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1

1.1

2009 2

4 3

DDT

BHC PCB

Persistent Organic

Pollutants POPs 2004

5

12

PBDE PBB

PFOS

9 2009

GC

LC MS

GC-MS LC-MS

GC×GC

GC×GC

GC

 GC×GC ECD

LRMS

PCB

HRMS

HRMS

TOFMS

GC×GC

( )

HRTOFMS
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DXNs

POPs

POPs

PFOS PFOA

FTAs

PFCs

PFCs

PCBs

PCBs

PCBs PCBs HO-

PCBs

HO-

PCBs 837

HO-

PCBs

GC×GC

TOFMS

1.2

1 POPs

DXNs POPs GC×GC

TOFMS

HCHs BHC

PAHs DXNs

POPs DXNs PAHs TD

2 PFCs

PFCs

GC/MS Py-GC/MS

FTAs

GC/MS

3 HO-PCBs

HO-PCBs

GC×GC/TOFMS

PCBs

HO-PCB

GC
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2

2.1 GC GC-HRTOFMS

2.1.1

polychlorinated

dibenzo-p-dioxins; PCDDs

polychlorinated dibenzofurans; PCDFs

2,3,7,8-

2,3,7,8-tetrachlorinated dibenzo-p-dioxin; TCDD

TEQ

1, 2

GC×GC

3-5  6-8

GC

×GC GC

PCBs  9-14

PBDEs 11, 14, 15

16 PAHs 9, 17, 18

11, 12  19-21

GC×GC

GC×GC

ECD 10, 12,13, 15, 19, 22, 23

LRMS 3-8, 10-21, 23-26

PCB

HRMS

HRMS

GC×GC

HRTOFMS

 8, 11, 14, 21, 23, 26

GC×GC HRTOFMS

GC×GC-HRTOFMS

2.1.2

2.1.2.1

13C

2,3,7,8 PCDDs PCDFs

EPA-1613CVS 13C

2,3,7,8 PCDDs PCDFs NK-

LCS-A

PCB

2.1.2.2

NIES

CRM No.17

3 100μL

5 ng 13C PCDD/Fs

GC×GC- HRTOFMS

5 g 44

100mL

100μL

0.5g

100mL 25 v/v /

100mL
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5

JISK0311-2005 27

2

500pg 13C PCDD/Fs

100μL GC×GC-

HRTOFMS

13C PCDD/Fs JISK0311-

2005

GC-

HRMS

2.1.2.3

1 GC GC-HRTOFMS

KT-2004 Zoex 6890GC

JMS-T100GC

GC GC-HRTOFMS

KT-2004

JMS-T100GC m+ /

5000 25Hz

GC×GC InertCap 5MS/Sil

60M 0.25mm 0.1μm 5 -

/ InertCap

17MS/Sil 1.5m 0.075mm 0.1μm 50

- /

GC×GC-HRTOFMS

1

2 GC-HRMS

GC-HRMS

6890GC JMS-700D

HRMS GC

SP-

2331 60M 0.25mm 0.2μm

DB-17 30m 0.32mm

0.25μm 50 - /

2

2.1.2.4 GC GC-HRTOFMS

GC×GC-HRTOFMS

MS-Excel

GC×GC-HRTOFMS

Excel 1 GC 2 GC

m

m

1 GC×GC-HRTOFMS

GC×GC

Instrument Agilent 6890 GC

GC×GC Zoex KT2004

1st column GL Science InertCap 5MS/Sil (60 m length, 0.25 mm i.d., 0.1 μm film thickness)

2nd column GL Science InertCap 17MS/Sil (1.5 m length, 0.075 mm i.d., 0.1 μm film thickness)

Oven program from 100 holding for 1 min

to 270 at rate 2  min–1 holding for 0 min

to 300 at rate 5  min–1 holding for 9 min

Injection volume: 1 μl temp: 280 method: splitless

Carrier gas type: He mode: constant flow initial head pressure: 638.5 kPa

Modulation period: 3 sec releasing: 0.3 sec

HR-TOFMS

Instrument   JEOL JMS-T100GC

Ion source temp: 250 ionizing voltage: 35 V ionizing current: 600 μA

Analyzer resolution: 5000 recording range: 35 - 550 m/z cycle: 25 Hz

Detector MCP voltage: 2700 V
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JMS-

T100GC

DataManager

AIA .cdf Mass

Transit ver.2.6.2 Palisade .csv

15GB

m/z=35-550 25Hz 65 100MB

2.1.3

2.1.3.1 GC GC

GC×GC-HRTOFMS

PCDD/Fs

GC×GC

Rtx-50 BPX-5 21) Rtx-Dioxin2 Rtx-500 28) DB-XLB

LC-50 19, 20) Rtx-Dioxin2 Rtx-PCB 29) GC

GC

5 - /

60m

0.25mm  3 GC×GC

75

JMS-

T100GC 0.04 25Hz

3

1.5m

0.075mm 50 - /

TCDD TEF

17

1 PeCDFs

m/z=339.8597

GC 5MS

2,3,4,7,8- PeCDF 30)

2

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

HxCDF 5 MS

1,2,3,6,8,9-HxCDF

GC

TCDD

3

TEF GC×GC

1

GC

2 GC-HRMS

GC

Instrument Agilent 6890 GC

Column Spelco SP2331 (60 m length, 0.25 mm i.d., 0.2 μm film thickness)  (for 4-6Cl DD/Fs)

J&W DB-17 (30 m length, 0.32 mm i.d., 0.25 μm film thickness)  (for 7,8Cl DD/Fs)

Oven program  (for 4-6Cl DD/Fs)

from 100 holding for 1 min

to 200 at rate 20  min–1 holding for 0 min

to 260 at rate 2  min–1 holding for 24 min

 (for 7,8Cl DD/Fs)

from 100 holding for 1 min

to 280 at rate 20  min–1 holding for 10 min

Injection volume: 1 μl temp: 280 method: splitless

Carrier gas type: He mode: constant flow flow rate: 1.5 ml min–1

HRMS

Instrument  JEOL JMS-700D

Ion source temp: 260 ionizing voltage: 40 V ionizing current: 500 μA

Analyzer resolution: 10000 mode: SIM

Detector EM voltage: 1250 V
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1 PeCDF GC×GC-HRTOFMS 1 2 SIM m/z=339.8597
GC 2,3,4,7,8-PeCDF 1,2,4,8,9-/1,2,3,6,9-PeCDFs * GC×GC

3 GC×GC

2,3,7,8-TCDD
1

Retention Time Relative Retention Time*

on 1st GC on 2nd GC on 1st GC on 2nd GC
mean

 (n=12) SD RSD
mean

 (n=12) SD RSD

min min msec msec

2,3,7,8-TCDD 34.32 0.151 0.441 1425 115 8.10 1.024 0.805

1,2,3,7,8-PeCDD 40.56 0.187 0.462 2699 97 3.59 1.210 1.525

1,2,3,4,7,8-HxCDD 46.37 0.172 0.372 863 174 20.2 1.383 0.488

1,2,3,6,7,8-HxCDD 46.59 0.180 0.386 926 169 18.3 1.389 0.523

1,2,3,7,8,9-HxCDD 46.99 0.186 0.396 1201 211 17.6 1.401 0.679

1,2,3,4,6,7,8-HpCDD 52.34 0.130 0.248 566 106 18.7 1.561 0.320

OCDD 56.70 0.087 0.153 333 86 25.7 1.691 0.188

2,3,7,8-TCDF 33.53 0.142 0.424 1769 109 6.19 1 1

1,2,3,7,8-PeCDF 38.68 0.185 0.479 2735 121 4.42 1.153 1.546

2,3,4,7,8-PeCDF 40.16 0.183 0.457 2870 104 3.62 1.198 1.622

1,2,3,4,7,8-HxCDF 44.80 0.179 0.399 943 224 23.7 1.336 0.533

1,2,3,6,7,8-HxCDF 45.02 0.193 0.430 953 206 21.6 1.343 0.538

1,2,3,7,8,9-HxCDF 47.54 0.192 0.403 2037 154 7.56 1.418 1.151

2,3,4,6,7,8-HxCDF 46.08 0.182 0.394 1448 204 14.1 1.374 0.818

1,2,3,4,6,7,8-HpCDF 50.30 0.178 0.353 1713 155 9.06 1.500 0.968

1,2,3,4,7,8,9-HpCDF 53.15 0.122 0.230 854 131 15.3 1.585 0.482

OCDF 56.89 0.085 0.150 928 106 11.4 1.697 0.525
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2.1.3.2 GC GC-MS

JMS-T100GC

GC

×GC GC×GC-HRTOFMS

Microsoft Visual Basic for

Application VBA GC×GC-

HRTOFMS

MS-Excel

1

2

PCDD/Fs

2.1.3.3

JMS-T100GC

5,000 m/z=500

14, 15, 28 GC×GC-TOFMS

GC×GC-HRTOFMS

GC×GC

HRTOFMS

3 HRTOFMS

40.28

PeCDFs M+ m/z=337.8678

m/z=

338.2026 337.3844 JMS-

T100GC 4

300

5000 PeCDFs

2 GC×GC-HRTOFMS

PeCDFs
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3 GC×GC-HRTOFMS
335 – 346 (m/z) 40.28
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300

5000

PeCDFs

2.1.3.4 GC GC-HRTOFMS

GC GC-HRTOFMS

1 μL

EPA-1613CVS

IDL RF RRF

RRF 13C

OCDF

13C-OCDF

RF RRF

RSD 15.0-102 1.99-19.0

4

1 GC×GC-HRTOFMS

JIS K011 RRF RSD 10  27

4 RF RRF

 1  
 2  
 3  

1 2

Response Factor
(response pg–1) Relative Response Factor1

mean
 (n=12) SD2 RSD3 mean

 (n=12) SD RSD

2,3,7,8-TCDD 21381 7387 34.6 1.154 0.183 15.8
1,2,3,7,8-PeCDD 17515 3740 21.4 0.973 0.019 1.99
1,2,3,4,7,8-HxCDD 13809 2158 15.6 0.747 0.129 17.3
1,2,3,6,7,8-HxCDD 9543 3462 36.3 0.953 0.112 11.8
1,2,3,7,8,9-HxCDD 12115 2231 18.4 0.735 0.140 19.0
1,2,3,4,6,7,8-HpCDD 8788 2180 24.8 0.949 0.148 15.6
OCDD 6263 3014 48.1 0.945 0.119 12.6
2,3,7,8-TCDF 24773 5142 20.8 0.975 0.072 7.40
1,2,3,7,8-PeCDF 28597 5616 19.6 0.976 0.034 3.49
2,3,4,7,8-PeCDF 27645 5576 20.2 0.995 0.028 2.86
1,2,3,4,7,8-HxCDF 21618 3572 16.5 0.947 0.082 8.68
1,2,3,6,7,8-HxCDF 22879 3494 15.3 0.935 0.044 4.72
1,2,3,7,8,9-HxCDF 14414 2385 16.5 0.826 0.095 11.6
2,3,4,6,7,8-HxCDF 18876 3118 16.5 0.922 0.075 8.13
1,2,3,4,6,7,8-HpCDF 16586 2495 15.0 0.925 0.059 6.39
1,2,3,4,7,8,9-HpCDF 10507 2254 21.5 0.812 0.116 14.2
OCDF 4235 4323 102 - - -
13C12 –2,3,7,8-TCDD 18150 4106 22.6
113C12 –1,2,3,7,8-PeCDD 17998 3783 21.0
13C12 –1,2,3,4,7,8-HxCDD 18890 3699 19.6
13C12 –1,2,3,6,7,8-HxCDD 10166 4126 40.6
13C12 –1,2,3,7,8,9-HxCDD 16829 3359 20.0
13C12 –1,2,3,4,6,7,8-HpCDD 9296 1923 20.7
13C12 –OCDD 6567 3042 46.3
13C12 –2,3,7,8-TCDF 25536 5221 20.4
13C12 –1,2,3,7,8-PeCDF 29257 5279 18.0
13C12 –2,3,4,7,8-PeCDF 27721 5116 18.5
13C12 –1,2,3,4,7,8-HxCDF 23043 4520 19.6
13C12 –1,2,3,6,7,8-HxCDF 24542 3988 16.3
13C12 –1,2,3,7,8,9-HxCDF 17611 3158 17.9
13C12 –2,3,4,6,7,8-HxCDF 20572 3576 17.4
13C12 –1,2,3,4,6,7,8-HpCDF 18039 3117 17.3
13C12 –1,2,3,4,7,8,9-HpCDF 13056 2697 20.7
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TCDD HxCDD HpCDD OCDD

5 2,3,7,8-TCDD OCDD 2,3,7,8-TCDF

ACM RCM

r2

1

JMS-T100GC

2

6

3

IDL 5

1 13pg

0.4 5 pg

1

5 GC×GC-HRTOFMS 2,3,7,8-TeCDD 2,3,7,8-TeCDF OCDD
ACM RCM

5 GC×GC-HRTOFMS

1
2
3
4 OCDD OCDF

IDL1 (pg)

ACM2 RCM3

2,3,7,8-TCDD 2 0.9

1,2,3,7,8-PeCDD 6 0.7

1,2,3,4,7,8-HxCDD 5 4

1,2,3,6,7,8-HxCDD 13 5

1,2,3,7,8,9-HxCDD 6 3

1,2,3,4,6,7,8-HpCDD 10 4

OCDD nc4 nc

2,3,7,8-TCDF 1 0.4

1,2,3,7,8-PeCDF 5 1

2,3,4,7,8-PeCDF 5 0.9

1,2,3,4,7,8-HxCDF 5 1

1,2,3,6,7,8-HxCDF 4 0.9

1,2,3,7,8,9-HxCDF 6 2

2,3,4,6,7,8-HxCDF 6 2

1,2,3,4,6,7,8-HpCDF 5 0.7

1,2,3,4,7,8,9-HpCDF 8 2

OCDF nc nc
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2.1.3.5 GC GC-HRTOFMS

GC×GC-HRTOFMS

NIES CRM No.17

2.1.2.2

GC-HRMS 6 3

GC×GC-MS

3D-TIC

3 3D-TIC

GC×GC

6 3 GC×GC -HRTOFMS TEF

GC-HRMS

GC×GC-HRTOFMS

TEF

3

2,3,7,8-TCDD

GC×GC-HRTOFMS GC-HRMS

PeCDF HxCDD/Fs

GC-HRMS

GC×GC-HRTOFMS

GC×GC-HRTOFMS

/ GC-HRMS 0.4

GC-HRMS

GC

GC×GC-

HRTOFMS

GC×GC-HRTOFMS

GC-HRMS

TEF GC-HRMS

5

GC×GC-HRTOFMS 3 EG-A B

D

7 GC×GC-HRTOFMS

0.1 0.2pg/m3

GC×GC-HRTOFMS

TEF 7

( r2=0.911)

GC×GC-HRTOFMS6 3

Fine Cleanup
Curtailed cleanup
Crude
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6 NIES CRM No.17

1
2
3
4  (n=24)
5 GC/HRMS
6

Measurement Method GC×GC/HR-TOFMS GC/HRMS4

Pretreatment
Fine cleanup1 Curtailed cleanup2 Crude3 Fine cleanup

conc.
 (ng ml–1) ratio5 conc. 

(ng ml–1)   ratio conc. 
(ng ml–1)   ratio conc. 

(ng ml–1)    SD6

2,3,7,8-TCDD 4.3 1.3 1.6 0.47 2.4 0.71 3.4 1.3

1,2,3,7,8-PeCDD 42 0.68 43 0.71 46 0.75 61 17

1,2,3,4,7,8-HxCDD 70 0.73 69 0.72 68 0.71 96 28

1,2,3,6,7,8-HxCDD 125 0.54 116 0.50 101 0.44 231 51

1,2,3,7,8,9-HxCDD 112 0.64 103 0.59 111 0.64 174 35

1,2,3,4,6,7,8-HpCDD 730 0.88 759 0.91 701 0.84 832 160

OCDD 439 0.78 449 0.80 488 0.86 564 100

2,3,7,8-TCDF 8.6 0.70 11 0.87 14 1.1 12 4.8

1,2,3,7,8-PeCDF 20 0.56 21 0.57 15 0.42 36 4.6

2,3,4,7,8-PeCDF 38 0.79 35 0.73 20 0.41 48 8.3

1,2,3,4,7,8-HxCDF 33 0.57 31 0.53 28 0.47 58 11

1,2,3,6,7,8-HxCDF 34 0.55 33 0.54 29 0.46 62 14

1,2,3,7,8,9-HxCDF 4.1 0.42 4.7 0.48 5.0 0.51 10 4.3

2,3,4,6,7,8-HxCDF 61 0.72 66 0.77 55 0.65 85 17

1,2,3,4,6,7,8-HpCDF 152 0.88 142 0.82 135 0.78 173 22

1,2,3,4,7,8,9-HpCDF 30 0.91 31 0.93 27 0.82 33 11

OCDF 74 0.75 75 0.76 61 0.61 99 21

7

1
2
3  273.15 K, 101.32 kPa
4 GC/HRMS

Method
Instrument
Pretreatment
Sample

GC×GC/HR-TOFMS
6890GC-JMST100GC

Crude

GC/HRMS1

6890GC-JMS700
Fine cleanup

EG-A EG-B EG-D EG-A EG-B EG-D

conc.3

(ng m–3)
ratio4 conc.

(ng m–3)
ratio

conc.
(ng m–3)

ratio
conc.

(ng m–3)

2,3,7,8-TCDD n.d.2 – 0.72 1.8 0.63 1.7 0.034 0.40 0.37

1,2,3,7,8-PeCDD 0.14 0.56 0.56 0.79 1.6 0.82 0.24 0.71 1.9

1,2,3,4,7,8-HxCDD 0.16 0.47 n.d. – 1.1 0.67 0.33 0.21 1.6

1,2,3,6,7,8-HxCDD 0.53 0.61 n.d. – 1.8 0.71 0.88 0.29 2.5

1,2,3,7,8,9-HxCDD 0.24 0.48 n.d. – 1.1 0.57 0.49 0.24 1.9

1,2,3,4,6,7,8-HpCDD 5.5 0.93 0.093 0.42 7.8 1.0 5.9 0.22 7.5

OCDD 4.5 0.81 n.d. – 3.8 0.89 5.5 0.080 4.3

2,3,7,8-TCDF 0.21 0.91 2.3 0.79 2.2 0.93 0.23 2.9 2.4

1,2,3,7,8-PeCDF 0.40 0.43 2.1 0.66 3.0 0.50 0.94 3.1 6.0

2,3,4,7,8-PeCDF 0.89 0.81 2.3 1.1 4.4 0.69 1.1 2.0 6.3

1,2,3,4,7,8-HxCDF 0.57 0.44 0.57 0.67 3.8 0.72 1.3 0.85 5.3

1,2,3,6,7,8-HxCDF 0.80 0.73 0.72 0.82 4.6 0.95 1.1 0.88 4.8

1,2,3,7,8,9-HxCDF 0.41 1.8 n.d. – 0.89 1.9 0.23 0.067 0.48

2,3,4,6,7,8-HxCDF 2.1 0.89 0.42 0.77 5.5 0.86 2.4 0.54 6.4

1,2,3,4,6,7,8-HpCDF 3.2 0.78 0.31 0.71 9.8 1.2 4.1 0.44 8.3

1,2,3,4,7,8,9-HpCDF 0.73 0.56 n.d. – 0.72 0.60 1.3 0.049 1.2

OCDF 3.6 0.82 n.d. – 1.4 0.85 4.4 0.047 1.6
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2.1.4

GC×GC-HRTOFMS

GC

GC

×GC TEF

TEF

GC×GC-HRTOFMS GC-HRMS

GC×GC-HRTOFMS

2

6

1) Masuzaki Y., Matsumura T., Ito H., Morita M. (2002)

Dioxin analysis for human blood by 10ml sample size,

Organohalogen Compd., 55, 203-206

2) Nording M., Nichkova M., Spinnel E., Persson Y., Gee

S.J., Hammock B.D., Haglund P. (2006) Rapid screening of

dioxin-contaminated soil by accelerated solvent extrac-

tion/purification followed by immunochemical detection,

Anal. Bioanal. Chem., 385, 357-366

3) Blomberg J., Schoenmakers P.J., Beens J. and Tijssen

R. (1997) Comprehensive two-dimensional gas chroma-

tography (GC×GC) and its applicability to the character-

ization of complex (petrochemical) mixtures, Hrc-Journal

of High Resol. Chromatogr., 20, 539-544

4)  von Muhlen C., Zini C.A., Caramao E.B. and Marriott

P.J. (2006) Applications of comprehensive two-dimen-

sional gas chromatography to the characterization of pet-

rochemical and related samples, J. Chromatogr. A, 1105,

39-50

5) Vendeuvre C., Ruiz-Guerrero R., Bertoncini F., Duval

L. and Thiebaut D. (2007) Comprehensive two-dimen-

sional gas chromatography for detailed characteris- ation

of petroleum products, Oil & Gas Science and Technol-

ogy-Revue De L Institut Francais Du Petrole, 62, 43-55

6) Bicchi C., D'Amato A. and Rubiolo P. (1999) Cyclodex-

trin derivatives as chiral selectors for direct gas chro-

matographic separation of enantiomers in the essential

oil, aroma and flavour fields, J. Chromatogr. A, 843, 99-

121

7) Adahchour M., Beens J., Vreμls R.J.J., Batenburg A.M.,

Rosing E.A.E. and Brinkman U.A.T. (2002) Application of

solid-phase micro-extraction and comprehensive two-

dimensional gas chromatography (GC×GC) for flavour

analysis, Chromatographia, 55, 361-367

8) Cajka T., Hajslova J., Cochran J., Holadova K. and Kli-

mankova E. (2007) Solid phase microextraction-compre-

hensive two-dimensional gas chromatography-time-of-

flight mass spectrometry for the analysis of honey vola-

tiles, Journal of Separation Science, 30, 534-546

9) Hyotylainen T., Kallio M., Hartonen K., Jussila M., Pal-

onen S. and Riekkola M.L. (2002) Modμlator design two-

dimensional for comprehensive gas chromatography:

Quantitative analysis of polyaromatic hydrocarbons and

polychlorinated biphenyls, Anal. Chem., 74, 4441-4446

10) Korytar P., Leonards P.E.G., de Boer J. and Brinkman

U.A.T. (2002) High-resolution separation of polychlorin-

ated biphenyls by comprehensive two- dimensional gas

chromato- graphy, J. Chromatogr. A, 958, 203-218

11) Focant J.F., Sjodin A. and Patterson D.G. (2003) Quali-

tative evaluation of thermal desorption-programmable

temperature vaporization-comprehensive two- dimen-

sional gas chromatography- time-of-flight mass spectro-

7 GC×GC-
HRTOFMS

GC-HRMS
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metry for the analysis of selected halogenated contami-

nants, J. Chromatogr. A, 1019, 143-156

12) Kristenson E.M., Korytar P., Danielsson C., Kallio M.,

Brandt M. and Makela J. (2003) Evaluation of modμlators

and electron-capture detectors for comprehensive two-

dimensional GC of halogenated organic compounds, J.

Chromatogr. A, 1019, 65-77

13) Kristenson E.M., Neidig H.C., Vreμlls R.J.J. and Brink-

man U.A.T. (2005) Fast minituarised sample preparation

for the screening and comprehensive two- dimensional

gas chromatographic determination of polychlorinated

biphenyls in sludge, Journal of Separation Science, 28,

1121-1128

14) Focant J.F., Sjodin A. and Patterson D.G. (2004)

Improved separation of the 209 polychlorinated biphenyl

congeners using comprehensive two-dimensional gas

chromatography-time-of-flight mass spectrometry, J.

Chromatogr. A, 1040, 227-238

15)  Korytar P., Covaci A., Leonards P.E.G., de Boer J. and

Brinkman U.A.T. (2005) Comprehensive two-dimensional

gas chromatography of polybrominated diphenyl ethers, J.

Chromatogr. A, 1100, 200-207

16) Korytar P., van Stee L.L.P., Leonards P.E.G., de Boer J.

and Brinkman U.A.T. (2003) Attempt to unravel the com-

position of toxaphene by comprehensive two -dimen-

sional gas chromatography with selective detection, J.

Chromatogr. A, 994, 179-189

17) Kallio M. and Hyotylainen T. (2007) Quantitative

aspects in comprehensive two- dimensional gas chroma-

tography, J. Chromatogr. A, 1148, 228-235

18) Ochiai N., Ieda T., Sasamoto K., Fushimi A., Hasegawa

S., Tanabe K. and Kobayashi S. (2007) Comprehensive

two-dimensional gas chromatography coupled to high-

resolution time-of-flight mass spectrometry and simμl-

taneous nitrogen phosphorous and mass spectrometric

detection for characterization of nanoparticles in roadside

atmosphere, J. Chromatogr. A, 1150, 13-20

19) Korytar P., Danielsson C., Leonards P.E.G., Haglund P.,

de Boer J. and Brinkman U.A.T. (2004) Separation of sev-

enteen 2,3,7,8- substituted polychlorinated dibenzo-p-

dioxins and dibenzofurans and 12 dioxin-like polychlori-

nated biphenyls by comprehensive two- dimensional gas

chromatography with electron- capture detection, J. Chro-

matogr. A, 1038, 189-199

20) Danielsson C., Wiberg K., Korytar P., Bergek S., Brink-

man U.A.T. and Haglund P. (2005) Trace analysis of poly-

chlorinated dibenzo-p-dioxins, dibenzofurans and WHO

polychlorinated biphenyls in food using compre- hensive

two-dimensional gas chromatography with electron-cap-

ture detection, J. Chromatogr. A, 1086, 61-70

21) Focant J.F., Reiner E.J., MacPherson K., Kolic T., Sjodin

A., Patterson D.G., Reese S.L., Dorman F.L. and Cochran

J. (2004) Measure- ment of PCDDs, PCDFs, and non-

ortho-PCBs by comprehensive two- dimensional gas

chromatography-isotope dilution time-of-flight mass

spectrometry (GC×GC-IDTOFMS), Talanta, 63, 1231-

1240

22) Bordajandi L.R., Ramos L. and Gonzalez M.J. (2005)

Chiral comprehensive two- dimensional gas chromatogra-

phy with electron-capture detection applied to the analy-

sis of chiral polychlorinated biphenyls in food samples, J.

Chromatogr. A, 1078, 128-135

23) Song S.M., Marriott P. and Wynne P. (2004) Compre-

hensive two-dimensional gas chromato- graphy-quadru-

pole mass spectrometric analysis of drugs, J. Chromatogr.

A, 1058, 223-232

24) Adahchour M., Brandt M., Baier H.U., Vreμls R.J.J.,

Batenburg A.M. and Brinkman U.A.T. (2005) Comprehen-

sive two-dimensional gas chromatography coupled to a

rapid- scanning quadrupole mass spectrometer: principles

and applications, J. Chromatogr. A, 1067, 245-254

25) Mondello L., Casilli A., Tranchida P.Q., Dugo G. and

Dugo P. (2005) Comprehensive two-dimensional gas chro-

matography in combination with rapid scanning quadra-

pole mass spectrometry in perfume analysis, J.

Chromatogr. A, 1067, 235-243

26) Shellie R., Marriott P. and Morrison P. (2001) Concepts

and preliminary observations on the triple-dimensional

analysis of complex volatile samples by using GC×GC-

TOFMS, Anal. Chem., 73, 1336-1344

27) JIS K0311, 2005.

28) Focant J.F., Eppe G., Scippo M.L., Massart A.C., Pirard

C., Maghuin-Rogister G. and De Pauw E. (2005) Compre-

hensive two- dimension- al gas chromatography with iso-



15

tope dilution time-of-flight mass spectrometry for the

measurement of dioxins and polychlorinated biphenyls in

foodstuffs - Comparison with other methods, J. Chro-

matogr. A, 1086, 45-60

29)  Hoh E., Mastovska K. and Lehotay S.J. (2007) Optimi-

zation of separation and detection conditions for compre-

hensive two-dimensional gas chromatography- time-of-

flight mass spectrometry analysis of polychlorinated

dibenzo-p-dioxins and dibenzofurans, J. Chromatogr. A,

1145, 210-221

30) Fishman V.N., Martin G.D. and Lamparski L.L. (2007)

Comparison of a variety of gas chromatographic columns

with different polarities for the separation of chlorinated

dibenzo-p-dioxins and dibenzofurans by high- resolution

mass spectrometry, J. Chromatogr. A, 1139, 285-300

2.2 TD-GC GC-HRTOFMS POPs

2.2.1

POPs pg/m3

SIM

100 700 L/min 1,000m3

XAD

POPs

24

5 10m3

POPs

GC×GC

R = 5,000

HRTOFMS

POPs

2.2.2

GC×GC ZOEX KT2004/Agilent 6890

TDU GC

MPS2

6890GC Agilent

8 TD
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TOFMS   JMS-T100GC

MP- 300

0.5 L/min GC

TD TenaxTA

6  mm 8

TenaxTA 280 

1 AccuTOF

AIA

MASSTransit Palisade

Excel

2.2.3

2008

(TD)-GC×GC-HRTOFMS TD

170 L/min 1,000m3

POPs

/

GC/MS

TD

4 TD

TD 0.5 L/min 2.6

m3 13C

TD

8

HCB HCH

TD HCH

POPs 100

HCH

TD

POPs

TD

TD

0.5 L/min

TD #1 TD #2

HV

-HCH 2 POPs

TD

TD

9 TD #1

TD #2

8 TD-GC×GC-HRTOFMS HV GC-HRMS

/pgm–3 /
HV TD#1 TD#2 TD#1 TD#1 TD#2 TD#2

HCB 140 120 110 102 1.0 94 2.1
-HCH 72 33 26 136 0.19 109 0.12
-HCH 3.1 2.5 2.5 97 0.31 42 ND
-HCH 16 10 5.0 182 <0.1 153 ND

Heptachlor 11 19 11 120 <0.1 133 <0.1
c-HeptaEpox 3.9 6.8 4.7 82 ND 93 ND
t-Chlordane 85 93 68 96 ND 102 ND
c-Chlordane 66 60 43 - - - -
t-Nonachlor 53 58 42 93 ND 107 ND
c-Nonachlor 2.9 5.8 4.1 59 ND 50 ND

9 TD
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R2 = 0.92 0.93

1

TD 2

3 -HCH 2

HV

HV HCH

TD

POPs

TD

9 2008

TD TD

45 133

60 120

ND 80 pg/m3 POPs

1/10 POPs HCB

TD 72 80 pg/m3

TD #1 TD #2

90 138

pg

2.3 TD-GC-MS TD-GC GC-MS

PAHs

2.3.1 TD-GC-MS

PAHs n-

2.3.1.1

0.050μm

TD-GC-MS 1)

0.03

0.06μm

0.01 0.03μm

TD-GC-MS

0.03μm DEP

30μg

0.03μm

TD-GC-MS

TD-GC-MS DEP

20μg

2.3.1.2

( 1 ) 

TDU GC CIS 4

MS

MS GC-Mate II

50mL min–1

GC 6890

9 TD-GC×GC-HRTOFMS
POPs

/pgm-3 /
TD#1 TD#2 TD#1/#2 TD#1 TD#2

HCB 72 80 90 110 102
-HCH 63 70 90 123 113
-HCH ND 2.5 - 62 45
-HCH 23 18 128 133 142

Heptachlor 2.5 2.5 100 110 101
c-HeptaEpox ND ND - 91 83
t-Chlordane 8.7 6.3 138 88 78
c-Chlordane 6.1 5.1 120 - -
t-Nonachlor 5.8 6.2 94 94 106
c-Nonachlor ND ND - 63 69
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n-

PAHs

10 PAHs 3 6 12

17 (H),21 (H)-hopane n-

C18 C36 19

PAHs EPA 610 Polynuclear

Aromatic Hydrocarbons mix 16

50 : 50 n-

ASTM D5442 C16 C44

17 (H),21 (H)-hopane Chiron AS

PAHs

13C PAHs 16

US EPA 16 PAH cocktail CIL 13C-

PAHs C18 C26 n-

C24D50 CDN Isotopes C27 C36 n- 17( ),

21( )-hopane C30D62 CDN Isotopes

Scan

SIM

SIM

10

GC

DEP

 2004 7 26 27

KwTSP DEP

8L

a JE05

55m3 min–1, 9.0 183

8L-JE05 b 2000 rpm

× 0 Nm 55m3 min–1, 8.3 180

10 TD-GC-MS

MW: BP: RT: TI: , QI: QL: n-

Compound MW BP RT TI QI Calibration curve QL

( ) (min) Range (ng) R2 (ng)

PAHs
Phenanthrene PHE 178 340 13.5 178 179 0.006–6.3 0.999 0.015
Anthracene ANT 178 342 13.6 178 179 0.006–6.3 0.999 0.007
Fluoranthene FLA 202 375 16.1 202 203 0.012–13 0.998 0.006
Pyrene PYR 202 393 16.6 202 203 0.006–6.2 0.999 0.006
Benz[a]anthracene BaA 228 400 19.5 228 229 0.006–6.2 0.998 0.004
Chrysene CHR 228 448 19.6 228 229 0.006–6.3 0.999 0.007
Benzo[b]fluoranthene BbF 252 481 21.9 252 250 0.012–13 1.00 0.009
Benzo[k]fluoranthene BkF 252 480 21.9 252 250 0.006–6.3 1.00 0.004
Benzo[a]pyrene BaP 252 496 22.5 252 250 0.006–6.3 0.997 0.005
Indeno[1,2,3-cd]pyrene IcdP 276 536 24.6 276 274 0.006–6.3 0.997 0.008
Dibenz[a,h]anthracene DahA 278 524 24.7 278 274 0.012–13 0.999 0.017
Benzo[ghi]perylene BghiP 276 545 25.0 276 274 0.012–13 1.000 0.008

n-Alkanes
Octadecane C18 254 316 13.5 85 71 0.01–39 1.00 0.039
Eicosane C20 282 342 15.4 85 71 0.01–39 1.00 0.023
Docosane C22 310 368 17.2 85 71 0.01–39 1.00 0.017
Tetracosane C24 338 391 18.9 85 71 0.01–39 1.00 0.016
Hexacosane C26 366 412 20.5 85 71 0.01–39 1.00 0.016
Octacosane C28 394 432 22.0 85 71 0.01–39 1.00 0.015
Triacontane C30 422 450 23.3 85 71 0.01–39 1.00 0.013
Dotriacontane C32 450 467 24.6 85 71 0.01–39 1.00 0.013
Hexatriacontane C36 506 – 27.3 85 71 0.01–39 0.998 0.015

Hopane
17 (H),21 (H)-hopane Hopane 413 – 24.3 191 192 0.006–6.3 1.00 0.013
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8L- 2

47 mm , 2500QAT-UP, Pall

8L-JE05 8L- 15 L min–1

92 60

Standard Reference Material: SRM National

Institute of Standards and Technology (NIST)

SRM 1649a 1650b 2975 3 SRM

1649a DC 1976 1977

SRM 1650b

DEP SRM 2975

DEP

GC CIS 4 PAHs

KwTSP 20μg

–100, –30, 0, +30 PAHs

5.7 11μg mL–1 1 μL

DEP n-

17 (H),21 (H)-hopane PAHs

PAHs

1 2 KwTSP

3 KwTSP TD-GC-MS

TDU

60mm 6 mm 5 mm

PAHs

KwTSP

9.9 20 40 160μg PAHs

KwTSP 22μg

DEP 8L-JE05 22μg 7.7μg

SRM 1649a 1650b 2975 20μg

13C-PAHs 1.0μg mL–1 1 μL

13C-PAHs 13C-PAHs

13C-PAHs PAHs

25mm 4.5mm 3 mm

1 μg M5P-F

TDU

KwTSP 8L-JE05 2

4 TD-GC-MS

10

7

TDU

13C-PAHs 1 μg mL–1 1 μL

C24D50 20μg mL–1 C30D62 19μg mL–1  1 μL

C34 n-

PAHs

5

10

2

TD-GC-MS PAHs

SRM 1649a 1650b

2975 20μg 13C-PAHs 4

PAHs

3

TD-GC-MS

KwTSP 2006

1 30 2 3

NanoMoudi II Model 125B MSP 10 L min–1

28

mm

10 20 μg TDU

8 mm

2.3.1.3

1

GC PAHs
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+30 0

PHE

–30

0 IcdP, DahA, BghiP

KwTSP 20μg

PHE

0

KwTSP PAHs

DahA

9.9, 20μg 90, 70

160μg 20

13C-PAHs 10

20μg SRM

1649a KwTSP DEP SRM 1650b

50 2 DEP

8L-JE05 SRM 2975 50

SRM 2975 IcdP DahA BghiP

6 11 8L-JE05

7.7μg 66

SRM 2975 6.4μg

12 115

13C-PAHs

EC OC EC/TC

KwTSP 190 110mg g–1 64 8L-JE05 796

221mg g–1 78 SRM 1649a 111 112mg g–1

49 SRM 1650 495 232mg g–1 68 SRM 2975

759 55mg g–1 94 EC

DEP

TD-GC-MS DEP EC

6 7 PAHs

DEP EC

8L-JE05 SRM 2975 EC

SRM 2975

13C-PAHs 50

DEP 10μg

20 μg

SRM 2975

TDU He 50mL min–1

50  50  min–1  350  (3 min)

10 TD-GC-MS 13C-PAHs KwTSP 8L-JE05 SRM 1649a
SRM 1650b SRM 2975
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GC

350 TDU

0

3 720  min–1 350 10

GC

2 mm

GC DB-5MS 30m 0.25mm

0.25μm

He 2.5mL min–1

40  (3 min)  20  min–1  150

 10  min–1  320  (15 min) MS

320 MS 280

70eV 300μA

500 SIM

290 V 1

/16 1

PAHs 17 (H),21 (H)-hopane 6 pg 6 ng

12pg 13ng n- 10pg 39ng

R2 0.997 11

PAHs 17 (H),21 (H)-hopane 4 17pg

n- 13 39pg n-

1) 11

2

TD-GC-MS 20μg PAHs

11 13C-

PAHs 50 SRM 1649a SRM

1650b TD-GC-MS

TDGCMS/Certified 0.5 2

TD-GC-MS

10

SRM 2975

BkF TDGCMS/Certified

0.5 2 IcdP DahA BghiP

TDGCMS/Certified 2.5 3.2

13C-PAHs

10 PAHs

10

PAHs

3

TD-GC-MS

0.03μm

11 17 (H),21 (H)-hopane

35

DEP 8L- 0.110 0.180μm

17 (H),21 (H)-hopane 0.110μm

0.018 0.032μm

10 11 Residual ratio

17 (H),21 (H)-hopane

11 TD-GC-MS PAH mg kg–1

95 a) b) Dibenz [a, c] anthracene Dibenz [a, h] anthracene

SRM 649a SRM 1650b SRM 2975

Certified TDGCMS Certified TDGCMS Certified TDGCMS

PHE 4.14 0.37 3.9 0.8 69.5 1.9 62 19 17 2.8 20 4
ANT 0.432 0.082 0.99 0.64 7.67 0.47 17 6 0.038 0.008a) <QL
FLA 6.45 0.18 6.0 3.1 47.3 0.8 41 15 26.6 5.1 31 7
PYR 5.29 0.25 2.6 1.1 43.4 1.6 31 10 0.90 0.24 0.41 0.18
BaA 2.208 0.073 1.6 1.1 6.18 0.3 4.4 2.1 0.317 0.066 0.45 0.17
CHR 3.049 0.060 2.8 1.5 13.3 1.1 14 7 4.56 0.16 7.5 2.1
BbF 6.45 0.64 5.4 1.8 6.77 0.84 11 2 11.5 3.6a) 14 2
BkF 1.913 0.031 1.1 1.0 2.37 0.21 0.72 0.30 0.678 0.076 0.45 0.25
BaP 2.509 0.087 2.4 2.7 1.17 0.09 1.2 0.5 0.0522 0.0053 <QL
IcdP 3.18 0.72 2.9 0.9 4.44 0.28 3.9 2.2 1.4 0.2a) 3.7 3.7
DahA 0.288 0.023 0.27 0.08 0.365 0.071 0.83 0.47 0.52 0.08a, b) 1.3 1.4
BghiP 4.01 0.91 4.2 1.5 5.91 0.18 4.7 2.5 0.498 0.044 1.6 1.1
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11 Hopane

with correction

0.032μm

2.3.2 TD-GC GC-HRTOFMS QMS NPD

2.3.2.1

TD-GC-MS

n-

1)

GC×GC

HRTOFMS

TD-GC×GC-HRTOFMS

QMS NPD

2.3.2.2

1

PAHs 16 U.S.EPA 610

2

TDS 2

CIS 4

KT 2004 Zoex

6890N

HRTOFMS GCT

NPD QMS 5973

3

LPI  30 L min–1

DEKATI 2004 1 27 28 24

2.7 36μg

4

TDS 2 50mL

min–1 50 1 min  60  min–1  350 3 min

CIS 4 

–100

TDS 2 CIS 4 –100  720  min–1

330 10 min

3

GC 50

5 GC GC-HRTOFMS GCxGC-NPD/QMS

GC 50 3 min  5  min–1  350

11 TD-GC-MS n- PAHs

Residual ratio
17 (H),21 (H)-hopane

Hopane w/o correction 17 (H),21 (H)-
hopane Hopane with correction

17 (H),21 (H)-hopane
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2 BPX-5

30m 0.25mm 0.25μm SGE BPX-

50  1 m 0.10mm 0.10μm SGE

1 2

He HRTOFMS

2.5mL min–1 NPD/QMS 1.83mL min–1

6

250  10  min–1  350 53 min

300 ms

NPD/QMS NPD 100 Hz

QMS EI 70 eV Scan m/z 54

280 18 Hz

2.3.2.3

1 TD-GC GC-HRTOFMS

TD-GC×GC-HRTOFMS S1

0.029 0.058μm

TIC 12 Unresolved

Complex Mixture; UCM

TIC

TIC UCM

13 TD-GC×GC-HRTOFMS S1 0.029
0.058μm 2.7μg-PM oxy-PAHs 5 m/z
180.0575, 194.0732, 198.0317, 230.0732, 258.0681 (a) 1.0 Da (b) 0.05 Da

12 TD-GC×GC-HRTOFMS S1 0.029 0.058μm 2.7μg-PM

12
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GC Image NIST

PAHs oxy-PAHs

GC×GC

GC×GC-HRTOFMS 2

0.05 Da

13

oxy-PAHs 5

1.0 0.05 Da

0.05 Da

NIST 50

12

–6.0 5.0 mDa 0.91 mDa 27

2 mDa 0.3 mDa

PAHs 10

2 TD-GC GC-NPD/QMS

TD-GC×GC-HRTOFMS S1

0.029 0.058μm S2 0.058 0.102μm

TD-GC×GC NPD QMS

S2 NPD

TIC

14 TD-GC×GC-QMS TD-GC×GC- NPD S2

NPD

NPD

QMS NIST

7 NIST

8

812

8

12 13

2.3.3 TD-GC GC-QMS HRTOFMS

PAHs

2.3.3.1

TD-GC-QMS

TD-GC×GC-QMS

TD-GC×GC-HRTOFMS

PAHs

HPLC 2) 

14 TD-GC×GC-QMS TD-GCxGC-NPD S2 0.058 0.102μm 4.6μg-PM
(a) QMS (b) NPD

13
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12 TD-GC×GC-HRTOF-MS S1 0.029 0.058μm

13 TD-GC×GC-NPD/QMS S2 0.058 0.102μm
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2.3.3.2

1

2004 5 8 11 2005 2

8

550 8

1000 L min–1 24

2 TD-GC GC-QMS

0.5cm 0.25cm2

TDU 50 350

GC×GC-QMS KT2004

(ZOEX ) / 6890N GC ( ) /

5973N ( )

TD-GC×GC-QMS 1 BPX-5 30

m 0.25 mm 0.25μm 2

BPX-50 1 m 0.10mm 0.10μm

GC GC 4 6 GC

 50 3 min  3 5  min–1  350

0 min QMS m/z 177 280 26.81

Hz m/z 54 280 17.55 Hz

Scan PAHs PAHs 16

Mix

PAHs 8 Mix NAGINATA

3 TD-GC GC-HRTOFMS

TD-GC×GC-QMS

 2 mm 0.031 cm2 TD-GC GC-HRTOFMS

KT2004 (ZOEX ) / 6890GC (

) / JMS-T100GC ( )

GC×GC 4 GC

 50 3 min  5  min–1  350 2 min

HRTOFMS m/z 35 550

25 Hz GC×GC

GC Image Software ZOEX

2.3.3.3

15 TD-GC×GC-QMS TD-GC×GC- HRTOFMS

HPLC

PAHs 4 3

TD-GC×GC-

QMS TD-GC×GC-HRTOFMS

HPLC 10.75cm2

1/40 1/350

PAHs

1) Fushimi A., Hasegawa S., Tanabe K. and Kobayashi S.

(2007) Investigation of characterization method for nano-

particles in roadside atmosphere by thermal desorption-

gas chromatography/mass spectrometry using a pyro-

lyzer, Sci. Total Environ., 386, 83-92

2) 2003

ASE

PAHs 12

732-733

15 TD-GC×GC-QMS TD-GC×GC-HRTOFMS USE HPLC
PAHs 2004 11
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2.4 SBSE-TD-GC GC-HRTOFMS POPs

2.4.1

POPs pg/L ng/L

POPs

10 1000 L

100μL

GC/MS SIM

mL

POPs

POPs

- - -

SBSE-TD-GC×GC--

HRTOFMS 10

50mm

POPs

POPs GC×GC

TOFMS

POPs23

2.4.2

GERSTEL Twister 100

48μL; 20 mm 500μm

50mL 50mL Twister

1500 rpm Twister

 MPS2-TDU

40 280

GC×GC Zoex KT2004/Agilent

689GC

GC×GC POPs

  JMS-T100GC

POPs 1 GC BPX-

5 30m 0.25mm, 0.25μm 2

GC BPX-50 1 m 0.10mm, 

0.10μm 3

GC 100 2 min –30 /min –150

–3 /min –280 2 min TOFMS

m/z= 45 500 25 Hz

13C

25 100 pg/L

2.4.3

POPs

POPs

Stirbar POPs POPs

16 POPs 8 20 ng/L

POPs

240

-HCH /

log Kow= 3.68 64 97

DDT

POPs 10

10

14

SBSE-TD-GC/MS

10

10
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HCH

POPs

log Kow

= 7.01 Mirex

28 10

36 10 74

HCH Mirex POPs 10

10

74 95

POPs 23

50, 100, 200, 500, 1000 2000

pg/L 6 -HCH R2>0.987

POPs R2>0.99

POPs

100 pg/L n = 6

POPs 3 10 42 pg/L

-GC GC-HRTOFMS

POPs 23 TIC 17

HCB 53

pg/L 18 1.0Da 0.05Da

HRTOFMS

GC×GC

19

HCB 17 pg/L

HCB

15 L

20

16 POPs Stirbar

14 POPs 1000 pg/L
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GC/MS SIM

15 SBSE-TD-GC×GC-HRTOFMS

POPs

10

50mL

POPs

HCH POPs

Heptachlor

epoxide Dieldrin

2

o,p´-DDD Endrin

p,p´-DDE

17 POPs 100 pg/L
a 0.05 Da b 0.05 Da 3

18 HCB 53pg/L 2 2D
a 1.0 Da b 0.05 Da c 0.05 Da
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POPs

POPs

POPs

16 SBSE-TD-GC×GC-HRTOFMS

15

HCH

Dieldrin POPs

p,p’-DDD o,p’-DDT

Oxychlordane SBSE-TD-GC×GC-HRTOFMS

LOD

LOD

-HCH

SBSE-TD-GC×GC-

HRTOFMS POPs 50mL pg/L

POPs

3

1

10 L

1/200 50mL

1

15 Stirbar -GC×GC- TOFMS POPs
pg/L n = 6

Compound LODpg/L

-HCH 10 310 (16) 320 (7.5) nd

-HCH 44 1400 (12) 1200 (32) nd

-HCH 48 160 (9.5) 170 (10) nd

-HCH 41 170 (16) 180 (30) nd
HCB 21 350 (15) 280 (11) nd
Heptachlor 28 nd nd nd

Heptachlor Epoxide 23 81 (3.6) 73 (11) nd
Aldrin 19 nd nd nd
Endrin 24 25 (22) nd nd
Dieldrin 42 320 (9.2) 250 (10) nd
o,p'-DDD 29 57 (27) nd nd
p,p'-DDD 62 nd nd nd
o,p'-DDE 22 nd nd nd
p,p'-DDE 30 170 (11) nd nd
o,p'-DDT 18 nd nd nd
p,p'-DDT 31 nd nd nd
cis-Chlordane 18 500 (4.4) 210 (8.8) 230 (22)
trans-Chlordane 16 410 (7.4) 130 (15) 320 (22)
cis-Nonachlor 28 160 (4.6) nd 61 (10)
trans-Nonachlor 23 340 (5.6) 79 (16) 140 (4.8)
Oxychlordane 21 nd nd nd
Mirex 55 nd nd nd

16 Stirbar -GC×GC- TOFMS
pg/L

Compound n = 3

-HCH 310 320 500
-HCH 1400 1200 1600
-HCH 160 170 170
-HCH 170 180 720

HCB 350 280 120
Heptachlor nd nd nd
Heptachlor Epoxide 81 73 180
Aldrin nd nd nd
Endrin 25 nd 27
Dieldrin 320 250 310
o,p'-DDD 57 nd 37
p,p'-DDD nd nd 110
o,p'-DDE nd nd 10
p,p'-DDE 170 nd 99
o,p'-DDT nd nd 25
p,p'-DDT nd nd 110
cis-Chlordane 500 440 390
trans-Chlordane 410 450 340
cis-Nonachlor 160 61 100
trans-Nonachlor 340 220 260
Oxychlordane nd nd 16
Mirex nd nd nd
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2.5

2.5.1 PFAS PFCA

2.5.1.1

PFAS

19 21 PFAS

2009 5

POPs

PFAS PFOS

PFCA

PFAS

PFCA

PFOA

PFOA

FTOHs

PFOA

PFOA

PFOS PFOA

PFOS PFOA

19

20 PFOS PFOA 21 PFAS
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PFAS PFCA

PFAS PFCA

PFAS PFCA

2.5.1.2

1 17

6 5

3

Water

Repellent Teflon Fabric

10cm 5 g

100mL 100mL

2 5 2

15 31 Hz  2 mL

LC/MS/MS

GC/MS 22

2

LC/MS/MS

PFOS PFOA PFNA

PFDA

PFUnA PFDoA

GC/MS

4 FTOH: 4:2FTOH

6:2FTOH 8:2FTOH 10:2FTOH

1

17

cm2/g
1 176
2 124
3 224
4 137
5 120
6 105
7 106
8 215
9 122
10   78
11 156
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2 NEtFOSA NMeFOSA

2

NEtFOSE NMeFOSE

18 20 LC/MS/MS

LC Agilent 1100

MS/MS Applied

Biosystems API4000QTRAP

Agilent Zorbax XDB C18

21 22 GC/MS

GC Agilent 6890

MS Agilent

5973MSD

Agilent HP-INNOWAX

22
2

18 LC

INSTRUMENT AGILENT 1100
Column Zorbax XDB C18 (Agilent, 2.1 mm × 150 mm, 3.5 μm)

Zorbax XDB C8 (Agilent, 2.1 mm × 12.5 mm, 5 μm)
Mobile Phase A: Water (10 mM CH3COONH4)   

B: CH3CN
Gradient 0 min: A 60 , B 40 ; 15 min: A 0 , B 100 ; 20 min: A 0 , B 100
Flow rate 0.2 mL/min
Column temp. 40
Injection volume 10 μL

19 MS/MS

INSTRUMENT APPLIED BIOSYSTEMS API4000QTRAP
Ionization ESI
Polarity Negative
Ionspray voltage -4500V
Nebulizer gas 40 psi
Turbo gas 80 psi
Temperature 400

20 LC/MS/MS

DP: Declustering potential, CE: Collision Energy

PEAK DP/V CE/V
PFOA 413 369 -35 -16
PFOA (13C4) 417 372 -35 -20
PFNA 463 419 -30 -16
PFDA 513 469 -30 -18
PFDA (13C2) 515 470 -30 -18
PFOS 499   80 -105 -86
PFOS (13C4) 503   80 -105 -86
PFUnA 563 519 -45 -18
PFDoA 613 569 -50 -18
PFDoA (13C2) 615 570 -50 -18

21 GC/MS

INSTRUMENT AGILENT 6890GC, AGILENT 5973MSD
Column HP-INNOWAX (Agilent, 30 m × 0.25 mm, 0.25 mm)
Oven temp. 60  (3 min) -> 3 /min -> 75  (0 min) -> 20 /min -> 240  (1 min)
Flow rate 1 mL/min (Helium)
Q pole temp. 106
Ion source temp. 150
Ionization voltage 70V
Transfer line temp. 240
Ionization CI positive (methane)
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2.5.1.3

GC/MS 6:2FTOH

8:2FTOH 10:2FTOH NMeFOSE

4:2FTOH FOSAs

FTOHs 8:2FTOH

53 74

8.1 68μg/m2 23

NMeFOSE FTOHs

42 166μg/m2 GC/MS

31 76

23

Martin FTOHs

pg/m3

FTOHs 6:2FTOH > 8:2FTOH >

10:2FTOH NEtFOSE NMeFOSE

FOSEs FOSAs

NEtFOSE NMeFOSE

FOSAs NEtFOSE

Jahnke

FTOHs

FTOHs 8:2FTOH FOSAs

FOSEs NMeFOSE > NEtFOSE = NEtFOSA =

NMeFOSA

GC/

MS

FOSAs NEtFOSE

NMeFOSE

FTOHs

24

LC/MS/MS PFOS

24

22 GC/MS

4:2FTOH 265 227
6:2FTOH 365 327
8:2FTOH 465 427
10:2FTOH 565 527
NEtFOSA 528 526 (NCI)
NMeFOSA 514 512 (NCI)
NEtFOSE 572 554
NMeFOSE 558 540
d2-13C2-6:2FTOH 369 331
d2-13C2-8:2FTOH 469 431
d2-13C2-10:2FTOH 569 531
d5-NEtFOSA 533 531 (NCI)
d3-NMeFOSA 517 515 (NCI)
7:1FTOH 401 381

23 GC/MS μg/m2

6:2FTOH 8:2FTOH 10:2FTOH NMEFOSE
1 0.8 8.1 6.3   48
2 1.0 30 14   79
3 0.6 20 11   42
4 2.6 68 40   50
5 1.3 37 13   64
6 1.4 31 15   47
7 1.3 31 13 118
8 1.5 25 10   85
9 1.7 29 11 166
10 0.9 30 9.5 110
11 0.7 22 10   73

23 GC/MS PFAS

24 NMeFOSE FTOHs
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PFOA PFDA PFNA PFDoA PFUnA 5

PFOA>>PFDA>>PFNA=

PFDoA>PFUnA 25

PFOA 0.049 2.7μg/m2

8:2FTOH C8F17CH2CH2OH

7

GC/MS

LC/MS/MS

25 750 LC/MS/MS

PFCA

Berger Herzke PTFE

PFOA PFDA PFDoA

26

FTOHs

FTOHs

PFCA

2.5.2

2.5.2.1

2.5.1

FTOHs NMeFOSE

FTOHs

NMeFOSE

GC/MS

24 LC/MS/MS μg/m2

PFOS PFOA PFNA PFDA PFUNA PFDOA
1 n.d. 0.081 0.023 0.012 0.009 0.009
2 n.d. 0.19 0.020 0.088 0.016 0.025
3 n.d. 0.57 0.077 0.26 0.036 0.041
4 n.d. 0.37 0.034 0.054 0.013 0.027
5 n.d. 0.55 0.12 0.37 0.060 0.092
6 n.d. 0.095 0.058 0.072 0.036 0.038
7 n.d. 0.10 0.016 0.069 0.008 0.026
8 n.d. 0.049 0.025 0.037 0.022 0.025
9 n.d. 0.20 0.046 0.14 0.031 0.050
10 n.d. 2.0 0.13 0.90 0.033 0.17
11 n.d. 2.7 0.16 1.1 0.041 0.14

26 PTFE

25 LC/MS/MS PFAS
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2.5.2.2

2.5.1 20mg

 4 mm

60 25 26

GC/MS

2.5.2.3

GC/MS

FTOHs NMeFOSE

27 40 60

2 4 6

25 GC/MS

INSTRUMENT AGILENT 6890GC, AGILENT 5973MSD
Column HP-INNOWAX (Agilent, 30 m × 0.25 mm, 0.25 mm)
Oven temp. 60  (3 min) -> 3 /min -> 75  (0 min) -> 20 /min -> 240  (1 min)
Flow rate 1 mL/min (Helium)
Q pole temp. 150
Ion source temp. 230
Ionization voltage 70V
Transfer line temp. 240
Ionization EI positive

26

INSTRUMENT GERSTEL THERMAL DESORPTION UNIT (TDU)
TDU temp. 40  (0.5 min) -> 720 /min -> 60  (5 min) or 40  (constant)
Delay time 0.5 min
Transfer line temp. 220
Inlet mode solvent vent
Vent flow 30 mL/min
Vent pressure 12 kPa @0.6 min
Split vent flow 50 mL/min @3 min
Inlet temp. -50  (0.5 min) -> 720 /min -> 250  (3 min)
Equilibrium time 1 min

27 GC/MS
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FTOHs NMeFOSE

FTOHs

NMeFOSE GC/MS

FTOHs

NMeFOSE

60

2 8:2FTOH 4 :

0.011μg/m2 6: 0.035μg/m2 NMeFOSE 4 :

0.006μg/m2 6: 0.022μg/m2 28

1

FTOHs NMeFOSE

Shoeib

FTOHs

FTOHs

PFCA PFAS

60

NEtFOSE 6.3 27

OH FOSA

3.7

PFAS PFCA

28 6
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2.6 GC GC-HRTOFMS PCB

2.6.1

PCB 1 3)

4 8)

9 12) PCB 13, 14)

PCB PCB

15 17)

18 19 20)

21 23)

PCB

PCB 831

21 23) 24) 25) 25)

26, 27 28) PCB

25, 28) PCB PCB

29)

30)

GC

PCB

5 -

PCB

200 27, 28)

26 28, 31) PCB

GC×GC GC

32, 33)

34, 35)

PAHs 36)

37)

GC×GC

PCB

2.6.2

2.6.2.1

27 PCB PCB

59

AccuStandard 41 Wellinton

11 PCB 7 13C

PCB 31 PCB 13C 6

PCB

27 PCB PCB

No. of chlorine Chemical name code supplyer name based on IUPAC

mono-Cl 2-chlorobiphenyl-4-ol HPCB-1002S AccuStandards 4-HO-CB1
5-chlorobiphenyl-2-ol HPCB-1001S AccuStandards 5-HO-CB1
3-chlorobiphenyl-4-ol HPCB-1003S AccuStandards 4-HO-CB2
4'-chlorobiphenyl-4-ol HPCB-1004S AccuStandards 4'-HO-CB3

di-Cl 2',3'-dichlorobiphenyl-2-ol HPCB-2005S AccuStandards 2'-HO-CB5
2',5'-dichlorobiphenyl-2-ol HPCB-2001S AccuStandards 2'-HO-CB9
2',5'-dichlorobiphenyl-3-ol HPCB-2002S AccuStandards 3'-HO-CB9
2',5'-dichlorobiphenyl-4-ol HPCB-2003S AccuStandards 4'-HO-CB9
3',4'-dichlorobiphenyl-2-ol HPCB-2006S AccuStandards 2'-HO-CB12
3',4'-dichlorobiphenyl-4-ol [13C12] M4H12 Wellington 4'-HO-CB12 [13C]
3,5-dichlorobiphenyl-4-ol HPCB-2004S AccuStandards 4-HO-CB14

tri-Cl 2,2',5'-trichlorobiphenyl-3-ol B007 Okumura 3'-HO-CB18
2,2',5'-trichlorobiphenyl-4-ol HPCB-3004S AccuStandards 4'-HO-CB18
2',3,3'-trichlorobiphenyl-2-ol B039 Okumura 2'-HO-CB20
2',3,3'-trichlorobiphenyl-4-ol B008 Okumura 4'-HO-CB20
2',3,4'-trichlorobiphenyl-2-ol B049 Okumura 2'-HO-CB25
2,3',4-trichlorobiphenyl-3-ol B009 Okumura 3-HO-CB25
2',3,4'-trichlorobiphenyl-4-ol B011 Okumura 4'-HO-CB25
3',4,6-trichlorobiphenyl-3-ol B046 Okumura 5-HO-CB25



39

3',4,6-trichlorobiphenyl-2-ol B010 Okumura 6-HO-CB25
2',3,5'-trichlorobiphenyl-4-ol HPCB-3005S AccuStandards 4'-HO-CB26
2,3',5-trichlorobiphenyl-4-ol B012 Okumura 4-HO-CB26
3,3',6-trichlorobiphenyl-2-ol B013 Okumura 6-HO-CB26
2',5,5'-trichlorobiphenyl-2-ol HPCB-3002S AccuStandards 6'-HO-CB26
2',5,5'-trichlorobiphenyl-2-ol B014 Okumura 6'-HO-CB26
2,4,4'-trichlorobiphenyl-3-ol B015 Okumura 3-HO-CB28
2',4',5'-trichlorobiphenyl-4-ol [13C12] M4H29 Wellington 4'-HO-CB29 [13C]
2',4',6'-trichlorobiphenyl-2-ol HPCB-3001S AccuStandards 2'-HO-CB30
2',4',6'-trichlorobiphenyl-3-ol HPCB-3003S AccuStandards 3'-HO-CB30
2',4',6'-trichlorobiphenyl-4-ol HPCB-3006S AccuStandards 4'-HO-CB30
2',4,5'-trichlorobiphenyl-3-ol B082 Okumura 3'-HO-CB31
2,4',5-trichlorobiphenyl-4-ol B016 Okumura 4-HO-CB31
3,4',6-trichlorobiphenyl-2-ol B017 Okumura 6-HO-CB31
2,3',4'-trichlorobiphenyl-4-ol B040 Okumura 4'-HO-CB33
3',4',6-trichloroblphenyl-3-ol B084 Okumura 5'-HO-CB33
3',5',6-trichlorobiphenyl-3-ol B085 Okumura 5'-HO-CB34
3,3',4'-trichlorobiphenyl-2-ol B100 Okumura 2'-HO-CB35
3,3',4'-trichlorobiphenyl-4-ol B089 Okumura 4'-HO-CB35
3',4,4'-trichlorobiphenyl-3-ol B097 Okumura 3'-HO-CB35
3',4',5-trichlorobiphenyl-2-ol B083 Okumura 6'-HO-CB35
3,3',5'-trichlorobiphenyl-2-ol B090 Okumura 2'-HO-CB36
3,3',5-trichlorobiphenyl-2-ol B098 Okumura 2-HO-CB36
3,3',5'-trichlorobiphenyl-4-ol B099 Okumura 4'-HO-CB36
3',5,5'-trichlorobiphenyl-2-ol B091 Okumura 6'-HO-CB36
3',4,5'-trichlorobiphenyl-2-ol B088 Okumura 2'-HO-CB39
3,4',5-trichlorobiphenyl-2-ol B045 Okumura 2-HO-CB39

tetra-Cl 2,2',3',5-tetrachlorobiphenyl-4-ol B042 Okumura 4'-HO-CB44
2,2',3',6-tetrachlorobiphenyl-3-ol B105 Okumura 2'-HO-CB46
2',4,5',6-tetrachlorobiphenyl-2-ol B036 Okumura 6-HO-CB49
2,2',4',6'-tetrachlorobiphenyl-4-ol HPCB-4006S AccuStandards 4'-HO-CB50
2,2',5',6-tetrachlorobiphenyl-3-ol B115 Okumura 3'-HO-CB53
2,2',6,6'-tetrachlorobiphenyl-4-ol 4H54 Wellington 4-HO-CB54
2',3,3',4-tetrachlorobiphenyl-2-ol B044 Okumura 2'-HO-CB56
2',3,3',5-tetrachlorobiphenyl-2-ol B041 Okumura 2'-HO-CB58
3',5,5',6-tetrachlorobiphenyl-2-ol B102 Okumura 6-HO-CB58
2',4,4',5-tetrachlorobiphenyl-2-ol B114 Okumura 6'-HO-CB60
2',3',4',5'-tetrachlorobiphenyl-2-ol HPCB-4001S AccuStandards 2'-HO-CB61
2',3',4',5'-tetrachlorobiphenyl-3-ol HPCB-4004S AccuStandards 3'-HO-CB61
2',3',4',5'-tetrachlorobiphenyl-4-ol HPCB-4007S AccuStandards 4'-HO-CB61
2',3',4',5'-tetrachlorobiphenyl-4-ol [13C12] M4H61 Wellington 4'-HO-CB61 [13C]
2',3',5',6'-tetrachlorobiphenyl-2-ol HPCB-4002S AccuStandards 2'-HO-CB65
2',3',5',6'-tetrachlorobiphenyl-3-ol HPCB-4005S AccuStandards 3'-HO-CB65
2',3',5',6'-tetrachlorobiphenyl-4-ol HPCB-4010S AccuStandards 4'-HO-CB65
2,3',4,4'-tetrachiorobiphenyl-3-ol B116 Okumura 3-HO-CB66
3',4,4',6-tetrachlorobiphenyl-3-ol B123 Okumura 5-HO-CB66
2',3,4',5-tetrachlorobiphenyl-2-ol B111 Okumura 2'-HO-CB68
2,3',4,5'-tetrachlorobiphenyl-3-ol B112 Okumura 3-HO-CB68
3',4,5',6-tetrachlorobiphenyl-3-ol B113 Okumura 5-HO-CB68
3',4,5',6-tetrachlorobiphenyl-2-ol B120 Okumura 6-HO-CB68
2',3,4',6'-tetrachlorobiphenyl-4-ol HPCB-4008S AccuStandards 4'-HO-CB69
2',4',5,6'-tetrachlorobiphenyl-2-ol HPCB-4003S AccuStandards 6'-HO-CB69
2,3',4',5-tetrachlorobiphenyl-4-ol B121 Okumura 4-HO-CB70
3,3',4',6-tetrachlorobipheny|-2-ol B122 Okumura 6-HO-CB70
2',3,5,5'-tetrachlorobiphenyl-2-ol B101 Okumura 2'-HO-CB72
2',3,5,5'-tetrachlorobiphenyl-4-ol HPCB-4009S AccuStandards 4'-HO-CB72
2,3',5,5'-tetrachlorobiphenyl-4-ol B119 Okumura 4-HO-CB72
3,3',4',5-tetrachlorobiphenyl-2-ol B038 Okumura 2'-HO-CB79
3,3',4',5-tetrachlorobiphenyl-2-ol B104 Okumura 2'-HO-CB79
3,3',4',5-tetrachlorobiphenyl-4-ol B103 Okumura 4'-HO-CB79
3,3',5,5'-tetrachlorobiphenyl-2-ol B117 Okumura 2-HO-CB80

penta-Cl 2',3,3',5,6-pentachlorobiphenyl-2-ol B125 Okumura 6-HO-CB83
2,2',3',4',5'-pentachlorobiphenyl-4-ol HPCB-5003S AccuStandards 4'-HO-CB86
2,2',3',5',6'-pentachlorobiphenyl-4-ol HPCB-5004S AccuStandards 4'-HO-CB93
2,2',3,4',5'-pentachloro-4-methoxybiphenyl 4PM97 Wellington 4'-MeO-CB97
2,2',3',4,6-pentachlorobiphenyl-3-ol B037 Okumura 3-HO-CB98
2,2',4',5,5'-pentachlorobiphenyl-3-ol HPCB-5008S AccuStandards 3'-HO-CB101
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2.6.2.2

GC/MS GC 5

- /

PCB

38)

TMS 39)

40) -

TMS-DAM

GC 200μL

2 mL 100ng/

μL 5 μL 20μL

70μL (TMS-DAM)

10μL 20

13C

MeO-PCB

2,2',4',5,5'-pentachlorobiphenyl-4-ol HPCB-5009S AccuStandards 4'-HO-CB101
2',3,4',5',6-pentachlorobiphenyl-2-ol HPCB-5010S AccuStandards 6'-HO-CB101
2,2',4',6,6'-pentachlorobiphenyl-4-ol 4H104 Wellington 4'-HO-CB104
2',3,3',4',5'-pentachlorobiphenyl-4-ol HPCB-5005S AccuStandards 4'-HO-CB106
2',3',4',5,5'-pentachlorobiphenyl-2-ol HPCB-5001S AccuStandards 6'-HO-CB106
2,3,3',4',5-pentachlorobiphenyl-4-ol 4H107 Wellington 4-HO-CB107
3,3',4',5,6-pentachlorobiphenyl-2-ol B048 Okumura 6-HO-CB107
2',3,3',4',5-pentachlorobiphenyl-4-ol 4H108 (95%) Wellington 4'-HO-CB108
2,3',4',5,6-pentachlorobiphenyl-3-ol B126 Okumura 5-HO-CB110
3,3',5,5',6-pentachlorobiphenyl-2-ol B043 Okumura 6-HO-CB111
2',3,3',5',6'-pentachlorobiphenyl-4-ol HPCB-5006S AccuStandards 4'-HO-CB112
2',3',5,5',6'-pentachlorobiphenyl-2-ol HPCB-5002S AccuStandards 6'-HO-CB112
2,3,4,4',5-pentachloro-2'-methoxybiphenyl 2PM114 Wellington 2'-MeO-CB114
2,3',5,5',6-pentachlorobiphenyl-3-ol B127 Okumura 5-HO-CB113
2,3',4,4',5-pentachlorobiphenyl-3-ol 3H118 Wellington 3-HO-CB118
2,3',4,4',6-pentachlorobiphenyl-3-ol B050 Okumura 3-HO-CB119
2,3',4,5,5'-pentachloro-4'-methoxybiphenyl 4PM120 Wellington 4'-MeO-CB120
2',3,4',5,5'-pentachlorobiphenyl-4-ol [13C12] M4H120 Wellington 4'-HO-CB120 [13C]
2',3,4',5,6'-pentachlorobiphenyl-2-ol B124 Okumura 2'-HO-CB121
2,3',4,5',6-pentachlorobiphenyl-3-ol B047 Okumura 3-HO-CB121
2',3,4',5,6'-pentachlorobiphenyl-4-ol HPCB-5007S AccuStandards 4'-HO-CB121
3,3',4,5,5'-pentachloro-4'-methoxybiphenyl 4PM127 Wellington 4'-MeO-CB127

hexa-Cl 2,2',3,3',4',5-hexachlorobiphenyl-4-ol 4H130 Wellington 4'-HO-CB130
2,2',3,3',5,6-hexachloro-4-methoxybiphenyl 4M134 Wellington 4-MeO-CB134
2,2',3',4,4',5-hexachlorobiphenyl-3-ol 3H138 Wellington 3'-HO-CB138
2,2',3,4',5,5'-hexachlorobiphenyl-4-ol 4H146 Wellington 4-HO-CB146
2,2',4,4',6,6'-hexachloro-3,3'-dimethoxybiphenyl 33PDM155 Wellington 3,3'-2MeO-CB155
2',3,3',4',5,5'-hexachlorobiphenyl-4-ol HPCB-6001S AccuStandards 4'-HO-CB159
2',3,3',4',5,5'-hexachlorobiphenyl-4-ol [13C12] M4H159 Wellington 4'-HO-CB159 [13C]
2,3,3',4',5,5'-hexachloro-4-methoxybiphenyl 4M162 Wellington 4-MeO-CB162
2,3,3',4',5,6-hexachloro-4-methoxybiphenyl 4M163 Wellington 4-MeO-CB163
2',3,3',5,5',6'-hexachlorobiphenyl-4-ol HPCB-6002S AccuStandards 4'-HO-CB165
2,2',3,3',4',5,5'-heptachlorobiphenyl-4-ol 4H172 Wellington 4'-HO-CB172
2,2',3,3',4',5,5'-heptachlorobiphenyl-4-ol[13C12] M4H172 Wellington 4'-HO-CB172 [13C]
2,2',3,3',4',5,6-heptachloro-4-methoxybiphenyl 4M177 Wellington 4-MeO-CB177
2,2',3,3',5,5',6-heptachloro-4-methoxybiphenyl 4M178 Wellington 4-MeO-CB178
2,2',3',4,4',5,5'-heptachlorobiphenyl-3-ol 3H180 Wellington 3'-HO-CB180
2,2',3,4,4',5,6'-heptachloro-3'-methoxybiphenyl 3PM182 Wellington 3'-MeO-CB182
2,2',3',4,4',5,6'-heptachloro-3-methoxybiphenyl 3PM183 Wellington 3'-MeO-CB183
2,2',3,4,4',6,6'-heptachloro-3'-methoxybiphenyl 3PM184 Wellington 3'-MeO-CB184
2,2',3,4',5,5',6-heptachlorobiphenyl-4-ol 4H187 Wellington 4-HO-CB187
2,2',3,4',5,5',6-heptachlorobiphenyl-4-ol [13C12] M4H187 Wellington 4-HO-CB187 [13C]
2,3,3',4',5,5',6-heptachloro-4-methoxybiphenyl 4M193 Wellington 4-MeO-CB193

octa-Cl 2,2',3,3',4',5,5',6-octachloro-4-methoxybiphenyl 4PM198(4PM199) Wellington 4'-MeO-CB199
2,2',3,3',4,5,5',6-octachloro-4'-methoxybiphenyl 4PM198 Wellington 4'-MeO-CB198
2,2',3,3',4,5,6,6'-octachloro-4'-methoxybiphenyl 4PM200 Wellington 4'-MeO-CB200
2,2',3,3',4,5',6,6'-octachloro-4'-methoxybiphenyl 4PM201 Wellington 4'-MeO-CB201
2,2',3,3',5,5',6,6'-octachloro-4-methoxybiphenyl 4M202 Wellington 4-MeO-CB202
2,2',3,3',5,5',6,6'-octachloro-4,4'-dimethoxybiphenyl 44PDM202 Wellington 4,4'-2MeO-CB202
2,2',3,4,4',5,5',6-octachloro-3'-methoxybiphenyl 3PM203 Wellington 3'-MeO-CB203

nona-Cl 2,2',3,3',4,5,5',6,6'-nonachloro-4'-methoxybiphenyl 4PM208 Wellington 4'-MeO-CB208
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2.6.2.3
26)

29 5 –20g

28 13C PCBs 10ng

PCB

Sep-Pak Plus Florisil

0.5 - /

6 mL 50 - /

6 mL PCB PCB

3N-

/

70 1

2 mL

5 - / 6 mL

PCB PCB

PCB

2.6.2.4

Zoex KT2004 GC×GC

6890GC JMS -T100GC

GC

36, 37, 41, 42) InertCap 5MS/Sil

60m 0.25mm 0.1μm GL 5

- / InertCap

17MS/Sil 1.5m 0.075mm 0.1μm GL

50 - /

HT8  60m 0.25mm

0.25mm SGE InertCap 17MS/

Sil 1 m 0.1mm 0.1mm GL

GC DB-5,

60m 0.25mm 0.25μm

InertCap 17MS/Sil 1 m

0.1mm 0.1mm GL

130cm/ 3 4

0.3 100 1

180 20 / 270 2 / 300

5 / 9 MS 35V

600μA MCP 2500 2700V

35-600m/z 0.04

29 PCB
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230 350

PCB

JMS-T100GC

AIA .cdf

MASSTransit Palisade

 MS-Excel 2003 2007

2.6.3

2.6.3.1

PCB

40) TMS-DAM

PCB

5 μL 70μL

(TMS-DAM) 10μL

PCB

PCB TMS-PCB

30 20μL

TMS-PCB

28 PCB PCB
Native standards Components Concentration

Name Source Lot.No Solvent Code Compound name

MPCB-MXA Wellington MPCB-MXA0704 nonane

4PM61 2,3,4,5-Tetrachloro-4'-methoxybiphenyl

50ppm
4PM120 2,3',4,5,5'-Pentachloro-4'-methoxybiphenyl
33PDM155 2,2',4,4',6,6'-Hexachloro-3,3'-dimethoxybiphenyl
3PM184 2,2',3,4,4'6,6'-Heptachloro-3'-methoxybiphenyl
4M202 2,2'3,3'5,5',6,6'Octachloro-4-methoxybiphenyl

MPCB-MXB Wellington MPCB-MXB0704 nonane

4PM79 3,3',4'5-Tetrachloro-4-methoxybiphenyl

50ppm
4PM101 2,2',4,5,5'-Pentachloro-4'-methoxybiphenyl
4M134 2,2',3,3',5,6-Hexachloro-4-methoxybiphenyl
4M178 2,2',3,3',5,5',6-Heptachloro-4-methoxybiphenyl
4PM201 2,2',3,3',4,5',6,6'-Octachloro-4'-methoxybiphenyl

MPCB-MXC Wellington MPCB-MXC0704 nonane

2PM114 2,3,4,4',5-Pentachloro-2'-methoxybiphenyl

50ppm
4M146 2,2',3,4,4',5,5'-Hexachloro-4-methoxybiphenyl
3PM182 2,2',3,4,4'5,6'-Heptachloro-3'-methoxybiphenyl
4PM208 2,2'3,3'4,5,5'6,6'-Nonachloro-4'-methoxybiphenyl

MPCB-MXD Wellington MPCB-MXD0704 nonane

3M118 2,3',4,4'5-Penatachloro-3-methoxybiphenyl

50ppm
3PM138 2,2',3',4,4',5-Hexachloro-3-methoxybiphenyl
3PM183 2,2',3',4,4',5,6'-Heptachloro-3-methoxybiphenyl
4PM198 2,2',3,3',4,5,5',6-Octachloro-4'-methoxybiphenyl

MPCB-MXE Wellington MPCB-MXE0704 nonane

4PM108 2,3,3',4,5'-Pentachloro-4'-methoxybiphenyl

50ppm
4PM130 2,2',3,3',4',5,5',6-Heptachloro-4-methoxybiphenyl
4M187 2,2',3,4',5,5',6-Heptachloro-4-methoxybihenyl
4PM199 2,2',3,3',4',5,5',6-Ocatachloro-4-methoxybiphenyl

MPCB-MXF Wellington MPCB-MXF0704 nonane

4M107 2,3,3',4',5-Pentachloro-4-methoxybiphenyl

50ppm
4M163 2,3,3',4',5,6-Hexachloro-4-methoxybiphenyl
4M177 2,2',3,3',4',5,6-Heptachloro-4-methoxybiphenyl
4PM200 2,2',3,3',4,5,6,6'-Octachloro-4'-methoxybiphenyl

MPCB-MXG Wellington MPCB-MXG0704 nonane

4PM97 2,2',3,4',5'-Pentachloro-4-methoxybiphenyl

50ppm
4PM159 2,3,3',4,5,5'-Hexachloro-4'-methoxybiphenyl
3PM180 2,2',3,4,4',5,5'-Heptachloro-3'-methoxybiphenyl
44PDM202 2,2',3,3',5,5',6,6'-Octachloro-4,4'-dimethoxybiphenyl

MPCB-MXH Wellington MPCB-MXH0704 nonane
4PM127 3,3',4,5,5'-Pentachloro-4'-methoxybiphenyl

50ppm
4PM172 2,2'3,3',4,5,5'-Heptachloro-4'-methoxybiphenyl

MPCB-MXI Wellington MPCB-MXI nonane
4M162 2,3,3',4',5,5'-Hexachloro-4-methoxybiphenyl

50ppm
4M193 2,3,3',4',5,5',6-Heptachloro-4-methoxybiphenyl

Labeled standards Components Concentration
Name Source Lot.No Solvent Code Compound name

MMPCB-MA Wellington MMPCB-MXA0704 nonane

M4M29 2,4,5-Trichloro-4'-methoxy [13C12] biphenyl

50ppm

M4M61 2,3,4,5-Tetrachloro-4'-methoxy [13C12] biphenyl
M4M120 2,3',4,5,5'-Pentachloro-4'-methoxy [13C12] biphenyl
M4M159 2,3,3'4,5,5'-Hexachloro-4'-methoxy [13C12] biphenyl
M4M172 2,2',3,3'4,5,5'-Heptachloro-4'-methoxy [13C12] biphenyl
M4M187 2,2',3,4',5,5',6-Heptachloro-4-methoxy [13C12] biphenyl
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2.6.3.2 PCB GC GC

28 35 PCB

MPCB-MXA MXI

GC GC

PCB GC

HT-8 SGE

50 - /

InertCap 17MS/Sil

29

31 38

30 GC×GC

GC

PCB 8

GC×GC

5 31 PCB

7 6

32 POPs

5

- / DB-5ms

30 PCB TMS-DAT
 4-HO-2',3',4'-TrCB
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30

3D 39 46 35

32

HT-8 DB-5

8 PCB

7 39 HT-8 5

7 PCB

40 HT-8 6

47 48 HT-8 DB-5

GC HT-8 DB-5

PCB DB-5 InertCap17ms/

Sil

29 GC×GC-HRTOFMS PCB A)

GC×GC

GC×GC: Agilent 6890N equipped Zoex KT2004

GC columns: 1st: SGE HT8, 60 m, 0.25 mmI.D, film thickness 0.25 μm

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mmI.D, film thickness 0.1 μm

column for the modurator: 1.5m, 0.1mmI.D.

oven program: 100  (1 min)  20 /min  180  3 /min  320  (hold)
injector temp: 280 
injection mode: Splitless, constant flow

initial head pressure: 427 kPa 100 
linier velosity on out side of column: 170 cm/s

moduration period: 5 sec

hot jet gas blow time: 0.3 sec

MS

MS: JEOL JMS-T100GC

m/z range: 300-500

MCP voltage: 2500 V

ionizatio mode:  EI+, 70 eV, 300 μA

data sampring period: 0.04 sec (25 Hz)

31 HO-TeCB GC-MS
GC×GC-MS SIM

29 1st HT-8

32 HO-PeCB GC-MS GC×GC-
MS SIM

29 1st HT-8
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33 HO-HxCB GC-MS
GC×GC-MS SIM

29 1st HT-8

34 HO-)2HxCB GC-MS
GC×GC-MS SIM

29 1st HT-8

35 HO-HpCB GC-MS
GC×GC-MS SIM

29 1st HT-8

36 HO-OcCB GC-MS
GC×GC-MS SIM

29 1st HT-8
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37 HO-)2CB GC-MS
GC×GC-MS SIM

29 1st HT-8

38 HO-NoCB GC-MS
GC×GC-MS SIM

29 1st HT-8

30 GC×GC-HRTOFMS PCB B)

GC×GC

GC×GC: Agilent 6890N equipped Zoex KT2004

GC columns: 1st: Agilent DB-5ms, 60 m, 0.25 mmI.D, film thickness 0.25 μm

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mmI.D, film thickness 0.1 μm

column for the modurator: 1.5 m, 0.1 mmI.D.

oven program: 120  (1 min)  20 /min  180  2 /min  320  (hold)

injector temp: 280 

injection mode: Splitless, constant flow

initial head pressure: 643 kPa 120 

linier velosity on out side of column: 170 cm/s

moduration period: 3 sec

hot jet gas blow time: 0.35 sec

MS

MS: JEOL JMS-T100GC

m/z range: 300-500

MCP voltage: 2500 V

ionizatio mode:  EI+, 35 eV, 300 μA

data sampring period: 0.04 sec (25 Hz)
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39 HO-TeCB GC×GC-MS
SIM

30 1st 5ms

40 HO-PeCB GC×GC-MS
SIM

30 1st 5ms

41 HO-HxCB GC×GC-MS
SIM

30 1st 5ms

42 (HO-)2HxCB GC×GC-MS
SIM

30 1st 5ms

43 HO-HpCB GC×GC-MS
SIM

30 1st 5ms

44 HO-OcCB GC×GC-MS
SIM

30 1st 5ms
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2.6.3.3 PCB GC GC

126 PCB

GC×GC-HRTOFMS GC×GC

PCB GC×GC-HRTOFMS

31 32 33

PCB 2.6.2.2

1 2 μL GC×GC- HRTOFMS

2D Excel

49 56

34

Zoex KT-2004 JMS-T100GC Agilent 6890GC

6890GC

JMS-T100GC

2009 3

GC

GC GC×GC

PCB PCB 13C

PCB IS IS

GC×GC

GC×GC

1

MPCB-

MXA MXI

57 PCB

GC GC

45 (HO-)2OcCB GC×GC-MS
SIM

30 1st 5ms

46 HO-NoCB GC×GC-MS
SIM

30 1st 5ms

47 HT-8 DB-5ms
HO-PeCB

48 HT-8 DB-5ms
HO-HxCB
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GC

4

1

2

GC

GC

GC

GC×GC

35

GC

OFF 80

GC

5 2

2 2 GC×GC

PCB

2,3,3',4',5- pentachloro-4-methoxy biphenyl

2,2',3,4',5,5'-hexachloro-4-methoxybiphenyl

2,2',3'4,4',5-hexachloro-3-methoxybiphenyl

2,2',3,4',5,5',6-heptachloro-4-methoxybiphenyl

2,2',3,3',4,5,5'-heptachloro-4'-methoxybiphenyl

2,2',3,4',5,5'6-heptachloro-4-methoxybiphneyl

2,2',3,3',4,5,5'-heptachloro-4'-methoxybiphenyl

58

2,2',3,3',4,5,5'-heptachloro-4'-methoxybiphenyl 2,2',3,4',5,

5'6-hepta-chloro-4-methoxybiphneyl GC

31 GC×GC PCB
ID Compound name Source
B099 3,3',5'-trichlorobiphenyl-4-ol Okumura
B036 2',4,5',6-tetrachlorobiphenyl-2-ol Okumura
B037 2,2',3',4,6-pentachlorobiphenyl-3-ol Okumura
B127 2,3',5,5',6-pentachlorobiphenyl-3-ol Okumura
B120 3',4,5',6-tetrachlorobiphenyl-2-ol Okumura
B038 3,3',4',5-tetrachlorobiphenyl-2-ol Okumura
B091 3',5,5'-trichlorobiphenyl-2-ol Okumura
B097 3',4,4'-trichlorobiphenyl-3-ol Okumura
B121 2,3',4',5-tetrachlorobiphenyl-4-ol Okumura
B098 3,3',5-trichlorobiphenyl-2-ol Okumura
B122 3,3',4',6-tetrachlorobipheny|-2-ol Okumura
B125 2',3,3',5,6-pentachlorobiphenyl-2-ol Okumura
B123 3',4,4',6-tetrachlorobiphenyl-3-ol Okumura
B039 2',3,3'-trichlorobiphenyl-2-ol Okumura
B040 2,3',4'-trichlorobiphenyl-4-ol Okumura
B041 2',3,3',5-tetrachlorobiphenyl-2-ol Okumura
B100 3,3',4'-trichlorobiphenyl-2-ol Okumura
B088 3',4,5'-trichlorobiphenyl-2-ol Okumura
B126 2,3',4',5,6-pentachlorobiphenyl-3-ol Okumura
B117 3,3',5,5'-tetrachlorobiphenyl-2-ol Okumura
B116 2,3',4,4'-tetrachlorobiphenyl-3-ol Okumura
B043 3,3',5,5',6-pentachlorobiphenyl-2-ol Okumura
B008 2',3,3'-trichlorobiphenyl-4-ol Okumura
B044 2',3,3',4-tetrachiorobiphenyl-2-ol Okumura
B090 3,3',5'-trichlorobiphenyl-2-ol Okumura
B014 2',5,5'-trichlorobiphenyl-2-ol Okumura
B111 2',3,4',5-tetrachlorobiphenyl-2-ol Okumura
B015 2,4,4'-trichlorobiphenyl-3-ol Okumura
B102 3',5,5',6-tetrachlorobiphenyl-2-ol Okumura
B009 2,3',4-trichlorobiphenyl-3-ol Okumura
B016 2,4',5-trichlorobiphenyl-4-ol Okumura
B103 3,3',4',5-tetrachlorobiphenyl-4-ol Okumura
B010 3',4,6-trichlorobiphenyl-2-ol Okumura
B013 3,3',6-trichlorobiphenyl-2-ol Okumura
B105 2,2',3',6-tetrachlorobiphenyl-3-ol Okumura
B007 2,2',5'-trichlorobiphenyl-3-ol Okumura
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* 13C GC

B112 2,3',4,5'-tetrachlorobiphenyl-3-ol Okumura
B045 3,4',5-trichlorobiphenyl-2-ol Okumura
B115 2,2',5',6-tetrachlorobiphenyl-3-ol Okumura
B017 3,4',6-trichlorobiphenyl-2-ol Okumura
B046 3',4,6-trichlorobiphenyl-3-ol Okumura
B114 2',4,4',5-tetrachlorobiphenyl-2-ol Okumura
B047 2,3',4,5',6-pentachlorobiphenyl-3-ol Okumura
B048 3,3',4',5,6-pentachlorobiphenyl-2-ol Okumura
B011 2',3,4'-trichlorobiphenyl-4-ol Okumura
B012 2,3',5-trichlorobiphenyl-4-ol Okumura
B049 2',3,4'-trichlorobiphenyl-2-ol Okumura
B085 3',5',6-trichlorobiphenyl-3-ol Okumura
B124 2',3,4',5,6'-pentachlorobiphenyl-2-ol Okumura
B050 2,3',4,4',6-pentachlorobiphenyl-3-ol Okumura
B113 3',4,5',6-tetrachlorobiphenyl-3-ol Okumura
B084 3',4',6-trichloroblphenyl-3-ol Okumura
B101 2',3,5,5'-tetrachlorobiphenyl-2-ol Okumura
B083 3',4',5-trichlorobiphenyl-2-ol Okumura
HPCB-1001S 2-Hydroxy-5-chlorobiphenyl AccuStandards
HPCB-1002S 4-Hydroxy-2-chlorobiphenyl AccuStandards
HPCB-1003S 4-Hydroxy-3-chlorobiphenyl AccuStandards
HPCB-1004S 4-Hydroxy-4'-chlorobiphenyl AccuStandards
HPCB-2001S 2-Hydroxy-2',5'-dichlorobiphenyl AccuStandards
HPCB-2002S 3-Hydroxy-2',5'-dichlorobiphenyl AccuStandards
HPCB-2003S 4-Hydroxy-2',5'-dichlorobiphenyl AccuStandards
HPCB-2004S 4-Hydroxy-3,5-dichlorobiphenyl AccuStandards
HPCB-2005S 2-Hydroxy-2',3'-dichlorobiphneyl AccuStandards
HPCB-2006S 2-Hydroxy-3',4'-dichlorobiphenyl AccuStandards
HPCB-3001S 2-Hydroxy-2',4',6'-trichlorobiphenyl AccuStandards
HPCB-3002S 2-hydroxy-2',5,5'-trichlorobiphenyl AccuStandards
HPCB-3003S 3-Hydroxy-2',4',6'-trichlorobiphenyl AccuStandards
HPCB-3004S 4-Hydroxy-2,2',5'-trichlorobiphenyl AccuStandards
HPCB-3005S 4-Hydroxy-2',3,5'-trichlorobiphenyl AccuStandards
HPCB-3006S 4-Hydroxy-2',4',6'-trichlorobiphenyl AccuStandards
HPCB-4001S 2-Hydroxy-2',3',4',5'-tetrachlorobiphenyl AccuStandards
HPCB-4002S 2-Hydroxy-2',3',5',6'-tetrachlorobiphenyl AccuStandards
HPCB-4003S 2-Hydroxy-2',4',5,6'-tetrachlorobiphenyl AccuStandards
HPCB-4004S 3-Hydroxy-2',3',4',5'-tetrachlorobiphenyl AccuStandards
HPCB-4005S 3-Hydroxy-2',3',5',6'-tetrachlorobiphenyl AccuStandards
HPCB-4006S 4-Hydroxy-2,2',4',6'-tetrachlorobiphenyl AccuStandards
HPCB-4007S 4-Hydroxy-2',3',4',5'-tetrachlorobiphenyl AccuStandards
HPCB-4008S 4-Hydroxy-2',3,4',6'-tetrachlorobiphenyl AccuStandards
HPCB-4009S 4-Hydroxy-2',3,5,5'-tetrachlorobiphenyl AccuStandards
HPCB-4010S 4-Hydroxy-2',3',5',6'-tetrachlorobiphenyl AccuStandards
HPCB-5001S 2-Hydroxy-2',3',4',5,5'-pentachlorobiphenyl AccuStandards
HPCB-5002S 2-Hydroxy-2',3',5,5',6'-pentachlorobiphenyl AccuStandards
HPCB-5003S 4-Hydroxy-2,2',3',4',5'-pentachlorobiphenyl AccuStandards
HPCB-5004S 4-Hydroxy-2,2',3',5',6'-pentachlorobiphenyl AccuStandards
HPCB-5005S 4-Hydroxy-2',3,3',4',5'-pentachlorobiphenyl AccuStandards
HPCB-5006S 4-Hydroxy-2',3,3',5',6'-pentachlorobiphenyl AccuStandards
HPCB-5007S 4-Hydroxy-2,3,4',5,6'-pentachlorobiphenyl AccuStandards
HPCB-5008S 3-Hydroxy-2,2',4',5,5'-pentachlorobiphenyl AccuStandards
HPCB-5009S 4-Hydroxy-2,2',4',5,5'-pentachlorobiphenyl AccuStandards
HPCB-5010S 2-Hydroxy-2',3,4',5',6-pentachlorobiphenyl AccuStandards
HPCB-6001S 4-Hydroxy-2',3,3',4',5,5'-hexachlorobiphenyl AccuStandards
HPCB-6002S 4-Hydroxy-2',3,3',5,5',6'-hexachlorobiphneyl AccuStandards
ID Labeled compound name * Source
M4M29 2,4,5-Trichloro-4'-methoxy [13C12] biphenyl Wellington
M4M61 2,3,4,5-Tetrachloro-4'-methoxy [13C12] biphenyl Wellington
M4M120 2,3',4,5,5'-Pentachloro-4'-methoxy [13C12] biphenyl Wellington
M4M159 2,3,3'4,5,5'-Hexachloro-4'-methoxy [13C12] biphenyl Wellington
M4M172 2,2',3,3'4,5,5'-Heptachloro-4'-methoxy [13C12] biphenyl Wellington
M4M187 2,2',3,4',5,5',6-Heptachloro-4-methoxy [13C12] biphenyl Wellington
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32 TMS-DAM PCB

33 GC×GC-HRTOFMS PCB

Derivatizing reagent

Trimethylsilyldiazomethane(TMS-DAM) (10v/v  in Hexane) 

Composition of reagents, solvents and sample solution. Amount

Standard Nonane or Isooctane 1-5μl

IS MMPCB-MXA PCB-MeO (Nonane) 10μl
Methanol 20μl
Toluene 70μl
TMS-DAM 10μl

20 30

GC×GC
GC×GC: Agilent 6890N equipped Zoex KT2004
GC columns: 1st: GL Science InertCap5MS/SIL, 60 m, 0.25 mmI.D, film thickness 0.25 μm

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mmI.D, film thickness 0.1 μm
column for the modurator: 1.5 m, 0.1 mmI.D.
oven program: 100  (1 min)  20 /min  150  2 /min  250  6 /min  300 hold
injector temp: 280
injection mode: Splitless, constant flow
initial head pressure: 643 kPa 120
linier velosity on out side of column: 170 cm/s
moduration period: 4 sec
hot jet gas blow time: 0.3 sec

MS
MS: JEOL JMS-T100GC
m/z range: 35-550
MCP voltage: 2500 V
ionizatio mode: EI+, 35 eV, 600 μA
data sampring period: 0.04 sec (25 Hz)

49 HO-MoCB 2 50 HO-DiCB 2
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51 HO-TrCB 2 53 HO-PeCB 2

52 HO-TeCB 2 54 HO-HxCB 2
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34 GC×GC PCB

ID compound name 1st RT(min) 2nd RT(sec)

MoCB-OMe

1001S 5-Chlorobiphenyl-2-methoxybiphenyl 20.60 2.708 
1002S 2-Chloro-4-methoxybiphenyl 21.27 2.908 
1003S 3-Chloro-4-methoxybiphenyl 24.73 0.058 
1004S 4'-Chloro-4-methoxybiphenyl 25.20 3.820 

DiCB-OMe

2001S 2',5'-Dicrloro-2-methoxybiphenyl 23.60 3.773 
2005S 2',3'-Dichloro-2-methoxybiphenyl 24.87 0.480 
2002S 2',5'-Dichloro-3-methoxybiphenyl 26.93 3.930 
2004S 3,5-Dichloro-4-methoxybiphenyl 27.87 3.692 
2003S 2',5'-Dichloro-4-methoxybiphenyl 28.47 0.160 
2006S 3',4'-Dichloro-2-methoxybiphenyl 28.47 0.320 

TrCB-OMe

3001S 2',4',6'-Trichloro-2-methoxybiphenyl 26.00 3.849 
B049 2',3,4'-Trichloro-2-methoxybiphneyl 27.60 3.700 
B010 3',4,6-trichloro-2-methoxybiphenyl 27.80 3.770 
B039 2,3,3'-Trichloro-2-methoxybiphenyl 28.73 0.562 
B017 3,4',6-trichloro-2-methoxybiphenyl 28.80 3.970 
B090 3,3',5'-Trichloro-2-methoxybiphenyl 29.20 3.462 
3003S 2',4',6'-Trichloro-3-methoxybiphenyl 29.33 0.007 
B098 3,3',5-trichloro-2-methoxybihenyl 29.73 3.492 
3002S 2',5,5'-Trichloro-2-methoxybiphenyl 30.53 0.524 
B045 3,4',5-Trichloro-2-methoxybiphenyl 30.60 3.540 
3006S 2',4',6'-Trichloro-4-methoxybiphenyl 30.67 0.324 
3004S 2,2',5'-Trichloro-4-methoxybiphenyl 31.53 0.722 
B013 3,3',6-Trichloro-2-methoxybiphneyl 31.73 0.404 
B007 2,2',5'-trichloro-3-methoxybiphenyl 31.87 1.517 
B009 2,3',4-Trichloro-3-methoxybiphenyl 31.93 0.445 
B015 2,4,4'-trichloro-3-methoxybiphneyl 32.60 0.562 
B085 3',5',6-Trichloro-3-methoxybiphenyl 33.20 3.969 

55 HO-HpCB 2 56 HO-OcCB HO-NoPCB
2
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B088 3',4,5'-Trichloro-2-methoxybiphenyl 33.27 0.405 
B091 3',5,5'-Trichloro-2-methoxybiphenyl 33.53 0.205 
B046 3',4,6-Trichloro-3-methoxybiphenyl 34.20 0.882 
B012 2,3',5-Trichloro-4-methoxybiphenyl 35.00 1.039 
B084 3',4',6-Trichloro-3-methoxybiphenyl 35.53 0.802 
B016 2,4',5-Trichloro-4-methoxybiphenyl 35.60 1.437 
B011 2',3,4'-trichloro-4-methoxybiphneyl 35.67 1.398 
3005S 2',3,5'-Trichloro-4-methoxybiphenyl 35.67 1.397 
B040 2,3',4'-trichloro-4-methoxybipheniyl 36.27 1.280 
B008 2',3,3'-Trichloro-4-methoxybiphenyl 37.00 2.389 
B099 3,3',5'-Trichloro-4-methoxybiphenyl 38.47 1.157 
B097 3',4,4'-trichloro-3-methoxybiphenyl 39.40 1.791 

13C-TrCB-OMe M4M29 2,4,5-Trichloro-4'-methoxy[13C12]biphenyl 34.87 0.722 

TeCB-OMe

B101 2',3,5,5'-Tetrachloro-2-methoxybiphenyl 32.53 0.343 
4003S 2',4',5,6'-Tetrachloro-2-methoxybiphenyl 32.87 2.278 
4002S 2',3',5',6'-Tetrachloro-2-methoxybiphenyl 33.07 2.080 
B111 2',3,4,5'-tetrachloro-2-methoxybiphneyl 33.07 0.137 
B036 2',4,5',6-Tetrachloro-2-methoxybiphenyl 33.33 1.766 
B041 2',3,3',5-tetrachloro-2-methoxybiphenyl 34.00 1.248 
4006S 2,2',4',6-Tetrachloro-4-methoxybiphenyl 34.07 1.566 
B117 3,3',5,5'-Tetrachloro-2-methoxybiphenyl 34.47 0.026 
B114 2',4,4',5-tetarchloro-2-methoxybiphenyl 35.20 1.605 
B115 2,2',5',6-tetrachloro-3-methoxybiphenyl 35.67 2.676 
B120 3',4,5',6-Tetrachloro-2-methoxybiphenyl 35.73 1.405 
B044 2',3,3',4'-Tetarchloro-2-methoxybiphenyl 36.13 2.201 
4005S 2',3',5',6'-Tetrachloro-3-methoxybiphenyl 36.73 2.120 
B112 2,3',4,5'-Tetrachloro-3-methoxybiphneyl 37.00 0.971 
4001S 2',3',4',5'-Tetrachloro-2-methoxybiphenyl 37.07 2.241 
B038 3,3',4',5-tetrachloro-2-methoxybiphenyl 37.13 0.970 
4009S 2',3,5,5'-Tetrachloro-4-methoxybiphenyl 37.13 1.010 
B105 2,2',3',6-Tetrachloro-3-methoxybiphneyl 37.13 3.548 
4008S 2',3,4',6'-Tetrachloro-4-methoxybiphenyl 37.60 2.238 
B102 3',5,5',6-Tetrachloro-2-methoxybiphneyl 37.73 1.923 
4010S 2',3',5',6'-Tetarachloro-4-methoxybiphenyl 38.33 2.281 
B113 3',4,5',6-Tetrachloro-3-methoxybiphenyl 39.13 1.368 
B116 2,3',4,4'-tetrachloro-3-methoxybiphneyl 39.47 2.003 
4004S 2',3',4',5'-Tetrachloro-3-methoxybiphenyl 40.73 2.000 
B123 3',4,4',6-Tetrachloro-3-methoxybiphneyl 41.67 2.161 
4007S 2',3',4',5'-Tetrachloro-4-methoxybiphenyl 42.47 2.478 
B121 2,3',4',5-Tetrachloro-4-methoxybiphenyl 42.47 2.756 
4PM79 3,3',4',5-Tetrachloro-4-methoxybiphenyl 42.67 1.765 

13C-TeCB-OMe M4M61 2,3,4,5-Tetrachloro-4'-methoxy[13C12]biphenyl 42.47 2.478 

PeCB-OMe

B124 2',3,4',5,6'-Penatchloro-2-methoxybiphenyl 35.87 0.690 
5010S 2',3,4',5',6-Pentachloro-2-methoxybiphenyl 37.40 1.327 
B043 3,3',5,5',6-Pentachloro-2-methoxybiphneyl 38.73 0.890 
B037 2,2',3',4,6-Pentachloro-3-methoxybiphenyl 38.80 2.161 
B125 2',3,3',5,6-Pentachloro-2-methoxybiphenyl 38.80 2.160 
5007S 2',3,3',5',6'-Penatchloro-4-methoxybiphenyl 39.33 1.168 
B047 2,3',4,5',6-Pentachloro-3-methoxybiphenyl 39.47 0.930 
5002S 2',3',5,5',6'-Penatachloro-2-methoxybiphenyl 40.33 2.517 
B048 3,3',4',5,6-Pentachloro-2-methoxybiphenyl 41.73 1.802 
5004S 2,2',3',5',6'-Pentachloro-4-methoxybiphenyl 41.80 2.755 
B050 2,3',4,4',6-Pentachloro-3-methoxybiphenyl 42.07 1.762 
4PM120 2,3',4,5,5'-Penatchloro-4'-methoxybiphenyl 44.07 1.485 
4PM101 2,2',4,5,5'-Pentachloro-4'-methoxybiphenyl 44.20 2.558 
5009S 2,2',4',5,5'-Penatchloro-4-methoxybiphenyl 44.27 2.398 
2PM114 2,3,4,4',5-Penatchloro-2'-methoxybiphenyl 44.67 2.635 
5001S 2',3',4',5,5'-Penatchloro-2-methoxybiphenyl 44.73 2.557 
5006S 2',3,3',5',6'-Pentachloro-4-methoxybiphenyl 45.60 3.430 
5003S 2,2',3',4',5'-pentachloro-4-biphenyl 45.60 2.754 
3M118 2,3',4,4',5-Pentachloro-3-methoxybiphenyl 46.00 2.280 
4PM108 2,3,3',4,5'-Penatchloro-4'-methoxybiphenyl 46.13 2.635 
4M107 2,3,3',4',5-Pentachloro-4-methoxybiphenyl 46.27 2.398 
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4PM97 2,2',3,4',5'-Pentachloro-4-methoxybiphneyl 46.60 3.551 
4PM127 3,3',4,5,5'-Pentachloro-4'-methoxybiphenyl 49.07 2.040 
5005S 2',3,3',4',5'-Penatchloro-4-methoxybiphenyl 50.00 3.628 

HxCB-OMe

4M134 2,2',3,3',5,6-Hexachloro-4-methoxybiphenyl 46.33 3.310 
6002S 2',3,3',5,5',6'-Hexachloro-4-methoxybiphenyl 46.73 2.360 
4M146 2,2',3,4',5,5'-Hexachloro-4-methoxybiphenyl 47.20 2.278 
3PM138 2,2',3'4,4',5-Hexachloro-3-methoxybiphenyl 49.07 3.229 
4PM130 2,2',3,3',4',5-Hexachloro-4-methoxybiphenyl 49.27 3.390 
4M163 2,3,3',4',5,6-Hexachloro-4-methoxybiphenyl 49.80 3.272 
6001S 2',3,3',4',5,5'-Hepatchloro-4-methoxybiphenyl 51.47 2.715 
4PM159 2,3,3',4,5,5'-Hexachloro-4'-methoxybiphneyl 51.53 2.715 
4M162 2,3,3',4',5,5'-Hexachloro-4-methoxybiphenyl 51.93 2.715 

HpCB-OMe

3PM184 2,2',3,4,4',6,6'-Hepatchloro-3'-methoxybiphenyl 46.80 1.962 
4M178 2,2',3,3',5,5',6-Heptachloro-4-methoxybiphenyl 50.07 2.638 
3PM183 2,2',3',4,4',5,6'-Heptachloro-3-methoxybiphneyl 50.27 2.755 
3PM182 2,2',3,4,4',5,6'-Heptachloro-3'-methoxybiphneyl 50.27 2.478 
4M177 2,2',3,3',4',5,6-Heptachloro-4-methoxybiphenyl 53.00 4.693 
3PM180 2,2',3,4,4',5,5'-Heptachloro-3',methoxybiphenyl 54.20 2.360 
4PM172 2,2',3,3',4,5,5'-Heptachloro-4'-methoxybiphenyl 54.33 2.320 
4PM187 2,2',3,4',5,5'6-Heptachloro-4-methoxybiphneyl 54.33 2.359 
4M193 2,3,3',4',5,5',6-Heptachloro-4-methoxybiphenyl 54.87 2.003 

13C-HpCB-OMe
M4M187 2,2',3,4',5,5',6-Heptachloro-4-methoxy[13C12]biphenyl 50.67 2.835 
M4M172 2,2',3,3',4,5,5'-Heptachloro-4'-methoxy[13C12]biphenyl 54.33 2.400 

OCB-OMe

4M202 2,2',3,3',5,5',6,6'-Octachloro-4-methoxybiphenyl 52.80 3.710 
4PM201 2,2',3,3',4,5',6,6'-Octachloro-4'-methoxybiphenyl 53.40 3.273 
3PM203 2,2',3,4,4',5,5',6-Octachloro-3'-methoxybiphenyl 56.33 1.090 
4PM198 2,2',3,3',4,5,5',6-Octachloro-4'-methoxybiphenyl 56.47 1.170 
4PM199 2,2',3,3',4',5,5'6-Octachloro-4-methoxybiphenyl 56.67 1.138 
4PM200 2,2',3,3',4,5,6,6'-Octachloro-4'-methoxybiphenyl 57.27 1.368 

NoCB-OMe 4PM208 2,2',3,3',4,5,5',6,6'-Nonachloro-4'-methoxybiphenyl 58.13 0.385 

35 PCB GC×GC
MeO-PCB isolated peak no. STD isomer no. ideal isomer no.
Monochloro 4 4 19
Dichloro 6 6 64
Trichloro 29 30 136
Tetrachloro 26 30 199
Pentachloro 23 24 199
Hexachloro 8 9 136
Heptachloro 8 9 64
Octachloro 6 6 19
Nonachloro 1 1 3

total 111 119 839

57 GC×GC PCB 2 58 GC×GC PCB
2
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2.6.3.4 PCB

24) PCB

2.6.2.2

GC×GC-HRTOFMS

3D TIC 59

PCB

GC×

GC GC

PCB

PCB

PCB 60

PCB PCB

837

PCB 18

61 PCB

PCB

 1 RIC Reconstructed Ion Chromatogram

PCB PCB

GC 36

GC×GC

GC

59 GC×GC-HRTOFMS 2 TIC

60 GC×GC-HRTOFMS 2 TIC PCB 2
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GC×GC 151 GC 125

GC GC×GC 20

PCB RT

62 66

HRTOFMS

PCB

67

PCB PCB

61 GC×GC-HRTOFMS 2 RIC PCB

36 GC GC×GC

Monitoring for by GC by GC×GC 

Monochloro nd nd

Dichloro 17 21

Trichloro 31 38

Tetrachloro 42 54

Pentachloro 21 23

Hexachloro 11 13

Heptachloro 3 3

Octachloro nd nd

Nonachloro nd nd

total 125 152
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62 GC×GC-HRTOFMS MeO-
DiCB 2 SIM

63 GC×GC-HRTOFMS MeO-TrCB
2 SIM



59

64 GC×GC-HRTOFMS MeO-TeCB 2
SIM



60

65 GC×GC-HRTOFMS MeO-PeCB
2 SIM

66 GC×GC-HRTOFMS MeO-
HxCB 2 SIM



61

67 GC×GC-HRTOFMS 2 SIM MeO-PeCB
MeO-PeCB No. 1 2 6 7
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