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Abstract : In this study, the separation of toxic dioxin 2,3,7,8-congeners by DB-5SMS and SP-2331 GC
columns which are widely used in HRGC/HRMS analysis was examined. Through the dioxin analysis
of column performance check standard solution and fly ash sample, the isomer specific separation of
2,3,7,8-substituted dioxins from tetra to hexa-isomers on DB-5MS and SP-2331 columns were studied.
The effect of I-TEQ value by these columns was also studied. The total concentrations of toxic dioxins
for the column performance check standard solution were 508.4 ng/mL analyzed by DB-5MS and 515.8
ng/mL analyzed by SP-2331, respectively. The I-TEQ value obtained by both columns was shown to

be almost equivalent for the column performance check standard solution and fly ash sample.
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| Fly ash I
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| Soxhlet extraction I

Add 0.010mL of ¥C—labeled compounds
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«—

| Alumina clean—up I
Add 0.005mL of mixture (200ng/mL) of 13C—1,2,3,4—
TCDD and 3C~-1,2,3,7,8,9~HxCDD : Syringe standard

| HRGC—HRMS ANALYSIS I

Fig. 1. Schematic diagram for analytical procedure.
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Table 1. HRGCHRMS conditions for the determination of PCDD/Fs

HRGC Instrument HP6890 Plus
Injector Splitless
Carrier gas He, 1.0 mL/min (DB-5MS), 1.2 mL/min (SP-2331)
Sample volume 1 L
Column DB-5MS: 60 mx0.32 mmx(.25 pm
SP-2331: 60 mx0.25 mm .20 m
Temp. Programming DB-5MS: 160 C (1.0 min), 200 C (20.0 C /min, 2.0 min),
220 € (5.0 C /min, 15.0 min), 235 C (5.0 C /min, 5.0 min),
310 € (30 C /min, 3.0 min)
SP-2331: 100 C (1.0 min), 200 C (200 C /min, 0.0 min),
250 C (20 T /min, 29.0 min)
HRMS Instrument JEOL MStation JMS-700

ITonization mode
Detection mode

ITonization voltage 38 eV
Accel. Voltage 10.0 kv
Resolution >10000

Electron impact (EI)
Selected ion monitoring (SIM)
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Table 2. Separation of toxic PCDD/Fs from other
congeners in column performance check
standard solution (EDF-4141) on capillary GC
columns of different polarity

Congener Isomer DB-5MS Sp-2331
TCDD 23,78 A O
TCDF 2,378 o o
PeCDD 1,2,3,7,8 ] o
PeCDE 123,78 ® ®

234,78 o o

HxCDD 1,2,34,7.8 A O
1,2,3,6,7.8 A o

1,2,3,7,8,9 o o

HxCDF  12,3,4,7.8 o 0
1,2,3,6,7.8 O O

1,2,3,7.8,9 A ]

2,3,4,6,7.8 o o

@ : Completely baseline separated,
separated,

O Nearly baseline

A : Partially separated, A: Poorly partial separated
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\ 1.2,3,4,7.8 1§s.7,a 234678 |/
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Fig. 2. HRGC/HRMS-SIM chromatograms of HxCDFs of
column performance check solution on DB-5MS
and SP-2331 GC columns.
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Table 3. Measured concentration and [-TEQ level (pgTEQ/g) of 2,3,7,8-substituted PCDD/Fs in column performance
check standard solution (EDF-4141) on DB-5SMS and SP-2331 columns

DB-5MS SP-2331

Ref. Conc Ref. TEQ Meas. Conc TEQ Meas. Conc TEQ

Congener Isomer (ng/mL) (ng/mL) (ng/mL)
TCDD 23,78 10 10 10.1 10.1 10.4 10.4
TCDF 23,78 10 1.0 10.0 1.00 10.7 1.07
PeCDD 1,23,7.8 50 25 493 247 48.1 240
PeCDF 1,23,7.8 50 2.5 510 2.53 554 2.77
234,78 50 2.5 50.6 2.55 538 2.69
HxCDD 1,234,78 50 5.0 50.3 5.03 46.8 4.68
1,23,6,7.8 50 5.0 49.2 4.92 47.7 4.77
1,23,7,89 50 5.0 48.6 4.86 48.4 4.84
HxCDF 1,234,78 50 5.0 510 5.10 438.8 4.88
1,23,6,7.8 50 5.0 49.1 4.91 49.5 4.95
1,23,7,89 50 5.0 39.8 3.98 48.1 4.81
234,678 50 5.0 493 4.93 48.1 4.81
Total 520 76.0 508.4 74.6 515.8 74.7
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Fig. 3. HRGC/HRMS-SIM chromatograms of TCDDs of
a fly ash extract on DB-5MS and SP-2331 GC
columns.
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Fig. 4. HRGC/HRMS-SIM chromatograms of TCDFs of
a fly ash extract on DB-5MS and SP-2331 GC
columns.
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Fig. 5. HRGC/HRMS-SIM chromatograms of PeCDDs of
a fly ash extract on DB-5MS and SP-2331 GC
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columns.
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Fig. 7. HRGC/HRMS-SIM chromatograms of HxCDDs
of a fly ash extract on DB-SMS and SP-2331.
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Fig. 8. HRGC-HRMS-SIM chromatograms of HxCDFs of
a fly ash extract on DB-5MS and SP-2331 GC
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columns.

Table 4. Concentration level

(pg/fg) and I-TEQ

(pgTEQ/g) of 23,7,8substituted PCDD/Fs
from fly ash sample on DB-5MS and SP-2331
columns
DB-5MS$ SP-2331
Congener Isomer Conc  I-TEQ Cone L-TEQ
TCDD 2,3,7.8 29.36 29.36 27.33 2733
TCDF 2,3,7.8 193.5 19.35 229.0 22.90
PeCDD 123,78 163.0 81.49 148.5 74.24
PeCDF 12378 6575 3287 7098 3549
23478 3103 1551 5552 2776
HxCDD 123478 1963  19.63 2083  20.83
123,678 4743 4743 5391 5391
123789 3161 3161 3194 3194
HxCDF 123478 5290 5290 6402  64.02
123,678 6225 6225 6631 6631
123789 9709 9709 1047 1047
234678 9985 9985 879.6 87.96
Total 4587.4 50197 5024.1 523.15
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Table 5. Separation of toxic PCDD/Fs from other
congeners in fly ash extract on capillary GC
columns of different polarity

Congener Isomer DB-5MS SP-2331
TCDD 2,3,7,8 A o
TCDF 23,78 A A
PeCDD 123,78 A o
PeCDF 123,78 A o
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HxCDD 123478 o) ®
1,2,3,6,7,8 o) ]

123,789 A L

HxCDF 123478 A o
1,2,3,6,7,8 A o

1,2,3,7,8,9 A A

234,678 ® ®

@ : Completely baseline separated,
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O Nearly baseline
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