 494 48.8
PeCBs 714 79.6 63.0 417 117 100 146 135 78.1 91.2 923
HxCBs 75.0 123 104 54.8 148 142 200 222 117 136 132
HpCBs 212 48.1 429 19.2 50.7 424 704 88.6 41.2 504 475
OcCBs 2.56 7.56 7.15 2.76 8.49 6.13 113 13.0 6.04 8.02 7.30
NoCBs 0.340 1.02 1.03 0.558 1.35 0.918 147 1.39 0.814 101 0.990
DeCB 0.238 0.571 5.36 3.01 1.20 0.570 0.895 1.09 0.720 0.661 143
PCBs 234 315 271 148 403 357 551 551 295 353 348
3 1 PCBs
(ng/person/day)
PCBs
A B C D E F G H | J
MoCBs 0.115 0.0787 0.0895 0.0675 0.0950 0.0955 0.118 0.151 0.236 0.0891 0.114
DiCBs 0.534 0.443 0.481 0.316 0.707 0.830 0.503 0.683 0.362 0.518 0.538
TrCBs 0.898 0.333 0.521 0.151 0.655 231 0414 0.743 0.597 0.372 0.699
TeCBs 1.59 0.762 2.06 0.787 272 3.72 141 2.55 1.56 0.957 181
PeCBs 4,00 201 6.63 1.63 6.06 391 3.08 5.50 282 135 3.70
HxCBs 741 3.83 129 2.63 7.95 6.20 5.39 104 413 2.36 6.32
HpCBs 2.87 1.67 4.89 0.943 292 3.36 213 459 1.65 0.901 259
OcCBs 0.564 0.381 0.987 0.198 0.535 0.722 0.396 0.882 0.342 0.171 0518
NoCBs 0.0950 0.0634 0.170 0.0542 0.0880 0.0847 0.0843 0.133 0.0805 0.0514 0.0904
DeCB 0.0673 0.0446 0.0977 0.0768 0.0522 0.0808 0.266 0.0980 0.0585 0.0484 0.0890
PCBs 18.1 9.61 2838 6.85 218 213 138 25.8 118 6.82 165
4 10 11 PCBs
(ng/person/day)
PCBs
A B C D E F G H [ J
MoCBs 0.310 0.245 0.256 0.184 0.370 0.288 0.305 0.442 0.399 0.313 0.311
DiCBs 259 2.30 212 152 385 3.03 433 4.49 1.86 2.67 287
TrCBs 177 114 125 5.57 16.7 15.9 29.1 18.0 12.0 14.7 154
TeCBs 456 429 36.1 20.0 60.0 52.2 89.8 704 39.0 50.3 50.6
PeCBs 754 816 69.6 433 123 104 149 141 80.9 925 96.0
HxCBs 824 127 117 574 156 148 206 232 121 138 138
HpCBs 241 49.8 478 201 537 458 725 932 429 51.3 50.1
OcCBs 3.12 7.94 8.14 2.96 9.02 6.85 117 139 6.39 8.19 7.82
NoCBs 0.435 1.08 1.20 0.612 144 1.00 156 152 0.894 1.06 1.08
DeCB 0.305 0.615 5.45 3.09 1.25 0.651 1.16 1.19 0.778 0.709 152
PCBs 252 325 300 155 425 378 565 577 306 360 364
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5 10 11 6PCBs NDL-PCBs

(ng/person/day)
PCBs
A B C D E F G H | J
10 6PCBs 737 104 952 482 132 116 177 183 102 116 115
NDL-PCBs 215 294 253 135 366 327 508 512 272 328 321
11 6PCBs 6.66 3.69 114 250 7.34 6.53 4.85 947 3.99 250 5.89
NDL-PCBs 159 857 251 6.09 194 196 121 235 104 6.25 147
10 11 6PCBs 803 108 107 50.7 139 123 182 192 106 119 121
NDL-PCBs 231 303 278 141 386 346 520 535 283 335 336
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= DeCB
NoCBs
= OcCBs
= HpCBs
= HXxCBs
m PeCBs
mTeCBs
mTrCBs
m DiCBs
= MoCBs

100% A
80% A
60% -
40% -
20% -

0% -

A B F | J
1 10 PCBs PCBs
100% — -
80% - m DeCB
NoCBs
60% - = OcCBs
= HpCBs
m HxCBs
40% A m PeCBs
m TeCBs
20% - mTrCBs
EDIiCBs
® MoCBs
O% 1 T T T T T T T T
A B C D E F G H | J
2 11 PCBs PCBs
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PCB
GC-MS/MS

GC-MS/MS

50 g

PCDD/PCDFs 0.010 0.069 pg/g 0.035 0.23 pg/g Co-

PCBs 0.0053 0.34 pg/g 0.018 1.1 pg/g

GC-MS/MS
+ 2SD
3 GC-MS/MS GC/MS
GC-MS/MS
GC/MS + 20%
Co-PCBs #123
GC-MS/MS GC/MS 1.7 #123
GC-MS/MS
1)
GC/MS
GC-MS/MS GC/MS
GCMS
GC/MS
GCMS
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2)

GC-MS/MS

GC-MS/MS

GC-MS/MS

GC-MS/MS

GC-MS/MS

WMF-01

NK-LCS-AD
MBP-MXF MBP-MXK
NK-SS-F
PCDD/PCDFs

MBP-79-500
NK-ST-B4
PCDD/PCDFs
NK-ST-B4 NK-LCS-AD NK-SS-F
Co-PCBs

FAT-CS1 CS5

(PCB

15 mm 30

111

cm 0.9 g 2%KOH

349 0.9 g 44% 4.5
g 22% 64 0.9g 10%

39 09g¢
69

15 mm 30 cm
249 15 ¢ 29

GC DB-5ms Ul DB-17

HT8
()

3.

: GM200
GC-MS/MS: Agilent Hewlett-Packard
7890A/7000B

4 GC-MS/MS
4-1.
1
50 g 2 9
BC PCDD/F 100 pg OCDD/F
200 pg PCB 100 pg
PCB 2.5 ng 2 mol/L
200 mL 16
150 mL 100 mL
10
70 mL
2
2% 150 mL
10mL 2
2 mL
200
mL
200 mL



2 mL 3.0 ul.
130 (2 )-30 / -200 -3
150 mL 2% v/v / -280 (30 )
200 mL PCBs ( :15mL/ )
60% v/v Co-PCBs
200 mL PCDD/PCDFs HT8 0.22 mmx 50 m 0.25
PCBs PCBs
500 u L “C Hm
2.5 ng GC-MS/MS
PCDD/PCDFs PCBs 260
3.0 uL
10 25% v/v 130 (1 )-15 / -220 (5
80 mL -2 / -300 (1 )
80 mL ( :1.0mL/ )
PCDD/PCDFs PCBs MS/MS
20 pL El 70 eV
1B 100 pg GC-MS/MS 280
280 150
4-2. GC-MS/MS MRM
cC PCDD/PCDFs  Co-PCBs MRM
23,78 TCDD 1,2,3,7,8 PeCDD
1,2,3,7,8 PeCDF 1,2,3,47,8 HxCDF
1,2,3,6,7,8 HXCDF 4-3.
DB-5ms Ul 0.25 mmx 60 m 5 3
0.25pu m 15
2
250
3.0 ul.
120 (2 )-25 / -250 (5 RRF
-3 / -300 (12 ) RRFss
( :12mL/ )
1,2,3,4,7,8 HxCDD 1,2,3,6,7,8 HxCDD RRF 10% RRFss
1,2,3,7,8,9 HxCDD 1,2,3,4,6,7,8 HpCDD 20%
OCDD 2,3,7,8 TCDF 2,3,4,7,8 PeCDF
1,2,3,7,8,9 HXCDF 2,3,4,6,7,8 HXCDF 4-4.
1,2,3,4,6,7,8  HpCDF  1,2,3,4,7,8,9 CC_MS/MS 10
HpCDF OCDF s 36
DB-17 0.25 mmx 60 m 0.25 LOD 100 LOQ
um 6
250 3 LOD 10  LOQ
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LOD LOQ
4-5.
3
RRF RRFss
RRF
RRFss RRF = 10%
RRFss = 20%
RRF RRFss
PCBs
5. GC/MS
Y GC GC-MS/MS
C.
LODs
LOQs
50 ¢ LODs LOQs 3
PCDD/PCDFs LODs 0.010
0.069 pg/g LOQs 0.035 0.23 pg/g
Co-PCBs LODs 0.0053 0.34 pg/g
LOQs 0.018 1.1 pg/g
PCB 77 PCB 81
PCB 77 LOD LOQ
LODs LOQs

LODs

LODs

PCDD/PCDFs
2,3,7,8 TCDF
PCDD/PCDFs  LODs
2
Co-PCBs
GC-MS/MS
4
LOQs
+ 2SD
LOQs
+ 2SD
MRM
2
LOQs
+ 20%
3 GC-MS/MS
GC/MS
5
GC-MS/MS LOQs
GC/MS
+ 20%
Co-PCBs #123
GC-MS/MS GC/MS
1.7 #123
GC



D

GC-MS/MS
GC/MS LODs LOQs
Co-PCBs
#123
GC
GC-MS/MS
E.
1)
20 2 28

0228003

2) COMMISSION REGULATION (EU) No
589/2014 of 2 June 2014, laying down
methods of sampling and analysis for the
control of levels of dioxins, dioxin-like
PCBs and non-dioxin-like PCBs in certain
foodstuffs and repealing Regulation (EU) No
252/2012

114



MRM

PCDD/PCDFs
Precursor ion | Product ion Collision Precursor ion | Product ion Collision
(m/z) (m/z) energy (eV) (m/z) (m/z) energy (eV)
23,78-TCDD 319.9 194.0 45 3219 2589 25
1,2.37,8-PeCDD 355.9 2929 25 3539 290.9 25
1123478-HxCDD___ |
PCDD  |1,23678-HXxCDD__________| 389.8 326.9 25 3918 328.8 25
1,2.3.7,89-HXCDD
1.234,6,7,.8-HpCDD 4238 360.8 25 42538 362.8 25
0CcDD 4577 394.8 25 4597 396.8 25
23.78-TCDF 303.9 2409 35 305.9 243.0 35
11.2378-PeCDE___________| 339.9 276.9 35 3379 274.9 35
2,3,4,7,8-PeCDF
123478-HXCDF. __________
pcoF  [LA36T8-HXCOE | 3738 3109 35 3758 3129 35
123789-HXCDF __________
2,3,4,6,7,8-HXCDF
11.2.346.7.8-HpCDE_________J 4078 3448 35 4098 346.8 35
1,2.3.4,7,89-HpCDF
OCDF 4417 378.8 35 4437 380.8 35
3¢c,,-2,3,7,8-TCDD 3319 204.0 50 3339 270.0 25
3C1,-1,2,3,7,8-PeCDD 365.9 237.8 50 367.9 303.9 25
¥C,,-1,2,3,4,78-HXCDD
PCDD 4018 337.9 25 40338 339.8 25
3¢ 1,-1,2,3,7,89-HxCDD
%C1,-1,2,3,4,6,7,8-HpCDD 4378 373.7 25 4358 371.6 25
*c,,-0CDD 469.7 405.8 25 4717 407.7 25
3C,-2,3,7,8-TeCDF 3159 2520 35 3179 254.0 35
13,
-1,2,37,8-PeCDF
| Car12378-PeCOE ] 3519 2880 35 3499 2858 35
C1,-2.3,4,7,8-PeCDF
$¥C,,-1,2,3,4,7 8-HXCDF
PCDF 385.8 3220 35 387.8 3240 35
*C1,-2,3,4,6,7,8-HXCDF
13, _ _
-13-C-12 1.2:3:46.8-HpCDF 4198 3558 35 4218 357.8 35
C1,-1,2,3,4,7,89-HpCDF
%c,,-OCDF 4537 389.7 35 4557 391.7 35
) $C1,-1,2,34-TCDD 3159 2520 35 3179 254.0 35
2) Co-PCBs
Precursor ion | Product ion Collision Precursor ion | Product ion Collision
(m/z) (m/z) energy (eV) (m/z) (m/z) energy (eV)
13.344-TCB (1) 2899 2200 35 2919 2220 35
34,4'5-TCB (#81)
PCB  133'44'5-PeCB (#126) 3239 2539 35 3259 256.0 35
3,3'4,4'55'-HXCB (#169) 359.9 289.9 35 357.8 287.9 35
3239 2539 35 3259 256.0 35
123'44'5-PeCB (#118)
2'344'5-PeCB (#123)
PCB
3599 289.9 35 357.8 287.9 35
23'44'55'-HXCB (#167)
233'44'55'-HpCB (#189) 3938 3239 35 395.8 3259 35
13 ' i
lflz 33A44CTCB_#77 302.0 2320 30 304.0 2340 30
C,,-34,4'5-TCB  #81
PCB  |¥C,,-3,3'4,4'5-PeCB (#126) 335.9 265.9 35 337.9 268.0 35
¥C1,-3,3'4,4'55'-HXCB (#169) 371.9 301.9 35 370.0 299.9 35
1°C1,-23,3'44'-PeCB (#105) __ |
Ba 5
»B»C—l% 2344'5-PeCB (F114) | 4554 2659 35 338.0 268.0 35
C1-23'4,4'5-PeCB (#118) __
¥C,,-2'34,4'5-PeCB (#123)
PCB  |®C,,-2,3,3'4,4'5-HXCB (#156)
3719 3019 35 3700 299.9 35
(#167)
3C1,-23,3'4,4'55'-HpCB (#189) 405.9 335.8 35 407.8 337.9 35
) ¥C1,-33'4,5'-TCB (#79) 302.0 2320 30 304.0 234.0 30
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2

PCDD/PCDFs
ng/ml
Conc. 1 Conc. 2 Conc. 3 Conc. 4 Conc. 5
2378-TCDD_____________}._._.02 _____ 05 ______ 1 _______ 5_ . .: 25
12378-PeCDD ___________J. _____ 02_____ 05 _______ 1 .5 . 25
1,2,3,4,7,8-HxCDD 04 1 2 10 50
PCDD  11,2,3,6,7,8-HxCDD 04 1 2 10 50
PCDF
5 5 5
PCDD |5 J ; J
C1,-1,2,3,6,7,8-HXCDD 5 5 5 5 5
®Cp-123789-HxCDD | 5 5 5 5 5
________ S .5 .5 .5 ______5
10 10 10 10 10
________ S .S 5.5 .5
_______ S .5 S5 ...5
________ S oS 5.5 .5
_______ S .5 .5 .5 .5
pepF  |,Carl23078-HCOF | 8 5o I B 5.5
5 5 5 5 5
3C,,-2,3,4,6,7,8-HXCDF 5 5 5 5 5
¥C1-1234678-HpCDF | ¢ S o S .5 . S_______5
©Cyp-1234789-HpCOF | 5 ] S .. S5 5
C,,-OCDF 10 10 10 10 10
C,,-1,2,34-TCDD 5 5 5 5 5
Co-PCBs
ng/ml
Conc.1 Conc.2 Conc.3 Conc.4 Conc.5
3344'-TCB (#77) __________
344'5-TCB(#81) __________
PCB  |33:44'5-PeCB (#126) ______|
3.3'44'55'-HXCB (#169)
2,33'44'-PeCB (#105)_ _ _____|]
2344'5-PeCB_ (#114) _______
2,3'44'5-PeCB (#118) ______|
2'344'5-PeCB (#123) ______
PCB  |2.33144'5-HxCB (#156)_____]
233'44'5'-HXCB (#157)______
23'44'55'-HxCB (#167) |
2,33'4,4'55'-HpCB (#189)
3C,,-3344'-TCB #77
PCB 5
5 5 5
5 5 5
5 5 5
5 5 5
BCp,-2'34,4'5-PeCB (#123) 5 5 5 5 5
PCB  |"C,p-23344'5-HxCB(#156) | 5 5 5 5
BC1-233'44'5'-HXCB (#157) | ¢ S . S5 .. S5
“Cyp-2344'55-HXCB (#167) | S ] S .. S5l 5
C,,-2,3,3'4,4' 5 5'-HpCB (#189) 5 5 5 5 5
BC,-33'4,5'-TCB (#79) 5 5 5 5 5
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3 GC-MS/MS LODs LOQs 50 g
LOD LOQ b
pg9/g pg9/g pg/g
2378-TCDD 0014 0.046 0.01
12378-PeCDD 0.022 0074 0.01
123478-HxCDD 0.026 0.086 0.02
123678-HxCDD 0.038 0.13 0.02
123789-HxCDD 0.039 0.13 0.02
1234678-HpCDD 0.038 0.13 0.02
©» OCDD 0.052 0.17 0.05
5 2378-TCDF 0.010 0.035 0.01
CBL 12378-PeCDF 0.012 0.038 0.01
S 23478-PeCDF 0.018 0.061 0.01
O 123478-HxCDF 0.024 0.080 0.02
123678-HXCDF 0.022 0.072 0.02
123789-HxCDF 0.030 0.099 0.02
234678-HXCDF 0.037 0.12 0.02
1234678-HpCDF 0.033 0.11 0.02
1234789-HpCDF 0.028 0.093 0.02
OCDF 0.069 0.23 0.05
3344 TCB(#77) 0.0083 0.028 0.1
344'5 TCB(#81) 0.0053 0.018 0.1
33'44'5 PeCB(#126) 0.011 0.035 0.1
3344'55" HXCB(#169) 0.0096 0.032 0.1
@ 23344 PeCB(#105) 0.21 0.71 1
O 2344'5 PeCB(#114) 0.25 0.82 1
L 2344'5 PeCB(#118) 0.17 0.57 1
© 2344'5 PeCB(#123) 0.21 0.71 1
233'44'5 HXCB(#156) 0.34 11 1
233'44'5' HXCB(#157) 0.34 11 1
234455 HXCB(#167) 0.25 0.85 1
233'44'55" HpCB(#189) 031 1.0 1
1)
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WMF-01  GS-MS/MS

*

pg/g Pg/g

2378-TCDD 13.1 131 =+ 44
12378-PeCDD 2.47 272 += 13
123478-HxCDD (0.24) ? 022 = 03 *
123678-HxCDD 0.92 0.88 + 04
123789-HxCDD ND[<0.22] ¥ 027 =04 *
1234678-HpCDD (0.23) 059 + 0.7 *

& OCDD (0.63) 391 *+ 62 *

S 2378-TCDF 13.1 131 =+ 49

S 12378-PeCDF 1.07 153 = 14 *

S 23478-PeCDF 7.03 715 = 22

0- 123478-HXCDF 0.48 086 + 10 *
123678-HxCDF (0.31) 051 += 07 *
123789-HxCDF ND[<0.16] 025 + 04 *
234678-HxCDF (0.41) 068 *+ 12 *
1234678-HpCDF ND[<0.18] 101 #+= 19 *
1234789-HpCDF ND[<0.16] 030 = 05 *
OCDF ND[<0.38] 138 =21 *
33'44" TCB(#77) 2,259 2,233 =+ 720
344'5 TCB(#81) 221 201 =+ 58
33'4/4'5 PeCB(#126) 765 739 =+ 260
33'44'55 HxCB(#169) 76 76 =+ 30

o 2,3,3'44" PeCB(#105) 56,989 49,050 =+ 14,200

O 2344'5 PeCB(#114) 3,516 3523 =+ 1,670

& 2344'5 PeCB(#118) 140,035 130,100 =+ 32,500

© 23445 PeCB(#123) 4,303 4233 + 2,620 *
233'44'5 HxCB(#156) 15,541 14,890 =+ 5,020
2,33'44'5 HxCB(#157) 4,031 3,488 =+ 870
2,3'44'55" HxCB(#167) 10,741 9,750 =+ 3,090
2,33'44'55' HpCB(#189) 2,289 2,016 =+ 611

1) * +2SD

2) LODs  LOQs

3) LODs

118



5 GS-MS/MS GC/MS

Dioxins , pa/g % , p9/g % , p9/g %
GC-MS/MS A HRGC/MS B (A/B) GC-MS/MS A HRGC/MS B (A/B) GC-MS/MS A HRGC/MS B (A/B)
2378-TCDD 0.12 0.12 97 0.062 0.072 86 0.091 0.088 103
12378-PeCDD 0.22 0.21 103 0.21 0.20 103 0.23 0.24 99
123478-HxCDD (0.05) Y ND -2 ND 0.031 - ND 0.036 -
123678-HxCDD 0.15 0.13 118 (0.091) 0.098 - (0.12) 0.086 -
123789-HxCDD ND N.D. - ND 0.022 - ND 0.027 -
1234678-HpCDD (0.07) 0.05 - ND 0.043 - (0.12) 0.10 -
% OCDD (0.10) 0.07 - (0.097) 0.088 - 0.22 0.22 101
S 2378-TCDF 0.62 0.64 98 0.50 0.49 103 15 14 106
C\OL 12378-PeCDF 0.12 0.13 95 0.15 0.14 107 0.26 0.29 90
S 23478-PeCDF 0.56 0.48 117 0.44 0.46 96 0.78 0.80 98
8- 123478-HxCDF (0.04) 0.03 - (0.037) 0.027 - (0.077) 0.076 -
123678-HxCDF (0.04) 0.06 - (0.045) 0.031 - (0.041) 0.048 -
123789-HxCDF ND N.D. - ND N.D. - ND N.D. -
234678-HXCDF (0.05) 0.08 - (0.055) 0.026 - (0.045) 0.047 -
1234678-HpCDF ND 0.13 - ND N.D. - ND 0.021 -
1234789-HpCDF ND N.D. - ND N.D. - ND N.D. -
OCDF ND 0.06 - ND N.D. - ND N.D. -
3344 TCB(#77) 108 110 98 32.6 354 92 49.8 53.0 94
344'5 TCB(#81) 47 52 91 26 27 96 35 36 97
33'44'5 PeCB(#126) 18 20 91 12,5 12,5 100 23.6 24.8 95
33'44'55 HxCB(#169) 19 1.9 101 23 23 98 45 40 111
@ 23344 PeCB(#105) 2,906 3,109 93 454 421 108 709 657 108
O 2344'5 PeCB(#114) 204 216 95 32 35 92 53 60 88
& 2344'5 PeCB(#118) 10,293 10,672 96 1,470 1,383 106 2,554 2,627 97
© 23445 PeCB(#123) 200 184 108 50 29 170 81 47 171
23,3445 HxCB(#156) 767 804 95 146 167 88 295 313 94
23,3445 HXCB(#157) 179 175 102 44 43 103 86 80 107
23'44'55" HxCB(#167) 368 409 90 92 97 95 203 204 99
2334455 HpCB(#189) 41 43 97 21 20 105 49 46 106
1) LODs LOQs
2)
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50 g 2 99¢
Bc PCDD/F 100 pg OCDD/F 200 pg PCB 100 pg
2 mol/L 200 mL
16
|
150 mL
3 100 mL 70 mL, 70 mL
10
|
2% NaCl 150 mL 2
0omL 2
)
40
|
15 mm 30 cm
09g 2% 3g 09g 44%
69 0.9g 10% 39 0.9¢g
200 mL
200 mL
40
15 mm 30 cm
29 15¢g 29
100 ml
150 mL
PCB |PCDD/PCDFS
20 - 60% -
200mL 200mL
40 40
ST RI84% 500 uL(*C 2.5 ng | |
| 25%
I
GC-MS/MS | 40
I |
|
[ GC-MS/MS |
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SYUTRIMY 20 uL(BC

PCB 2.5n0)
459 22%
69
PCB
10
- 80mL
80mL

100 pg
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PeCB

‘113C-PeCB

#123 #118

#114

#105

:13C-HxCB

#167

#156 #157

HpCB

i113C-HpCB

#189

2 Co-PCBs
*O

MRM
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PFCs

126

H29- -010
29
PFCs
PFCs
LC-MS/MS
LC-MS/MS ESI- Cs
0.1 ng/g 10g 100 uL
Presep PFC-
C GCs Cw
A. 2
Perfluorocompounds:
PFCs Y PFCs
POPs
2 2018
POPs
PRTR
PFCs 4
2 9
PFCs




PFCs
PFCs
PFCs
LC-MS/MS
ES|
Cis
LC-MS/MS
4)
LC-MS/MS
B.
PFCs
1
n_
PFBA PFPeA PFHXA
PFHpA PFOA PFNA PFDA PFUdA
PFDoA PFTrDA PFTeDA PFHxS PFOS
1000 pg/mL ppm
PFBS PFHpS
ipPFNS PFDS PFDoS NaDONA F-53
S0 ppm ipPFNA
45 ppm
100

127

ng/mL ppb

CF15RN
SPEC 2010
Geno/Grinder
Presep® PFC-
60 mg/3 mL
LC Waters Acquity H Class
MS Waters Xevo TQD
, 20 mM
(A)/ (B) , AIB
80/20 (2 min) 5/95(20 min)
GL Inertsil C8-4HP
(2.1x 100 mm, 3um,)
40
0.2 mL/min
10 pL
MS
ESI

Capillary voltage: 2.0 kV

Extractor voltage: 3V

RF lensvoltage: 2.5V

Source temperature: 150°C

Desolvation temperature: 400°C
Cone/desolvation gas flows: 50/800 L/hr
M S/daughter scan ranges. mvVz 50 to 1200
Cone voltage: 15-50V

Collision energy: 15-50 eV

109
1% 15mL
5 mL 2010 Geno/Grinder
1600 rpm 15
50 ppb 100 pL



30

12000rpm 20
3
3 mL
0.5%
20 mL
Presep® PFC-
SmL
0.5% 5mL
SmL
1%
[ 50/50,v/v 100uL
LC-
MS/MS
C.
C.1LC-MSMS
LC-MS/IMS PFCs
2014
Tang
ESI-
multiple reaction (MRM) mode
5)
LC-MSMS
1
2
5)
GL Inertsil C8-
4HP MRM
3
2
LC-MS/IMS

128

C.2

0.1 ng/g

PFCs

Cis
HLB
10%

PFCs
Presep PFC-

C2FCOOH
PFCs

Ci17F3sFCOOH

3 12

PFOSA

PFCs

NaDONA F-53B

OASIS



ESI-
Cs
PFBA (C3FCOCH):
PFHXA (CsF11COOH): 121.0+ 8.3%
PFOA (C7F1sCOOH): 106.9+ 11.2%
PFUdA (C10F2:COOH): 123.7+ 10.4%
PFTrDA (C12F27COOH): 123.1+ 29.4%
PFBS (C4FeSOsH): 97.5+ 4.0%
PFHXS (CeF13S03H): 104.0+ 6.8%
PFOS (CgF17SO3H): 106.3+ 9.0% uL
n=3
PFCs 3
PFCs 25
2
PFOSA
10
Cis
PFCs
PFCs
D.
PFCs
) LC-MSMS PFCs
25
PFCs

129

PFCs

0.1 ng/g
100
Presep PFC-
PFCs
14

PFCs

Cs

NaDONA F-53B
3

PFCs

10



E.
LC-MS/MS 25 PFCs
Presep PFC-
Co Cs
Cis
PFOSA
PFCs
F
1
2.
G.
H.

l.

1) Sun, Q., Zong, G., Vavi, D., Nidsen, F,
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U.S. Women. Environ. Health Perspect. 126,

130

037001. (2018).
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PFOS

Adjusted odds ratio

Adjusted odds ratio
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A) PFHXS
All Boys Girls
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PFBA

Compound name: PFBA
Correlation coefficient r = 0999074, 112 = 0.998149

Calibration curve: 00121407 * x+0.00406025

Response type: Internal Std (Ref 26 ), Area * (IS Conc. /1S Avea )
Curve type: Linear, Origin: Exclude, Weighting: 1/, A%s trans: None

- 213.08 > 169.07
] 12=0.998

g

Response

040]

PFHxXA

Compound name: PFHXA
Correlation coefiicient r = 0999230, "2 = 0.998460

Calibration curve: 0.00332418 * x-+ 000129392

Response type: Internal Std (Ref 27 ), Area * (IS Conc. /1S Avea )
Curve type: Linear, Origin: Exclude, Weighting: 1/ A ans: None

1 313.18 > 269.05
1 r2=0.998

Response

o T T T T T T T T T T T T T T T T T T T 1 ppb
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 9 95 100
Compound name: PFOA
Correlation coefficient r = 0.999408, 12 = 0.998816

Calibration curve: 0.00869666 * x + 0.00418981
Response type: Internal Std (Ref 29 ), Area * (IS Conc. /1S Avea )
Cunve type: Linear, Origin: Exclude, Weighting: L1k, A%s rans: None

413.18 > 369.11
r2=0.999

Response.

iPPFNA

Compound name: ipPF/

A
Correlation coefficient r = 0.998757, 112 = 0.997515

Calibration curve: 0.00116434 * x+-0.00335971

Response type: Internal Std (Ref 29 ), Area * (IS Conc. /1S Avea )
Curve type: Linear, Origin: Exclude, Weighting: 1/, A%s trans: None

463.21 > 419.05
r2=0.998

Response

3. LC-MS/MS

PFPeA

Compound name: PFPeA
Correlaon coefficient: f = 0.999825, %2 = 0.999651

Calibration curve: 0.00446781 * x-+ 0.00111894

Response type: Internal Std (Ref 27 ), Area * (IS Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Ax%s rans: None

000
oss0
o0 r2=1.000

0250

0200

Response.
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0,000

263.13>219.01
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S o
S e

e
e e

r’=0.998

Response.

363.13>319.1

PFNA

Compound name: PFNA
Correlaton coefficient: r = 0999321, 2 = 0.998643

Calibration curve: 0.00179801 * x + 0.00367987

Response type: Internal Std (Ref 29 ), Area * (IS Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/ Ads rans: None

016

r2=0.999

Response.

463.22 > 419.12

PFDA

Compound name: PFDA
Correlation coefiicient r = 0.998938, %2 = 0.997877

Calibration curve: 0000471357 * x+ 0.00119900

Response bpe: Internal Std (Ref31), Area * (IS Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighting: L, As trans: None

r2=0.998

0030

0025

Response

0020

0015

0010]

0005

-0.000]

599.1 > 79.992

100

1 ppb

PFCs
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PFUdA

Compound name: PFUGA
Correlation coefiicient r = 0999070, "2 = 0.998141

Calibration curve: 0.000305495 * x-+ -0.000433817

Response type: Internal Std (Ref 31), Area * (IS Conc. /1S Avea)
Curve type: Linear, Origin: Exclude, Weighting: 1/ Avis trans: None.

PFDoOA

Compound name: PFDoA
Correlation coefiicient = 0.999442, 2 = 0.998885

Calibration curve: 0.000385477 * x-+ 1.03344e-005

Response bpe: Interal Std (Ref31), Area * (IS Cone. /1S Area )
Cunve type: Linear, Origin: Exclude, Weighting: L, Axs rans: None
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IPPFNS
Response type: Intemal Std ( Ref 30 ), Area * (IS Conc. /1S Area )

549.07 > 80.054
r2=0.998

Response

-0.000°

1 ppb
© 5 10 15 20 25 30 35 40 45 SO S5 60 65 70 75 80 8 9 95 100

PFDoS

Compound name: PFD0S

Correlation coefficient r = 0.999076, 12 = 0.998153

Calibration cunve: 0.035973 * x+-0.172699

Response type: Intenal Std (Ref 30 ), Area * (IS Conc. /1S Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/« A trans: None.

i 698.8>79.9
] r’=0.998

Response

F-53B

Compound name: 538

Correlation coefiicient r = 0999139, %2 = 0.998279

Calibration curve: 0.0251041 * x+0.0133012

Response type: Internal Std (Ref 30), Area * (IS Conc. /1S Avea )
Curve type: Linear, Origin: Exclude, Weighting: 1/ A ans: None

2504

2259

531.077 > 350.908
r2=0.998

2004

175]

1504

1254

Response

100

0.75]
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1 ppb
100

PFDS

Compound name: PFDS

Correlation coefiicient r = 0.999792, %2 = 0.999584

Calibration curve: 0.0055055 * x + :0.0143993

Response bpe: Interal Std (Ref30), Area * (IS Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighing: L, As rans: None

0.400

o 599.1 > 79.992
% r2=1.000

Response.
°

NaDONA

Compound name: NaDONA

Correlation coefficient: 1 = 0.999882, %2 = 0.999764

Calibration curve: 0.0252538 * x+ 0.0549149

Response type: Internal Std (Ref30), Area * (IS Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/, Ads rans: None

377.079 > 250.945
r2=1.000

Response.
b
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10¢
1% FA in CH5CN 15 mL
Hexane 5mL
Std 50 ppb 100 pL

IS 100 ppm 50 pL
15 min, 1600 rpm

20 min, 12000 rpm

Hexane

15 min, 1600 rpm
— =<3

20 min, 12000 rpm

Conditioning J
MeOH 5mL
05%FAInH,O0 5mL

0.5% FAin H,O 20 mL

—>{ j Presep® PFC- , 60 mg/3 mL

Washing
H,O 5mL

Eluting
1%NH,OH in MeOH 10 mL
1%NH,OHin CH,CN 5 mL

MeOH/H,O 50/50 100 uL

LC-MS/MS
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1. LC-MS/MS PFCs
Analytes M.W. Brand Purity Internal standard material
PFBA C;F,COOH 214 TCI >98.0% MPFBA
PFPeA C,FsCOOH 264 TCI >98.0% M5PFHXA
PFHxA CsF,COOH 314 Wako Unknown M5PFHXA
PFHpA CeF13COOH 364 fluorochem Unknown M5PFHXA
PFOA C,F1sCOOH 414 Wako >95.0% 13C PFOA
PFNA CgF;,COOH 464 fluorochem Unknown 13C PFOA
ipPFNA C,(CF3)F,,COOH 464 Wellington L. Unknown 13C PFOA
PFDA CgyF1sCOOH 514 Wako Unknown M7PFUdA
PFUdA C4oF»,COOH 564 Wako Unknown M7PFUdA
PFDoA C,F,3sCOOH 614 Wako Unknown M7PFUdA
PFTrDA C1,F,sCOOH 664 Aldrich >97% M7PFUdA
PFTeDA C43F,7COOH 714 fluorochem Unknown M7PFUdA
PFBS C,4FsSOzH 300 Wellington L. Unknown M3PFHXS
PFHxS CeF15SOH 400 Aldrich 98.0% M3PFHXS
PFHpS C/F15SO;H 450 Wellington L. Unknown M3PFHXS
PFOS CgF17;SO,H 500 TCI >98.0% 13C PFOS
ipPFNS Cg(CF3)FSOsH 550 Wellington L. Unknown 13C PFOS
PFDS C1oF21SOzH 600 Wellington L. Unknown 13C PFOS
PFDoS C1,F5SO3H 700 Wellington L. Unknown 13C PFOS
NaDONA CgF1,0,HCO,Na 400 Wellington L. Unknown 13C PFOS
F-53B CgCIFc0S0OzK 571 Wellington L. Unknown 13C PFOS
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2. LC-MS/MS

PFCs

Analytes MW. Brand Purity Precursorion [M-HJ cone woltage (V) Quantitative ion (m/z ) Qualitative ion (m/z ) collision energy (eV) LOD ng/mL LOQ ng/mL Range (ppb)
PFBA C;F,COOH 214 TCI >98.0% 213.1 20 169.1 213.1 10 0.1 0.2 5-100
PFPeA C,F,COOH 264 TCI >98.0% 263.2 15 219.0 no 10 0.2 04 5-100
PFHXA CsF;COOH 314 Wako Unknown 313.2 20 269.1 118.8 10 0.05 0.1 5-100
PFHpA CgF1sCOOH 364 fluorochem Unknown 363.1 20 319.1 363.1 10 0.1 0.2 5-100
PFOA C,F;sCOOH 414 Wako >95.0% 4132 15 369.1 413.2 10 0.2 04 5-100
PENA CgF7;COOH 464 fluorochem Unknown 463.2 20 419.2 219.0 15 16 32 5-100
ipPFNA C+(CF3)F4,COOH 464 Wellington L. Unknown 463.2 20 419.1 219.1 15 0.8 1.6 5-100
PFDA CoF1sCOOH 514 Wako Unknown 513.3 20 469.1 219.0 10 16 32 5-100
PFUdA C10F1COOH 564 Wako Unknown 563.3 25 519.1 319.2 10 0.8 16 5-100
PFDoA C4,F;COOH 614 Wako Unknown 613.3 25 569.1 269.1 10 0.8 16 5-100
PFTIDA C1,FsCOOH 664 Aldrich >97% 663.3 30 619.1 269.2 10 0.4 08 5-100
PFTeDA C13F»,COOH 714 fluorochem Unknown 713.3 25 669.1 419.2 10 1.6 3.2 5-100
PFHXDA C45F3COOH 814 fluorochem Unknown 813.4 30 769.1 469.2 10 0.4 08 5-100
PFODA C,7F3sCOOH 914 Wellington L. Unknown 913.4 35 869.0 2193 15 3.2 6.3 5-100
PFBS C4FeSOH 300 Wellington L. Unknown 299.1 50 79.9 98.9 30 0.2 04 5-100
PFHxS CgF1SOH 400 Aldrich 98.0% 399.1 50 80.0 98.9 35 5 125 5-100
PFHpS C;F1sSOzH 450 Unknown 449.1 50 79.9 99.0 50 0.8 16 5-100
PFOS CgF1iSOH 500 TCI >98.0% 499.1 50 79.9 45 16 32 5-100
ipPFNS Cg(CF3)F1SOsH 550 Unknown 549.1 50 80.0 130.0 50 0.2 04 5-100
PFDS C1oF1SOzH 600 Unknown 599.1 50 80.0 99.0 45 0.8 16 5-100
PFDoS CFxSOH 700 Unknown 698.8 50 79.9 98.9 55 0.2 04 5-100
PFOSA CgF17SO,NH, 499 Aldrich Unknown 498.1 50 78.0 no 30 0.2 04 5-100
NaDONA CgF1,0,HCO,Na 400 Wellington L. Unknown 377.1 40 250.9 848 10 0.2 0.4 5-100
F-53B CgCIF;;0S0K 571 Wellington L. Unknown 531.1 45 350.9 82.9 25 0.1 0.2 5-100
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29 2017

pg-TEQ/g lipid

PCDDs-TEQ 3.853 1.677 3.498 7.398 1.677

PCDFs-TEQ 1.930 0.864 1.750 | 4.149 0.864
PCDDs/PCDFs-TEQ 5.783 2.521 5.192 | 11.547 | 2.521

Non-ortho PCBs-TEQ 3.245 3.523 2.333 | 18.262 | 1.160

Mono-ortho PCBs-TEQ 0.238 0.250 0.169 1.311 0.084

Coplanar PCBs-TEQ 3.483 3.771 2.520 | 19.573 | 1.244

Total-TEQ 9.266 5.770 8.096 | 31.120 | 3.800

2 25 2013 29 2017

1 WHO02006
pg-TEQ/g-fat
25 26 27 28 29
PCDDs-TEQ 3.00 3.06 4.45 3.40 3.85
PCDFs-TEQ 1.86 2.18 2.09 1.63 1.93
Coplanar PCBs-TEQ 2.43 2.98 3.24 2.96 3.48
Total-TEQ 7.30 8.22 9.78 8.00 9.266
1998 2017
H1 BEBROFAFF VEREOEERNEL
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25

20

15

10

5

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;2

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

143




H28- - -010
29
MOE 2017
MOE 2017
FAQ
AFSCA
1
MOE
2017 1

1. MOE

144




2017 8 9

8
1
2.
2017 7
RASFF
8
Q&A
Chickfreind 3
Chickfreind
RASFF
EU
EU

145



F.
1.
1)

30(3), 188-196 (2017)
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3)

135, 31-38 2017

146



2017 MOE
MOE POD
59-120 15-3 FSA,2017 BMDL 1o

-97.5 017mgkg / 1
65-120 46 -97.5 | FSA,2017
77-160 7-10 FSA,2017
-97.5
110-230 11-18 FSA,2017
975
160-300 19+ 975 | FSA,2017
150-310 15-3 FSA,2017 BMDL 1o
-97.5 043mgkg  / (
2
170-310 4-6 975 | FSA,2017
200-390 7-10 FSA,2017
975
290-570 11-18 FSA,2017
975
390-770 19+ 975 | FSA,2017
1.5-0.9 18 69 RIVM,
-97.5 2017 BMDLo: 0.63 pg/kg
I ( )3
37-2.1 18 69 RIVM,
975 2017 BMDLo: 1.5 png/kg
I ( )
0.57-0.38 2 6 RIVM,
-97.5 2017 BMDLo 0.5 pg/kg
I ( )
0.66-0.38 7 RIVM,
-975 2017
1.3-0.71 RIVM,
2017
-97.5
>1,000,000-5,537 min EFSA,
LB-max UB 2017

BMDL10 237
U g/kg I (4)
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>1,000,000-4,897 min EFSA,
LB-max UB 2017
338,571-6,910 EFSA,
min LB-max 2017
uB
790,000-9,080 min EFSA,
LB-max UB 2017
1,185,000-8,229 min EFSA,
LB-max UB 2017
79,000-5,940 min EFSA,
LB-max UB 2017
60,769-5,670 EFSA,
min LB-max UB 2017
>1,000,000-1,280 95 EFSA,
min LB- 2017
max UB
>1,000,000-1,107 95 EFSA,
min LB- 2017
max UB
71,818-1,887 95 EFSA,
2017
min LB-max UB
296,250-2,492 95 EFSA,
min 2017
LB-max UB
215,455-1,975 95 EFSA,
min LB- 2017
max UB
15,490-1,922 95 EFSA,
min 2017
LB-max UB
14,906-1,863 95 EFSA,
min 2017
LB-max UB
1000 95 EFSA,
2017 1,500 mg/kg bw
(5)(6)
660 EFSA,
2017
460 975 EFSA,
2017
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65-459 EFSA, 2
2017
BMDL10 0.064
mg/kg bw/d(7)
35-238 95 EFSA,
2017
99-292 EFSA,
2017
60-189 95 EFSA,
2017
124-338 EFSA,
2017
75-222 95 EFSA,
2017
207-584 EFSA,
2017
111-338 95 EFSA,
2017
119-584 EFSA,
2017
53-321 95 EFSA,
2017
105-536 EFSA,
2017
51-268 95 EFSA,
2017
91-495 EFSA,
2017
67-238 95 EFSA,
2017
1328-9388 EFSA,
2017
BMDL10 131
mg/kg bw/d
821-4868 95 EFSA,
2017
2022-5974 EFSA,
2017
1369-3866 95 EFSA,
2017
2527-6917 EFSA,
2017
1752-4532 95 EFSA,
2017
4240-11948 EFSA,
2017
2629-6917 95 EFSA,
2017
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2434-11948 EFSA,
2017
1114-6571 95 EFSA,
2017
2155-10952 EFSA,
2017
1051-5476 95 EFSA,
2017
1752-10110 EFSA,
2017
1429-4868 95 EFSA,
2017
10000 ADI EFSA, BMDL10 for NDMA is
2017 0.027 mg/kg bw per
day(8)
10000 EFSA,
2017
12 EFSA,
2017 1.8gkg | (9
6 95 EFSA,
2017
100 39 EFSA,
2017 50mglkg  /
(10)
200 EFSA,
2017
EFSA
FSA
RIVM
BMDL 95%
BMDL10 10% BMDL

(LB-UB) Lower bound-Upper bound
URL:

(1) https://www.food.gov.uk/sites/default/fil es/fsis-2014-tds-acrylamide. pdf
(2) https.//www.food.gov.uk/sites/default/files/fsis-2014-tds-acrylamide. pdf
(3) http://mww.rivm.nl/en/Documents_and_publications/Scientific/Reports/2017/mei/Dietary_exposure_to |
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ead in_the Netherlands:VOCVVIXIQiyg51xjeC80OTA

(4) http://onlinelibrary.wiley.com/doi/10.2903/].efsa.2017.4908/full
(5) https://www.ef sa.europa.ew/en/efsgjournal/pub/5059

(6) https://www.efsa.europa.eu/en/efsgjournal/pub/4682

(7) https://www.ef sa.europa.eu/en/efsgjournal/pub/5005

(8) https://www.ef sa.europa.ew/en/efsgjournal/pub/4786

(9) https://www.ef sa.europa.euw/en/efsgjournal/pub/4776

(10) https://www.ef sa.europa.euw/en/ef sgjournal /pub/4728
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RIVM

RIVM

Q8A
Questions and answers about fipronil
7-Aug-17

http://ww.rivm.nl/en/Topics/F/Fipronil_in_eggs/Questions_and answers_about fipronil

2 ( )
kg
kg
(NVWA NVWA
)
NVWA NVWA
RIVM
RIVM NVWA RIVM
NVWA
NVWA
( )
NVWA
( )?
NVWA
2 3
2 3
40155
GP RIVM
GPs
RIVM
XXs

NVWA
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NVWA

NVWA
Q&A
Questions and answers for consumers about fipronil in eggs from laying hens
11-08-2017
https://english.nvwa._nl/topics/fipronil-in-eggs/questions-and-answers-for-consumers-about-fi
pronil-in-eggs-from-laying-hens
WHO
90%
RIVM
NVWA
NVWA
20%
NVWA
NVWA
NVWA
ID
Skal Bionext
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NVWA

>0.72 mg/kg

>0.06 mg/kg

NVWA

>0.005 mg/kg

NVWA

NVWA

2017

NVWA

NVWA
NVWA

NVWA

19

NVWA

(Regulation (EC) No. 396/2005)

NVWA

Rendac

NVWA

NVWA

1%

10

NVWA

2-NL-4015502

NVWA
MRL
NVWA
2016 11
NVWA
Rendac
15%

NVWA

0.005 mg/kg
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AFSCA

AFSCA (Agence fédérale pour la sécurité de la chaine alimentaire)
(FASFC Federal agency for the Safety of the Food chain)

Fipronil in eggs
http://ww.afsca.be/businesssectors/foodstuffs/incidents/fipronil/

FAQ
1.

FASFC

0.005 mg/kg MRL(

0.009 mg/kg
0.73 mg/kg

BE 4

NL nVWA
https://ww.nvwa.nl/onderwerpen/biociden/fipronil-in-eieren/eicodelijst
6.

FASFC
10.

11.

( ) FASFC
FASFC

FASFC
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AFSCA

FASFC
FASFC
FASFC
)

MRLs

recall

2. Market withdrawal
( ) 3.
)
(PV)
(
3BE3114

FASFC
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BfR

BfR FAQS

PDF | 37.4 KB
http://www_bfr_bund.de/cm/349/frequently-asked-questions-about-fipronil-levels-in-foods-of-a
nimal-origin.pdf

( )

( ) 1 kg 1.2 mg
16.5 kg 1.7 ( 70g )

65 kg 7 (ARTD)
( 24 ) ARFD
1 10 kg
(ARTD) 1 1
ARTD
100
100
(ARTD)
ARTD 100 EU
ARfD  0.009 mg/kg ARD
kg
(ARTD)
ARTD
100
/
( ?)
(ARD) (EFSA PRIMo, Ver. 2)
ARTD
1.6 ARfD
( 1.2 mg/kg) BfR
ARTD
(DGE) 3

http://www.dge.de/ernaehrungspraxis/vol lwertige-ernaehrung/ernaehrungskreis/

( 120°C 20 )

Primo ARTD
0.72 mg/kg(

0.005 mg/kg ( )

EU
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FSA

FSA

Q8A
Q&A on Fipronil in eggs incident
https://www.food.gov.uk/sites/default/files/qafipronilineggs.pdf

(
EV

( )
FSA  FSS
FSA  FSS
FSA  FSS
FSA  FsS
FSA
FSA
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Fipronil crisis: Egg poison test results may have been wrong, analysis says

16 November 2017
https://www.farminguk.com/news/Fipronil-crisis-Egg-poison-test-results-may-have-been-wrong-analysis-says 47922.ht
ml

94% 6 1
JRC

RASFF
(0.023 mg/kg)

Eggs contaminated with fipronil — the food industry can’t get enough eggs
Saturday, 21 October 2017
http://www.brussel stimes.com/bel gium/9399/eggs-contami nated-with-fi pronil-the-food-industry-can-t-get-enough-eggs

Environmental risks of fipronil in manure: Risk assessment of manure application on soil

17-10-2017
http://www.rivm.nl/en/Documents_and_publications/Scientific/Reports/2017/oktober/Environmental_risks of fipronil
in_manure_Risk assessment_of manure_application_on_soil

RIVM

KA DOR—=J Y =BT 4 T a = LR ROns TIPRF v &L

Egg scandal continues with fipronil found in German bakery products

By Gill Hyslop 16-Oct-2017

https://www.bakeryandsnacks.com/Article/2017/10/16/Egg-scandal -conti nues-with-Fipronil-found-in-German-bakery-p
roducts

PEFNLT 4 T =V A xR v ANV E T TR BA Y A R EED
Egg industry draws up list of approved pesticides following fipronil scandal
9 October 2017
https://www.farminguk.com/news/Egg-industry-draws-up-list-of -approved-pesticides-fol lowing-fipronil-scandal_ 47596
html
(BEIC)
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Fipronil incident: a high-level meeting on the follow-up to the Fipronil incident was held in Brussels.
26 September 2017
https://ec.europa.eu/food/saf ety/rasff/fipronil-incident_en

Press Release: Commission and Member States agree on concrete measures against food fraud:
http://europa.eu/rapid/press-release STATEMENT-17-3486_en.htm
( :EC )
19

Conclusions: https://ec.europa.eu/food/sites/food/files/safety/docs/rasff_fipronil-incident_conclusions 201709.pdf

« )
1) EC

2) EU

3) EC

4) EC EU
5) EC

6) EU

7)
8) EC

9) EC
10) (EFSA: European Food
Safety Authority)
11) (RASFF: Rapid Alert System for Food and Feed)

(AAC: Administrative Assistance and Cooperation)

2

12) RASFF AAC 1
13) EU

14)RASFF  AAC
EU

15 RASFF  AAC

16) EU

2017 10 26
17) EC 10

18) EU
19) EU EC (EUROJUST:
European Judicial Co-operation Unit) (EUROPOL: European Police Office) RASFF-AAC-
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Video: Press point by Commissioner Vytenis Andriukaitis following the meeting:
https://ec.europa.eu/avservices/video/player.cfm?ref=1144012
( : Vytenis Andriukaitis )

Opening speech by Commissioner Andriukaitis:
https://ec.europa.eu/food/sites/food/files/safety/docs/rasff_fipronil-incident_speech 20170926.pdf
( Vytenis Andriukaitis )

Fipronil: ashock to the system
Keller and Heckman LLP
September 28 2017
https://www.lexology.com/library/detail .aspx?g=4317057f-9b59-4e81-86db-97b9788bab1le
EU
Keller & Heckman  KatiaMerten-Lentz

2017 7 24 EU

Chickfriend
Poultry-Vision

RASFF
EU

Lower Saxony Christian Meyer
2800 FSA 70

WHO

Lion Egg
EU
EU

2016 11

Conclusions from the Ministerial Conference on the follow up of the fipronil incident

Brussels, 26 September 2017
https://ec.europa.eu/food/sites/food/files/safety/docs/rasff_fipronil-incident_conclusions_201709.pdf
19

Member States could each get ‘food safety officer'
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By Joe Whitworth 26-Sep-2017
http://www.foodgualitynews.com/Regul ation-and-safety/RA SFF-and-A A C-systems-under-scruti ny-fol lowing-fipronil

RASFF AAC
Fipronil in eieren
http://www.rivm.nl/Onderwerpen/F/Fipronil_in_eieren

http://www.rivm.nl/dsresource?obj ectid=40f 1c98f-9cf0-4129-8b41-558h72c8cela& type=pdf & disposition=inline

Update on Fipronil in eggs
21 September 2017
https://www.food.gov.uk/news-updates/news/2017/16553/update-on-fipronil-in-eggs

1
https://www.food.gov.uk/sites/defaul t/files/li stof productswithdrawn21092017.pdf
215000 Plovdiv
215,000 Eggs Containing Fipronil Were Found in Plovdiv

September 19, 2017, Tuesday
http://www.novinite.com/articles/183389/215%2C000+Eggs+Contai ning+Fipronil+Were+Found+in+Plovdiv

215000 Plovdiv
, Kamen Yankov
-RASFF 600 Andriukaitis
Almost 600 fipronil aertsin RASFF — Andriukaitis

15-Sep-2017
http://www.foodgualitynews.com/Regul ation-and-safety/ Andri ukaitis-and-M EPs-on-fipronil -in-eggs-and-mest-crisis

RASFF 600

Update on Fipronil in eggs
14 September 2017
https://www.food.gov.uk/news-updates/news/2017/16526/update-on-fipronil-in-eggs

4

https://www.food.gov.uk/sites/defaul t/files/listof productswithdrawn_1.pdf

6600
Fipronil saga cost Dutch poultry industry over €66m
Sep 12, 2017
http://www.poultryworld.net/Heal th/Articles/2017/9/Fipronil-saga-cost-Dutch-poul try-industry-by-at-over-66m-182711
E/

Eric Hubers
11
Hubers
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Chick Friend

20% 200
-2 3
Three egg farms to remain closed after testing positive in second fipronil test
Paul Cocks
11 September 2017,

http://www.maltatoday.com.mt/news/national/80403/three_egg farms to _remain_closed_after_testing_positive in_sec
ond_fipronil_test#.WbjXydOQxaQ

5 3
Update on Fipronil in eggs
7 September 2017
https://www.food.gov.uk/news-updates/news/2017/16486/update-on-fipronil-in-eggs

26

https://www.food.gov.uk/sites/defaul t/fil es/productswithdrawnrevised070920172. pdf

01-09-2017 - 11:26
Fipronil egg contamination scandal and consequences for the food chain: update
http://www.europar!.europa.eu/committees/en/agri/home.html

(Direction Générale Santé et sécurité alimentaire: DG SANTE)
(Committee on Agriculture and Rural Development: AGRI Committee)
EU EU
2017.8.31
EU
AGRI Committee

Update on Fipronil in eggs

31 August 2017
https://www.food.gov.uk/news-updates/news/2017/16469/update-on-fipronil-in-eggs
8
15%
EU
-5

Eggs packed at five local farms had low traces of Fipronil; no negative health effects expected
Thursday, 31 August 2017,
http://www.independent.com.mt/articles/2017-08-31/l ocal-news/Eggs-packed- at-five-local -farms-had-low-traces-of -Fip
ronil-no-negative-health-effects-expected-6736178501
5
8 7 8 16-18
6 14 20

20 8 6 2
0.024-0.21mg/kg RfD0.72 mg/kg
0.72 mg/kg
0.005mg/kg
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Contaminated egg scandal rumbles on, fipronil found in Romanian eggs

August 31, 2017

http://www.dutchnews.nl/news/archives/2017/08/contami nated-egg-scandal -rumbl es-on-fipronil-found-in-romanian-eg
o9/

EU 22
1.2 mg/kg
Chickfriend NOS
Chickfriend
NOS
AEYLPR A X v o Z LD BT B D FERKIT 2016 EU

Fraud behind tainted-eggs scandal began in 2016: EU

August 31, 2017

https://medi cal xpress.com/news/2017-08-fraud-tainted-eggs-scandal -began-eu.html

EU 2016 9 34

Sabine Juelicher EU 28 22
9

T 4 T a = a2 1 S OFEWE 2O R T U Do ?
Fipronil crisis: Why should we keep on using these toxic substances?
http://www.euractiv.com/secti on/agri cul ture-food/opi nion/fi pronil -crisis-why-shoul d-we-keep-on-using-these-toxic-sub
stances/
Martin Dermine  EU

AFSCA (Agence fédérale pour la sécurité de la chaine alimentaire)
(FASFC Federal agency for the Safety of the Food chain)

Fipronil in eggs
http://www.af sca.be/businesssectors/foodstuffs/i ncidents/fipronil/
FAQ
FAQ

Fipronil in eggs
http://www.af sca.be/businesssectors/foodstuffs/i ncidents/fipronil/

Egg sales recover following fipronil scandal
August 28, 2017
http://www.dutchnews.nl/news/archives/2017/08/egg-sa es-recover-foll owing-fipronil -scandal/
2
80%

B RAINAFAREZR 2 & DINE YO JRIR

Availability of insecticide may be cause of egg contamination
2017/08/26

http://focustai wan.tw/news/asoc/201708260013.aspx
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A B Y TEENT ¢ T a =5 YRE 9
The Italian Police Seized over 90,000 Eggs Infected with Fipronil
August 24, 2017, Thursday
http://www.novinite.com/articles/182611/T hetl talian+Poli ce+Sei zed+over+90%2C000+Eggs+I nfected+with+Fipronil
DPA 9
Ancona 6000 Viterbo 32000 85000
114 2

(RASFF )
HEFINOEEED T 4 T u = VBRI T = v 795
China says will check egg producers for use of fipronil insecticide
August 25, 2017

https://www.reuters.com/articl e/us-europe-egg-china-idUSK CN1B50B X

Updated assessment of the health risks posed by longer-term consumption of foods contaminated with fipronil
Updated BfR Communication No. 023/2017 of 21 August 2017
http://www.bfr.bund.de/cm/349/updated-assessment-of - the-heal th-ri sks-posed- by-longer-term-consumption-of-foods-co
ntaminated-with-fipronil.pdf

(BfR)

(NVSII Model  EFSA PRIMo (Ver.2))
ADI (0.0002mgkg /)

ADI
39% 12% 40% ADI
ADI
BfR
2017 8 11
NEDI
3/4(75 )
BfR ( )
BfR
2017 8 17 BfR
Lower Saxony 5 M ecklenburg-Western Pomerania 1
2 36 ( ) 6
36 17 (0.005 mg/kg)
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(0.0181 mg/kg) 3/4 (0.0125 mg/kg)

EU

BfR
( ) 2009
ADI 0.1%
NVSII
ADI  (0.0002 mg/kg /)
ADI 39% 2-4

EFSA PRIMo model (Ver.2)

ADI

ADI

Update on Fipronil in eggs
24 August 2017

2014

14,000

40%

https://www.food.gov.uk/news-updates/news/2017/16463/update-on-fipronil-in-eggs

FSA
15%
EU

85%

https://www.food.gov.uk/sites/defaul t/files/listproductswithdrawnrevised24082017. pdf
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Companies taking active efforts to trace eggs and egg products

18.8.2017

https://www.evira.fi/en/foodstuff/current-issues/2017/yrityk set-aktiivisia-kananmunien-ja-munaval mistei den-jaljittamis
essal

Evira

Evira

Evira Leena Résdnen
Evira
Evira

Riésdnen

IREREN AT X DFEERFIT 3300

Egg Scare Costs Dutch Poultry Farmers 33 Million Euros

August 24, 2017

http://www.ndtv.com/world-news/egg-scare-costs-dutch-poul try-farmers-33-million-euros- 1741302

18
3300 3900 1600
1700
Edith Schippers Martijn van Dam

AHYIIN RS TR O o T2

Tainted eggs found at farms

Wed, Aug 23, 2017

http://www.tai peitimes.com/News/front/archives/2017/08/23/2003677007

86200
FDA 10
2 153ppb 22ppb 5ppb
45 3
2000
KMT, 4

KMT 0% 8% 13 FDA
0.1%
"I H72% EU
More EU food contamination scare: Now CHICKENS found containing fipronil
Tue, Aug 22, 2017

http://www.express.co.uk/news/world/844431/Chicken-food-scare-fipronil -poul try-Pol and-eggs-European-Commission
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5000

AL ADINCTT 4 T e = E R
BVL
Kein Fipronil in Schweizer Eiern
Bern, 21.08.2017
https://www.blv.admin.ch/blv/de/home/dokumentation/nsb-news-list.msg-id-67795.html

DGCCRF
Contamination d’ceufs par du fipronil : une premiére liste de produits retirés du marché publiée - 18/08/2017

https://www.economie.gouv.fr/dgccrf/contaminati on-doeuf s-par-fipronil-premi ere-liste-produits-retires-marche-publiee

https://www.economie.gouv.fr/files/files/directions_services/dgcerf/actualites/170817_retrait_fipronil.pdf

JRFERTT T A THEE S NI AN YL DRI 0 ) A b & FER
Ministry of Agriculture releasesfirst list of products tainted with the insecticide that have been sold in France
https://www.connexionfrance.com/French-news/List-of-fipronil -tai nted-products-published

17 MRL

PNfERE - 7 4 7 r = L OIERRNE 2016

Egg crisis: Fipronil traces found in eggs from 2016

2017 8 18
https://www.euractiv.com/section/agriculture-food/news/egg-crisis-fipronil-traces-found-in-eggs-from-2016/
8 17 2016 9

Herman Diricks 2016 9
14 1 0,005mg/kg 2016
12
2017 1 2017 1 5 35 10
8 18
DEGA-16

Update on Fipronil in eggs
17 August 2017
https://www.food.gov.uk/news-updates/news/2017/16442/update-on-fipronil-in-eggs

https://www.food.gov.uk/sites/defaul t/files/productswithdrawn17082017.pdf

DT 4 T a = VIOV T D Q&A

Q& A on Fipronil in eggsincident

https://www.food.gov.uk/sites/defaul t/files/qafipronilineggs.pdf
FAQ

Health risk assessment concerning the consumption of eggs contaminated with fipronil

171

10

14



17/08/2017
https://www.anses.fr/en/content/heal th-ri sk-assessment-concer ning-consumpti on-eggs-contami nated-fipronil
ANSES

7 20
ANSES 2017 8 7
10
ANSES
(1.2mg/kg ) 1 11
3 10 ( )
(kg) (mglkg )
701,210
11 17 5412<8
3 10 251,2<3
3 14512<2
1 3 12412<1

Nombre d’ceufs pouvant étre consommés pour que 1’exposition reste inférieure a la valeur toxicologique de référence
aigué (ARfD de 0,009 mg/kg pc)

(MRLSs)
ANSES
0.175 mg/kg
( 1
)
ANSES

ANSES
ANSES (MRL)

MRL
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Initial preliminary assessment of the health risks posed by longer-term consumption of foods contaminated with fipronil
BfR Communication No. 021/2017 of 11 August 2017
http://www.bfr.bund.de/cm/349/initial - preliminary-assessment-of -the-heal th-ri sk-posed-by-longer-term-consumption-of
-foods-contaminated-with-fipronil.pdf

BfR

NVSII Model EFSA PRIMo(Ver.2)
ADI (0.0002mgkg /)
ADI  76% 24%
74%
ADI

EU

Imported EU eggs withheld from sale

August 14, 2017

http://www.news.gov.hk/en/categories/heal th/html/2017/08/20170814 223042.shtml

‘EU

Even EU Regulators Can't Stamp Out Food Scandals

by Therese Raphael 2017 8 17
https://www.bloomberg.com/view/articles/2017-08-17/even-eu-regul ators-can-t-stamp-out-food-scandal s

EU

13%

ABYINA X L Z LS R A Y CEIRH AT
Tainted egg scandal sparks political row in Germany

2017 8 17
https://www.euractiv.com/secti on/agriculture-food/news/tai nted-egg-scandal -sparks-political -row-in-germany/
1070 Lower Saxony 3500
Christian Meyer
Ccsu Christian Schmidt Meyer 9 10
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Supplier to the Queen is caught in toxic egg scandal: Firm is one of five forced to withdraw liquid products by food

watchdog
http://www.dailymail.co.uk/news/article-4801070/Supplier-Queen-caught-toxi c-egg-scandal .html
Foodspeed FSA
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SMC UK

expert reaction to fipronil-contaminated egg scandal in Europe

August 17, 2017

http://www.sciencemediacentre.org/expert-reaction-to-fi pronil-contaminated-egg-scandal -in-europe-3/

Queen’ sUniversity Belfast Chris Elliott
FSA
EU
Imperial College London Alan Boobis
EFSA
FSA
Lancaster Crispin Halsall

Fipronil egg scandal: Two men face Dutch court
15.08.2017
http://www.dw.com/en/fipronil-egg-scandal -two-men-face-dutch-court/a-40103950

31 MartinvandeB 24 MathijsI.J. Zwolle
Chickfriend

17
Chickfriend 8
Dega 16
Poultry Vision

2016 11
R SNV — OB IR R B AR S Tun iy

No Belgian chicken meat has tested positive for banned insecticide
By Oscar Rousseau 15-Aug-2017

http://www.global meatnews.com/I ndustry-M arkets/N o-Bel gian-chi cken-meat-has-tested-positive-for-fipronil

FASFC
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Fipronil in foods containing eggs: Estimations of maximum tolerable daily consumption
BfR Communication No. 019/2017 of 10 August 2017
http://www.bfr.bund.de/cm/349/fipronil -in-foods-contai ning-eggs-esti mati ons-of -maxi mum-tol erable-daily-consumptio

n.pdf
BfR
BfR
1.2mg
ARfD 0.72 mg/kg
0.45 mg/kg
[BfR] FAQ

Frequently asked questions about fipronil levelsin foods of animal origin
Updated BfR FAQ of 9 August 2017
http://www.bfr.bund.de/en/frequently _asked questions_about_fipronil_levels in foods of animal_origin-201492.html
(BfR)
RASFF
(http://www.bfr.bund.de/cm/349/heal th-assessment-of -i ndividual -measurements-of - fipronil -l evel s-detected-in-foods-of -
animal -origin-in-belgium.pdf PDF-File (85.4 KB)).
Q&A
FAQS
PDF | 37.4KB
http://www.bfr.bund.de/cm/349/frequently-asked-questions-about-fi pronil -level s-in-foods-of -ani mal -ori gin. pdf
FAQ

M AT XD T RIERE A &R LT
Experts: Netherland's frugal ways caused egg scare
https://www.dailysabah.com/busi ness/’2017/08/15/experts-netherlands-frugal -ways-caused-egg-scare

EU
NVWA 11

Marcel

van Silfhout
AFP van Silfhout 2014 NVWA NVWA

Martin van den Berg
NVWA
van Silfhout
2003 NVWA
2003 NVWA 3700
10 2200 2600

77U A ST — O N IR B A OREE SN D

Belgian chicken meat exported to Africaistested for banned insecticide

Monday 14 August 2017 12.51 BST

https://www.theguardian.com/worl d/2017/aug/14/chicken-meat-exported-afri ca-bel gium-tested-insecti cide-fipronil
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EU
Information note on EU measures concerning theillegal use of fipronil on some poultry farms (10 August 2017)
11/08/2017
http://ec.europa.eu/newsroom/sante/ newsl etter-specific-archive-issue.cfm?newsl etter_service id=327& lang=default

2017 7 20 RASFF (Dermanyssus gallinae)
EU
4 1 2017 1
EU EU
EU
EU EU
EU MRL 0.005 mg/kg

[ProMED] 3
Fipronil contamination - table eggs (03): Europe, Asia (Hong Kong)

2017-08-13
http://www.promedmail .org/post/5247343
Date: Fri 11 Aug 2017 09:08PM  Source: Channel NewsAsia [edited]
EU 15 2017
9 6 EU

Vytenis Andriukaitis

EC Mina Andreeva 9
EU WHO
EU 15
EU
2016 11
Edith Schippers 8 10
2016 11
Chickfriend
NPO Nick Hermens
Poultry Vision ~ Chickfriend
8 10 Chickfriend 2
6 2
8 1 2 22
4 4 25
2013
1999 1986-1998
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Fipronil contamination - table eggs: (02) France, Netherlands, Belgium, Germany, recall
2017-08-11

http://www.promedmail .org/post/5242442

Date: Wed 9 Aug 2017 16:35 CEST  Source: Ouest-France [in French trans. Corr.SB, edited)]
Pas-de-Calais

[FSA]

Update on Fipronil in eggs

10 August 2017
https://www.food.gov.uk/news-updates/news/2017/16427/update-on-fipronil-in-eggs-10-august

very unlikely

21000 70
0.007%

https://www.food.gov.uk/sites/defaul t/files/listof productswithdrawn_0.pdf

EU 15
Eggs containing fipronil found in 15 EU countries and Hong Kong
11 August 2017
http://www.bbc.com/news/world-europe-40896899
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expert reaction to fipronil-contaminated egg scandal in Europe

August 10, 2017

http://www.sciencemediacentre.org/expert-reacti on-to-fipronil-contaminated-egg-scandal -in-europe-2/

Queen’ sUniversity Belfast Chris Elliott
Imperial College London Alan Boobis
1
EFSA 1
EFSA FSA
Elliott Review Michael Walker

FSA

Health assessment of the first analysis results on fipronil levelsin foodsin Germany

177

70
FSA



Updated Communication No. 017/2017 of 8 August 2017
http://www.bfr.bund.de/cm/349/heal th-assessment-of -the-first-analysi s-resul ts-on-fipronil-level s-in-foods-in-germany.p
df

2017 7 30 BfR RASFF
0.45 mg/kg
ARfD 0.72 mg/kg 0.45 mg/kg ARfD 62%
NGO - AT PG Lo, AL XF—RNE D
Contaminated eggs: Netherlands failed to sound alarm, says Belgium
Daniel Boffey in Brussels
Wednesday 9 August 2017
https://www.theguardian.com/worl d/2017/aug/09/contami nated-eggs-netherl ands-fail ed-to-sound-al arm-says-bel gium
11
Denis Ducarme 2016 11
Ducarme
8 1 180
ChickFriend Poultry-Vision
6
Ducarme 6
EU
NVWA 11
2016 11
NVWA  RobvanLint
NVWA
Carsten Reymann 11
Ducarme

EU  VytenisAndriukaitis

CRAYVERBRE IR Ty o H 0T TSR]

German agriculture minister: Eggs scandal isa ‘criminal’ case

http://www.euractiv.com/secti on/agricul ture-food/news/german-agriculture-mini ster-eggs-scandal -is-a-criminal -case/
8 8

ARD Christian Schmidt

Chickfriend

‘I 7 4 7 a =)L RASFF
Notification details - 2017.1065
fipronil (between 0.0031 and 1.2 mg/kg - ppm) in eggs
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https://webgate.ec.europa.eu/rasff-window/portal/7event=notificationDetail &« NOTIF_REFERENCE=2017.1065
83
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SMC UK

expert reaction to fipronil-contaminated egg scandal in Europe

August 8, 2017

http://www.sciencemediacentre.org/expert-reaction-to-fipronil-contami nated-egg-scandal -i n-europe/

Queen’ sUniversity Belfast Chris Elliott

DT 4 T =)r

RIVM

Fipronil in eggs
http://www.rivm.nl/en/Topics/F/Fipronil_in_eggs

NVWA
Fipronil in eieren van leghennen
https://www.nvwa.nl/onderwerpen/biociden/fipronil-in-eieren

L — OB BRI STl &2 O T 4 7 e = L O

BfR

Health assessment of individual measurements of fipronil levels detected in foods of animal origin in Belgium

BfR Opinion No. 016/2017 of 30 July 2017

http://www.bfr.bund.de/cm/349/heal th-assessment-of -indivi dual -measurements-of -fi pronil-level s-detected-in-foods-of -a
nimal -origin-in-belgium. pdf

RASFF BfR
0.0031 1.2 mg per kg 0.0015 0.0156 mg per kg EFSA 2006
2 7
ARD 0.009 mg per kg bw
1.2mg/kg ARfD

PO T 4 T = AT DN T HHT

FSA

Update on Fipronil in eggs

7 August 2017
https://www.food.gov.uk/news-updates/news/2017/16423/update-on-fipronil-in-eggs
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0.0001%
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ProMED-mail

Fipronil contamination - table eggs: Netherlands, Belgium, Germany, recall

2017-08-06

http://www.promedmail .org/post/5230542

[1]Date: Fri 4 Aug 2017, 4:08 PM  Source: Times of Malta, Reuters report [edited]

8 4
WHO
Dega 16
50
NVWA
180
REWE  Penny
Aldi
Dega 16

[2]Date: Fri 4 Aug 2017 Source: EurActiv, Agence France-Presse (AFP) [edited)]

NVWA
NVWA
redlice
Chickfriend
Chickfriend
AFSCA
2016 11 19
NVWA
NVWA
T4 T
AFSCA

85%

Aldi 4000
2017 7

Lower Saxony

Fipronil - Les résultats connus jusqu’au jour d’aujourd’hui 07.08.2017 confirment qu’il n’y a actuellement pas de danger

pour la santé publique (07/08/2017)
07.08.2017 http://www.af sca.be/communiquesdepresse/2017/2017-08-07.asp

Fipronil dans les ceufs (05/08/2017)
http://www.af sca.be/communi quesdepresse/2017/2017-08-05.asp
Fipronil dans les ceufs (03/08/2017)
http://www.af sca.be/communi quesdepresse/2017/2017-08-03.asp
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Fipronil dans les ceufs
http://www.af sca.be/nosaliments/oeuf s/fipronil/

AT U OFEBANGIIC L DY 2 — ez I OA R D
Food safety news

Dutch egg recall for insecticide contamination spans the globe
By News Desk | August 8, 2017

“ D%a 16)1
7 20
FSA
0.064 0.055ppm
180
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Taipei ordersrecall of 37,800 eggs for fipronil

Tue, Sep 19, 2017

http://www.tai peitimes.com/News/front/archives/2017/09/19/2003678717

37800
41 45 10ppb
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(RASFF )
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China says will check egg producers for use of fipronil insecticide
August 25, 2017

https://www.reuters.com/articl e/us-europe-egg-china-idUSK CN1B50B X
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(GP)

AHYIIN RS T RO o T2
Tainted eggs found at farms
Wed, Aug 23, 2017
http://www.tai peitimes.com/News/front/archives/2017/08/23/2003677007
86200

FDA 10
2 153ppb 22ppb 5ppb
45 3
2000
KMT, 4
KMT O3 #2213 FDA

0.1%

CEBOINCERIED 7 4 T RO T A
Excessive amounts of Fipronil found in Taiwan eggs: officia
2017/08/22
http://focustaiwan.tw/news/asoc/201708220005.aspx

R EN 375 YO 75 PE S &

Koreato reform livestock industry following tainted eggs
Updated : Aug 20, 2017 By Jung Min-kyung
http://www.koreaherald.com/view.php?ud=20170820000227

Moon Jae-in
Lee Nak-yon

Kim Ju-han 10

EEO/NEEE N —EOINNG 7 ¢ T r = A S TIRDRTE A H Ak
Korean retailers stop egg sales after fipronil found in some eggs
Updated : Aug 15, 2017
http://www.koreaherald.com/view.php?ud=20170815000109
E-mart, Homeplus LotteMart CU
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