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Summary

Our previous report showed that the heating (60°C) multilayer silica gel columns, i.e., AgNO; silica gel and
H,SO, silica gel, was useful as purification method for dioxins analysis". In this study, further simplified- and
automated- preparation method for dioxins analysis using HRGC-HRMS and Bioassay was studied on three
successive steps of the purification, concentration and solvent substitution.

The results showed the best suitable condition as follow: An alumina column as concentration and solvent
substitution was set under multilayer silica gel column. Dioxins sample in hexane was applied on a top of
multilayer silica gel column. After heating the column at 60°C, dioxins were eluted with 60ml of n-Hexane kept

at 60°C, and then followed by drying the alumina column with N, gas. Thereafter, dioxins in alumina column
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were reversibly eluted with 0.5ml of Toluene or DMSO solution kept at 60°C, and determined by GC-MS or
Bioassay. This newly developed method for dioxins analysis was considered to be useful for reduction of

analytical time, amount of solvent, and cost.
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Table 1  Physical characteristics of adsorbents
Adsorbent Dencity (m °/g) Mesh Surface area (m?/g)
Carbopack B 2.8 120 400 100
Carbopack C 1.4 80 100 10
Carbon/SiO, (dispersed) NA NA 300
Alumina 0.95 60 260 130

NA: not analysis
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Fig. 1 Diagrams of the experimental equipment for sample preparation of dioxins.
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DMSO 2,3,4,7,8-PeCDF DMSO
DXS-600: 2,3,4,7,8-PeCDF

Table2 Measurement and SCAN mode conditions of sample solutions by HRGC-HRMS and HRGC-LRMS.

HRGC Conditions

SCAN
Column DB-5MS (60m x 0.25mm 1.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 L.D., 0.20pum 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 LD., 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-KO9)
lonization Current 450pA
lonization energy ~ 70eV

Source Temp. 250°C

Monitor lons

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

Labeled

lonization Current 500pA 319.8965, 321.8937
lonization Voltage 38V 355.8547, 353.8576

Source Temp. 270°C 389.8157,391.8128
Accel. Voltage 10kV 423.7767, 4257738
Resolution >10000 457.7377, 459.7348

303.9016, 305.8987
339.8597, 341.8568
373.8208, 375.8179
407.7818, 409.7789
441.7428, 443.7399
289.9224,291.9194
325.8804, 327.8775
359.8415, 361.8385
393.8025, 395.7995

331.9368, 333.9339
367.8949, 365.8978
401.8559, 403.8530
435.8169, 437.8140
469.7779, 471.7750
315.9419, 317.9389
351.9000, 353.8970
385.8610, 387.8581
419.8220, 421.8191
453.7830, 455.7801
301.9626, 303.9597
337.9207, 339.9178
371.8817,373.8788
405.8428, 407.8398
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Parallelism test

Recovery of added standard
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Table 3  Recoveries of native dioxins in eluate from the concentration columns.
Recoveries (%) with Toluene 0-5m& at 60°C Recoveries (%) with DMSO 0-5m¢& at 60°C
Adsorbent [g] Mono-ortho-PCBs Non-ortho-PCBs PCDD/DFs Mono-ortho-PCBs Non-ortho-PCBs PCDD/DFs
Carbopack B (0.5g) 2 13 84 99 85 100 — — 6 53
Carbopack C (0.5g) 0 1 95 102 89 97 0 08 15 33 1 10
Carbon/SiO, (0.5g) 24 78 88 95 78 98 31 80 43 86 2 41
Alumina (1.29) 56 67 84 94 87 102 28 76 78 100 86 106
—: No data.
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Elution pattern of dioxins from alumina and carbon adsorbents with 10m¢ DMSO.
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Fig. 4 GC-LRMS total ion chromatograms(m/z: 40-600) of flue gas sample. (a) in figure shows the

chromatogram of eluate from multilayer silica gel column before treatment of concentration column.

(b)-(e) in figure shows the chromatograms of dioxins fraction (upper) and waste fluids (bottom) from

each adsorbents.
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Fig. 5 Flow charts of developed method. (a): for GC-MS, (b): for Bioassay.
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Table 4 Recoveries and repeatability of '>Cj,-labeled PCDD/DFs and Co-PCBs isomers for flue gas stock

solution.
Toluene (n=3) DMSO (n=3)
Isomer Average of recoveries (%) RSD (%)  Average of recoveries (%)  RSD (%)
1,3,6,8-TeCDD 101 3 83 3
2,3,7,8-TeCDD 97 11 92 2
1,2,3,7,8-PeCDD 93 6 95 6
1,2,3,4,7,8-HxCDD 101 6 94 2
1,2,3,6,7,8-HxCDD 92 6 96 3
1,2,3,7,8,9-HxCDD 94 9 92 4
1,2,3,4,6,7,8-HpCDD 93 1 88 5
OCDD 99 4 84 4
2,3,7,8-TeCDF 91 8 91 2
1,2,3,7,8-PeCDF 103 6 92 1
2,3,4,7,8-PeCDF 95 8 91 1
1,2,3,4,7,8-HxCDF 92 3 93 2
1,2,3,6,7,8-HxCDF 90 7 85 4
1,2,3,7,8,9-HxCDF 90 13 101 3
2,3,4,6,7,8-HxCDF 85 7 89 4
1,2,3,4,6,7,8-HpCDF 93 5 82 3
1,2,3,4,7,8,9-HpCDF 96 6 86 4
OCDF 98 3 82 3
3,4,4'5-TeCB #81 98 5 72 8
3,3'4,4-TeCB #77 105 4 73 5
3,3'4,4'5-PeCB #126 103 7 71 6
3,3'4,4'5,5'-HxCB #169 101 2 72 7
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Fig. 6

TEQ concentration measured with GC-MS [ng/m&]

Results of parallelism test from prepared samples, the eluate from multilayer silica gel column ( A ) and

DMSO solution from alumina concentration column (), in flue gas stock solution. Plotting of the

assay values against sample dilutions should be straight with zero intercepts.
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Table 5 Recoveries of analyte (2,3,4,7,8-PeCDF) from different volumes (100 and 150u€) of sample spiked

with two analyte concentrations

Sample volume [pf]

100 150
Analyte added [ng] Quantity measured [ng]
0.40 0.36 £0.02 0.38+0.04
1.60 1.28 £ 0.01 1.11+£0.06
The amount of increase [ng]® 0.91 0.74
Recovery® 76% 61%

(a): The difference in quantity measured between the solution of analyte added 1.6ng and analyte added 0.4ng.
(b): Percentage recovery calculates for each sample as follows: Recovery (%)=The amount of increase [ng] / quantity expected (1.2ng) x 100

— 14—
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