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History
GC Analytical Methods

® All isomers/congeners can be separated from each other with a
minimum of two columns (Ryan, J., 1991) and GC HRMS

* Typically used: 60-M GC column, 5% phenyl liquid phase,
separates many congeners, but not with complete resolution

HOWEVER..

® Confirmation still required, generally with “high-cyano” liquid
phases

ex. for 2,3,7,8-TCDF Method 1613 suggests a 225-phase



Dioxin and Furan Analysis

e Dual column method

— Usually 5% diphenyl column and a high-cyano column (eg
Rtx-225)

— Cyano columns have poorer lifetimes and lower maximum
operating temperatures

— 5% diphenyl phases do not have the selectivity to accurately
guantitate most samples
« USEPA requires 2,3,7,8-tcdf to be confirmed on a X-225
e Desirable to have both columns in the same oven, and
to Improve the separation of the “5”, or employ a single
column which achieves the necessary separation



R
PCDD and PCDF Target List

# 0ff Chllerine HDIOXINS HEUENS
elra 22(1) 36(1)
penta (2l 26(2)
jexa 10(3) 16(4)
jepta 2(1) 4(2)
OClA 1i(5) 1i(5)

() numbersiare 2,3, 7,6-Sunsttuied COngeners



Tetra-dioxin resolution check standard on 5%
diphenyl / 95% dimethyl| stationary phase

2: Volta

+
99999999
222222

1237/1238
2378
1239

1234

60-M X 0.25 mmi.d. X 0.25 um d.f.



How Resolution Affects Quantitation

Quantification of 20 ng/uL
Reference Standard (Results Based

v Jusuodwo)
q jusuodwo)

N

on Multi-level/Multi-component

Calibration):
Component A & B

Component A

Component B

Rep 1
Rep 2
Rep 3

Rep 1
Rep 2
Rep 3

Rep 1
Rep 2
Rep 3

19.85
19.29
19.36

21.48
20.79
20.95

18.48
18.48
18.52

16.3
16.46
16.25




Achieving Analyte Separation

ReselUtIen
R=1/4 | L/ x(k/k+D)x (oL / o)

Capacity Factor

Selectivity.
o=k, k;

TTRermoeeynamics:
AG = Al - TAS AG =- RT In Ky



Modeling - Energies of Interaction

CH /c:|© j@

/
F@ %I @F Separaiion: (Aw) = AAG




3-Space Selectivity Model for 3 Compounds

Phase 2

20 - Compound B

15 - »‘;K

10 '

5_
10 {5 Eb 2'5 .3*0 Phase 3
Compound A
Phase 1 Compound C
Surface=FAHAS




+ o Example Result:
Demeton-O on

& - &=

o e e . ~IPDMS
g - o Observed AG =
- e e -1.14E4 Jmol

. . * * Caculated AG =
Ll '; -1.13E4 Jmol




Tetra-dioxin resolution check standard on 5%
diphenyl / 95% dimethyl| stationary phase

2: Volta

+
99999999
222222

1237/1238
2378
1239

1234

60-M X 0.25 mmi.d. X 0.25 um d.f.



Rtx-Dioxin2 Capillary GC Column

TCDD Resolution Mix 2378 =

1368 1238/1239

1237/

1234 |
-




Dioxin Window T

1.90€

123?8 Voltage SIR 14 Chan?:lsek_lf,&léJ

2.77€
12479 \12379
123478
124679, \ /123678
~J23789
1234679”  \1234678
Voltage SIR 14 Channels El
457.73

4.63e

OCDD



1368/

2378
1289

IS 13468 12378 23478
12389

123478

123468

\

Furan Window

123678
| 234678

~123789

1234678
1234789

OCDF

Voltage SIR 14 Channels El
303.90
8.57¢

Voltage SIR 14 Channels El
375.81
2.52¢

Voltage SIR 14 Channels El
407.78
1.24¢




GC program
for RTX-Dioxin2e




o
TCDF Resolution on RTX-Dioxin2e

TD TF WD
mayl2 resl8 2: Voltage SIR 20 Channels El+
303.9016
1.68e6

2378
1260 1239 1289
2347/48

2: Voltage SIR 20 Channels El+
317.9389
5.19e5

13C-2378
15C-2378




TCDF 1on channel for flyash extract

c101863-0004

mayl2 reslb 2: Voltage SIR 20 Channels El+

303.9016

Flyash Extract 5.90e5

mayl2 reslb

2: Voltage SIR 20 Channels El+

13C12-2,3,7,8-tcdf

317.9389
9.97e6




TCDF ion channel for sewage sludge

c41917-0004 .5/10

julo4 dx03 s3 Sm (Mn, 2x1

2: Voltage SIR 20 Channels El+
303.9016
2.17e4

Sewage sludge

julo4 dx03 s3 Sm (Mn, 2x1 2: Voltage SIR 20 Channels El+
317.9389
1.06e6

13C- 2378-tcdf



-
Table | - 2,3,7,8-TCDF (pg/qg)




R
TCDF I1on channel for Biota sample

c101775-0003

2: Voltage SIR 20 Channels El+
395.8182
3.72e4

- DPE ion channel

may09 res13 SIR 20 Channels El+

tcdf
may09 resl3 2: Voltage SIR 20 Channels El+
317.9389
7.39e6
- 13C-2378-tcdf




o
Potential resolution between DPEs and

Furans

c101775-0003

may09 resl13 2: Voltage SIR 20 Channels El+

395.8182
3.72e4

DPE ion channel

may09 resl3 2: Voltage SIR 20 Channels El+

303.9016
3.16e4

tcdf

may09 resl3 2: Voltage SIR 20 Channels El+

317.9389
7.39€e6

- 13C-2378-tcdf



2: Voltage SIR 20 Channels El

TCDD I

2: Voltage SIR 20 Channels El
331.93¢
9.38¢

23/8-TCDD
T




5% Phenyl Column Resolution Mix
RtX-DIOXIN2

1239-tcdd

1237/38-tcdd

13C-2378-tcdd

13C-1234-tcdd




-
Table Il - 2,3,7,8-TCDD (pg/qg)




ay06 res9 3: Voltage SIR 20 Channels El
341.85¢

PCDF

ay06 _res9 3: Voltage SIR 20 Channels El
351.90C

23478-PCDF

12378-PCDF




-
Table lll - 1,2,3,7,8-PCDF (pg/qg)




-
Table IV- 2,3,4,7,8-PCDF (pg/qg)




3: Voltage SIR 20 Channels El
355.85

PCDD

3: Voltage SIR 20 Channels El

12378-PCDD




HXCDF 1on channel in Flyash sample

c101863-0004

4: VVoltage SIR 16 Channels El+

4: Voltage SIR 16 Channels El+

123678-HXCDF
123478-HXCDF
234678-HxCDF

13C-HXCDFs 123789-HXCDF



o
Table V - 1,2,3,4,7,8-HxCDF (pg/g)




o
HxCDD 1on channel for sediment

EC-2 10uL

mayl4 res30 4: Voltage SIR 16 Channels El+
mayl4 res30 4: Voltage SIR 16 Channels El+

123478-HXCDD  123678-HxCD™

123789-HxCDD
13C-HxCDDs



-
Table VI - 1,2,3,7,8,9-HxCDD (pg/g)




407.78
4.03¢

HPCDF

417.82¢
3.68¢

1234678-HpCDF

1234789-HpCDF




5: Voltage SIR 11 Channels El
423.77¢

HpCDD

1234678-HpCDD

1234679-HpCDD



OCDD/OCDF

OCDF

OCDD

6: Voltage SIR 9 Channels El
441,742
6.96¢

6: Voltage SIR 9 Channels El
457.73
3.15¢

6: Voltage SIR 9 Channels El




.
Rtx-Dioxin2 Capillary Column

 Proprietary backbone stabilized polysiloxane designed for toxic
dioxin and furan analysis by GC-HRMS

o 340 maximum operating temperature in standard fused silica
tubing

« Can be used as secondary confirmation column for Rtx-Dioxin,
or other primary columns like 5% diphenyl phases

« Can function as single column for stand-alone dioxin and furan
analysis — and has been accredited for use as such
— Clive Robinson ALS Environmental —Queensland Australia

« Chromatographically separates the chlorinated diphenylethers
from the furans — especially important in biota matrices

e Columns available:

— Cat# 10758 - 60 M X 0.25 mm i.d. X 0.25 um d.f.
— Cat#10759-40M X 0.18 mm i.d. X 0.18 um d.f.



