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Summary

To develop the purification method for high accuracy and rapid analysis of dioxins, this study investigated the
purification effects by heating chemical impregnated silica gel columns, i.e., AgNOs silica gel and H,SO, silica
gel. Removal effects of contaminants in crude solutions from flue gas and sediment treated with AgNO; silica gel
at 60°C were highly efficient for sulfur compounds, but not for polycyclic aromatic hydrocarbons compared with
those at room temperature(24+2°C). Purification by heating H,SO, silica gel at 60°C was excellent in mono- and
poly-aromatic hydrocarbon compounds, and their removal effects were so far better than those at room
temperature. In the case of chemical impregnated multilayer silica gel column, i.e., AgNO; silica gel / H,SO4
silica gel, the purification effects by heating at 60°C were also highly efficient as compared to those at room
temperature. These results indicate that the heating chemical impregnated multilayer silica gel column is useful
for purification of sediment and biological samples enriched in sulfur compounds, and also for reduction of

analytical time, amounts of solvents and contaminations in the capillary column and ionization spot.
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Table 1 Measurement and SCAN mode conditions of sample solutions by HRGC-HRMS and HRGC-LRMS.

HRGC Conditions

SCAN
Column DB-5MS (60m X% 0.25mm [.D., 0.25um Film)
Oven Temp. 70°C, 2min  5°C/min - 290°C, 14min
Carrier Gas He: 233kPa (35cm/s, 1.5m@/min), Constant flow
Inlet Temp. 250°C
Injection Mode Splitless (1min)

TeCDDs, TeCDFs, PeCDDs, PeCDFs, HXCDDs, HXCDFs

Column SP-2331 (60m x 0.25mm 1.D., 0.20um Film)

Oven Temp. 150°C, 1.5min ~ 20°C/min - 200°C  2°C/min - 260°C, 26min
Carrier Gas He: 233kPa (35cm/s, 1.5m#&/min), Constant flow

Inlet Temp. 280°C

Injection Mode Splitless (1min)

Co-PCBs, 1,2,3,7,8,9-Hexa-PCDF, HpCDDs, HpCDFs, OCDD, OCDF

Column RH-12MS (60m x 0.25mm L.D., 0.20pm Film)

Oven Temp. 150°C, Imin ~ 15°C/min - 210°C  3°C/min - 300°C, 20min
Carrier Gas He: 233kPa (35cm/s, 1.5m#&/min), Constant flow

Inlet Temp. 270°C

Injection Mode Splitless (1min)

MS Conditions

LRMS (JMS-AM SUN 200)

lonization Current
lonization energy
Source Temp.

450pA
70eV
250°C

HRMS (JMS-700S and JMS-700D)

lonization Current
lonization Voltage
Source Temp.
Accel. Voltage
Resolution

500pA
38V
270°C
10kV
>10000
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Table 2 Recoveries of internal standard of PCDD/DFs and Co-PCBs in flue gas sample analyzed by heating

multi-layer silica gel column .

PCDD/DFs Co-PCBs
Isomer Recovery Isomer Recovery

1,3,6,8-TeCDD 98% 3,4,4'5-TeCB #81 83%
2,3,7,8-TeCDD 89% 3,3',4,4'-TeCB #17 80%
1,2,3,7,8-PeCDD 101% 3,3',4,4' 5-PeCB #126 85%
1,2,3,4,7,8-HXCDD 106% 3,3,44'55-HxCB  #169 91%
1,2,3,6,7,8-HxCDD 112% 2",3,4,4' 5-PeCB #123 82%
1,2,3,7,8,9-HxCDD 107% 2,3',4,4' 5-PeCB #118 83%
1,2,3,4,6,7,8-HpCDD 107% 2,3,3',4,4'-PeCB #105 86%
OCDD 112% 2,3,4,4' 5-PeCB #114 89%
2,3,7,8-TeCDF 95% 2,3',44'55"-HXCB  #167 90%
1,2,3,7,8-PeCDF 101% 2,3,3'4,4'5-HxCB  #156 86%
2,3,4,7,8-PeCDF 96% 2,3,3'4,4'5'-HxCB  #157 87%
1,2,3,4,7,8-HXCDF 109% 2,3,3',4,4'55-HpCB #189 89%
1,2,3,6,7,8-HXCDF 97% 2,2',3,4,4'55-HpCB #180 90%
1,2,3,7,8,9-HXCDF 109% 2,2',3,3',4,4' 5-HpCB #170 94%
2,3,4,6,7,8-HXCDF 100%

1,2,3,4,6,7,8-HpCDF 99%

1,2,3,4,7,8,9-HpCDF 98%

OCDF 106%
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UV spectra of flue gas samples treated with AgNO; silica gel at room temperature (24+2°C) and 60°C.
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Fig.3 UV-spectra of PAHs elutions (50~100m{ hexane fraction) treated with AgNOj; silica gel at room
temperature (24+2°C) and 60°C. Inset figure: UV-spectral of PAHs standard solution.
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Fig.4 GC-MS TIC chromatograms of sediment sample solutions treated with AgNO; silica gel column at
room temperature (24+2°C) and 60°C. (S8): Cyclic sulfur octamar.
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Fig.5 UV spectra of flue gas samples treated with H,SOy silica gel at room temperature (24+2°C) and 60°C.
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Fig.6 GC-MS mass chromatograms of flue gas solutions treated with H,SO, silica gel at room temperature

(24£2°C) and 60°C. (a) chromatogram (top left) shows fragment ions derived from alkylbenzene (ABz)

and alkylbiphenyl (ABP). (b) chromatogram (bottom left) shows characteristic mass numbers of

polycyclic aromatic hydrocarbons (PAHs).
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GC-MS TIC chromatograms of PAHs solutions treated with H,SO, silica gel (daily differences in

preparation of H,SOj silica gels)at room temperature (24+2°C) and 60°C. Te-CBz: Tetrachlorobenzene.
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Fig.9

GC-MS mass chromatograms of flue gas sample solutions treated with two laminations, i.e., AgNO3-Si
> H,S0,4-Si and H,SO4-Si > AgNO;-Si, at room temperature (24+2°C) and 60°C. Rigth figure: Mass
spectra of flue gas sample solutions treated with reverse multilayer slica gel (H,SO,4-Si > AgNOs-Si) at
room temperature. (A) in figure shows the mass spectra of carbonyl aromatic compounds and (B) in

figure shows the mass spectra of calbonyl alkanes.
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