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Overview

Introduction

e POPs
e Resolution Improvement
e Current Challenges with Dioxin analysis

/B-Dioxin Applications

e Exceeding EPA 1613 requirement

e Balance of Resolution and Speed

e Extend lifetime with Guardian

e Dioxins & PCBs

e Robustness with Real Sample Matrix
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Factors Influencing Resolution

Master Resolution Equation

1 +k

Retention

Efficiency Selectivity

N = theoretical plates a = K,/k, k = (tg-1)/1,
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New Zebron ZB-Dioxin GC Column

° Unique selectivity for improved 2,3,7,8-TCDD and
2,3,7,8-TCDF resolution

* |deal selectivity for Dioxins and PCBs

° Optimal phase volume ratio for shorter run time

° Extensive cross-linking through ESC™ (Engineered
Self Cross-Linking™) for low bleed and high

temperature stability to minimize GC-MS
maintenance and system downtime

ZB-Dioxin is a Single column solution for Dioxins & PCBs



ﬂaditional ZB-Dioxin Upgr%

Current Challenges with Dioxin Analysis

Single Column
Single GC-HRMS

Fast Analysis

Extended lifetime
with Guardian
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ﬂaditional

ZB-Diom

Upgrade

320/340°C

4

High Throughput

Single Column for
PCB & Dioxin

High Temperature
Resistance



2,3,7,8-TCDD on Zebron ZB-Dioxin GC column

60 meter x 0.25 mm x 0.20 um

100

J

High Resolution of 2,3,7,8-TCDD, exceeds 25%
valley EPA-1613 method requirement. This
extends column lifetime

App: 26010

20 21 2z 23 24 25

2,3,7,8-TCDD on Brand A Premium 5MS
60 meter x 0.25 mm x 0.25 um

100

26
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=28 29 30 33 min.

2,3,7,8-TCDD is not completely

resolved and reduces lifetime

App: 26011
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26
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28 29 30 31 32 33 min.

GC-HRMS Method Conditions

Columnl: Zebron™ ZB-Dioxin

Dimensions: 60 meter x 0.25 mm x 0.20 um

Part No.: 7KG-G045-10

Column2: Brand A Premium 5ms

Dimensions: 60 meter x 0.25 mm x 0.25 um

Injection: Pulse Splitless (2.0 min, 60 psi) @ 280 °C, 1 pL

Recommended Liner: Zebron PLUS 4 mm ID Single Taper
Liner Part No.: AG2-0A10-05

Carrier Gas: Helium @ 1.25 mL/min (constant flow)

Oven Program: 160 °C for 2.4 min to 200 °C @ 25 °C/min
t0220°C @ 5 °C/min for 19 min to 288 °C @ 4 °C/min to
300 °C @ 5 °C/min for 7.6 min

Detector: HRMS
Transfer line Temperature: 300 °C

Analyte:
1,3,6,8-TCDD
2.1,2,3,7-TCDD
3.1,2,3,8-TCDD
4.2,3,7,8-TCDD
5.1,2,8,9-TCDD

Pl g2 (O 2
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Single Column Solution for EPA-1613

Zebron ZB-Dioxin GC column Complete resolution of 2,3,7.,8—_TCDF on a single GC-HRMS Method Conditions
60 meter x 0.25 mm x 0.20 um column ZB-Dioxin Columnl: Zebron™ ZB-Dioxin

100 , Dimensions: 60 meter x 0.25 mm x 0.20 um
Part No.: 7KG-G045-10
5 s Column2: Brand A Premium 5ms
Dimensions: 60 meter x 0.25 mm x 0.25 um
Injection: Pulse Splitless (2.0 min, 60 psi) @ 280 °C, 1 pL

Recommended Liner: Zebron PLUS 4 mm ID Single Taper
Liner Part No.: AG2-0A10-05

L U L J L /\J L Carrier Gas: Helium @ 1.25 mL/min (constant flow)

20 21 22 23 24 25 26 27 28 29 30 31 32 33 min',

App: 26012

. Oven Program: 160 °C for 2.4 min to 200 °C @ 25 °C/min
Brand A Premium 5MS t0220°C @ 5 °C/min for 19 min to 288 °C @ 4 °C/min to

60 meter x 0.25 mm x 0.25 um 2,3,7,8-TCDF are not completely resolved and need an 300 °C @ 5 °C/min for 7.6 min

100,

additional GC column to confirm isomers separation

Detector: HRMS
s Transfer line Temperature: 300 °C

| L I

20 21 22 23 24 25 26 27 28 29 30 31 32 33 min.

Analyte:

1,3,6,8-TCDF
1,3,4,7-TCDF
2,3,7,8-TCDF
1,2,3,9-TCDF
1,2,8,9-TCDF

App: 26013

Pl g2 (O 2




100 -,

u

it
il
i
U
&
18
ll

Zebron

. GC Columns _~

Traditional Solution for EPA-1613

Incomplete TCDF separation on a traditional 5SMS Phase Traditional ZB-Dioxin Upgrade

~ 60min Analysis time :

App: 26013

L L L * 5MS phase does not completely resolve TCDF

d
20 21 22 23 24 25 26 27 28 29 30 31 32 33 min.

Isomer specific separation to be confirmed on a 225

TCDF Isomer separation on 225 Phase phase

1128
2@#3‘“ ~30 min Analysis time .
By 1845 Traditional

L1 [E .

ZB-Dioxin Upgrade

1 [App: 26153
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GC-MS/MS analysis of Dioxins on Zebron ZB-Dioxin GC Columns

Complete Baseline separation of 2,3,7,8-TCDD using

SINGLE column ZB-Dioxin Analyte Analyte

: 1.1,3,6,8-TCDD B AR App: 26058 s 1.1,2,3,4,7,8-HxCDF
" Tcop 2.1,2,3,4-TCDD o] 2.1,2,3,4,6,8-HxCDF
) o . _ 051 3.1,2,3,6,7,8-HxCDF
12 Aon: 26055 3.1,2,3,7-TCDD/ 1,2,3,8-TCDD 0s] PN,

) pp 2 3 4.1,2,3,9-TCDD g;: 1 2 3 . 4.2,3,4,6,7,8-HxCDF
iy 5.2,3,7,8-TCDD o6 5.1,2,3,7,8,9-HxCDF
0.4 6.1,2,8,9-TCDD 0.3
0.2- 6 0.2
) /\\ 0.1

225 23 235 24 245 25 255 26 265 27 275 28 285 29 205 30 305 31 315 32 325 min. 0 42 425 43 435 44 445 45 455 46 465 47 475  min.

45 i I 1

4 Analyte 35+

: Anal

35, TCDF | App: 26056 1.1,3,6,8-TCDF 3 0oCDD App: 26062 1'12 \CltDeD
H 2.2,3,7,8-TCDF 25- ’

* l 3.1,2,8,9-TCDF 2' Sharp peak shape for late eluting analytes

2 15-

15 14

" 05 J

05 L a .

1Y I ) R SR  C—" | 516618 52 522604 526528 53 632534 536 538 54 542544 546548 55 5652 654 556 658 56 562 504 56.6 56.6 min.

225 23 235 24 245 25 255 26 265 27 275 28 285 29 295 30 305 31 315 32 325min. cs. .
o]

i i ! s5- App: 26061

i | OCDF pp:

| Hxcop | APP:26057 2 2 Analyte o8] Analyte
25 ) 1. 1,2,4,6,7,9-HxCDD 3‘;: 1. OCDF
al 2. 1,2,3,4,7,8-HxCDD 3

15 3. 1,2,6,7,8-HxCDD 2'::

i 4. 1,2,3,7,8,9-HxCDD ’fj

041 0.5

0. 0

o 425 43 35 a4 445 45 455 % 465 o 75  min 516 518 52 522 52.4 52.6 508 53 532 534 53.6 53.8 54 542 644546548 55 562 654 556 558 56 56.2 56.4 56.6 56.8min.



T I
ne 0 1058
s B4R

131630

13C-L3TRTCOF
nn
1825
PIOLTEE

ZB-Dioxin Column1

L31 CHEAMUM 2100

BE0 _23TE-TCOF 34766
40265 1362 9277134
1291165 4055

10403032

11397043

T
2340 2380 2400

ZB-Dioxin Column2

TCDF Separation
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ZB-Dioxin Column3

App: 26076

Relative Retention Time (RRT)

Compound % RSD
Column1 Column2 Column3

2,3,7,8-TCDF 1.000 1.000 1.000 .

1,2,3,7,8-PeCDF | 1.098 1.097 11.097 0.05% o]

2,34,7,8PeCDF | 1.127 1127 1128 0.05%

1,2,3,4,7,8-HxCDF | 1.220 1.223 1.223 0.14%

1,2,3,6,7,8-HxCDF | 1.225 1227 1.228 0.12%

STy T T Low % RSD =
2,3,4,6,7,8-HxCDF | 1.248 1.249 1.248 0.05%
1,2,3,7,8,9-HxCDF | 1.280 1.277 1.277 0.14%
1,2,3,4,6,7,8-HpCDF | 1.321 1.319 1.319 0.09%
1,2,3,4,7,8,9-HpCDF | 1.382 1.381 1.381 0.04%

OCDF | 1.482 1485 1485 | 012%

Why compromise your Dioxin analysis quality with
an average separation on a 5% Phenyl GC phase

when you can upgrade to the Zebron ZB-Dioxin that
is specially tailored for reproducible Dioxin analysis.




2,3,7,8-TCDF Comp
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ZB-Dioxin

App: 26159
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Comparative separations may not be representative of all applications.




2,3,7,8-TCDD Comparl

Brand A Premium 5MS

Brand A 5MS

Brand R Dioxin
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Comparative separations may not be representative of all applications.
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ZB-Dioxin

P_00040 631287 HRDXNCP_00040
25‘23,7‘5984}1291013 —23.78-TCDD
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App: 26163
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JXNL4_00087
1,2,3,6,7,8-HXCDF;31.82;1.94e5,3462788
_2,34,8,7,8-HXCDF
32

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

1.42e5
K 2134586
1.74e5
2883610

Brand A Premium 5MS

JXNL4_00087

13C-1,2,3,4,7 8-HXCDF _ 31.80
31.68 36se5 240
3.36e5

6503026

6361426 j\ 3333

U T T I T T T U T T
150 31.00 31.50 32.I]l] 32.5EI 33.00 33 50 34.00

MS HRDXNL4_00087 1.2.3.7 8:8-HCOF

1,2,36,7,8-HXCDF,31.61,3.03¢5,4824691 23301:5
234, ara HxCDF 3457969

A

MS HRDXNL4_00087

2585
3903651
1C12ATEHODF L 5151

5.64e5 3220

Nt

Brand A 5MS

55795
9716057 9253558 K 3317
T T T T T T T T T
14 31.00 31.50 32.00 32.50 33.00 33.50

Hexa Furan Separation

HRDXNL4_00087 1,2,3,7,8,8-HYCDF
1,2,3,6,7.8-HXCDF;36.42,3.2485,5881393 37.94
2.75e5

Long Run time

1,2,3,4,7 8-HxCDF _ _2,3,4,6,7,8-HXCDF
36.32 3709 3996585
2.79e5 2.99e5
4919743 4919052
T T T T Ll T
HRDXNL4_00087

136123476 HODF v yeBrand R Dioxin

5.69e5 9747423 37.94
9293672 n
o
—
o
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12347 8-HCDF_  1,238.78-HiCDF 31,991 11651674975

31.85
1.11e5 1237B9—HXCDF
1731223 g 5624
1336716

Short Run time and

L LAl LA D A ER R RA R | EARSSEEZRY RunRs AREAI LA
o1 3ol better separation
31.83 1.85e5 32.66 33.75
2.02e5
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2933662 q A
T

T T T T T
32 a0 32.50 33.DD 33.50 34.00

Comparative separations may not be representative of all
applications.
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Better Separation of Octa Dioxin/Furan on B-ioxin
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| Vs, e
~90 mins ~40 mins

Long Analysis Time

©
©
—
©
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Q
<

OCDD = Brand A Premium 5MS
12 sec apart Brand R Dioxin
16 sec apart
13COCDF L
OCDD n
13COCDF ﬂ
Brand A 5MS
OCDD 12 sec apart
13COCDF
100 : :
0OCDD ZB-Dioxin
2 21 sec apart
13COCDF
T 3800 4000 = 4200 4400 4600 4800

Highest Resolution= Accurate quantification
Short Analysis Time

Comparative separations may not be representative of all

applications.



Brand A Dioxin

/B-Dioxin Compariso

ZB-Dioxin
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Comparative separations may not be representative of all applications.

Brand A Dioxin ZB-Dioxin

Upgrade

A4 M 320/340°C

Brand A Dioxin

* Poor resolution

* Long Runtime

e 290°C

* OCDF did not elute
till 60min

ZB-Dioxin Upgrade

* Better Resolution

* Shorter Run time

* 320/340°C

* Up to 35% faster
analysis



/B-Dioxin : Combination of Better Resolution and Speed

Separation Criteria

Brand A Premium 5MS

Brand A 5MS

Brand A Dioxin

Brand R Dioxin

ZB-Dioxin

2,3,7,8-TCDF Requires additional Requires additional | Requires Passes Exceeds Requirement/
Column Performance Test Mix column column additional column Single column solutior,
2,3,7,8-TCDF Fail Fail Fail Passes Exceeds Requirement
Comprehensive Test Mix Single column solution*
2,3,7,8-TCDD Pass Pass Pass Pass Exceeds 25% valley J
Column Performance Test Mix resolution
2,3,7,8- TCDD Close to 25% Close to 25% Close to 25% Pass Exceeds Requiremenv
Comprehensive Test Mix
OCDD/13C-OCDF Separation 12 sec 16 sec Not eluted within | 12 sec 21 sec

time window v
Run time 40 min 40 min 60+ min 48 min 40 min /
Temperature Limit 325/350 °C 325/350 °C ~290 °C 320/340°C 320/340 °C /




150000
140000
130000
120000
110000
100000
90000
50000
70000
60000
50000
40000
30000
20000
10000

Time—=

Fast PCB Analysis on a 40m ZB-Dioxin GC Column

9.00

9.50

10.00

10.50

11.00

11.50

12.00

Short Run time of
less than 15 min

12.50

13.00

13.50

14.00

PCBSl
PCB 28
PCB 69
PCB 52
PCB 70
PCB101
PCB 81
PCB 77
PCB 123
PCB 118
PCB 153
PCB 105

PCB 164
PCB 163
PCB 138
PCB 126
PCB 167
PCB 156
PCB 157
PCB 180
PCB 169
PCB 170
PCB 189

2,4' 5-Tr|ch|orob|pheny|
2,4,4'-Trichlorobiphenyl
2,3',4,6-Tetrachlorobiphenyl
2,2',5,5'-Tetrachlorobipheny
2,3',4',5-Tetrachlorobiphenyl
2,2',4,5,5'-Pentachlorobiphenyl
3,4,4',5-Tetrachlorobiphenyl
3,3',4,4'-Tetrachlorobiphenyl
2',3,4,4' 5-Pentachlorobiphenyl
2,3',4,4',5-Pentachlorobiphenyl
2,2',4,4',5,5'-Hexachlorobiphenyl
2,3,3',4,4'-Pentachlorobiphenyl
2,3,3',4',5',6-Hexachlorobiphenyl
2,3,3',4',5,6-Hexachlorobiphenyl
2,2',3,4,4',5'-Hexachlorobiphenyl
3,3',4,4',5-Pentachlorobiphenyl
2,3',4,4',5,5'-Hexachlorobiphenyl
2,3,3',4,4',5-Hexachlorobiphenyl
2,3,3',4,4',5'-Hexachlorobiphenyl
2,2',3,4,4',5,5'-Heptachlorobiphenyl
3,3',4,4',5,5'-Hexachlorobiphenyl
2,2',3,3',4,4' 5-Heptachlorobiphenyl
2,3,3',4,4',5,5'-Heptachlorobiphenyl
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Reproducible PCB Analysis on a 60m ZB-Dioxin GC Column
|

Number Compound Description RT (min) Area-RSD%
1 PCB 31 2,4',5-Trichlorobiphenyl
Abundance TIC: ZJ-03-09-mix-02 D\data ms 23.026 0.666
700000 1 S e D e 2 HEBIES 2iimliicloobipheny]
TIC: 7J-03-09-mix-05 D\datams | 13,14 3 PCB 69 2,3',4,6-Tetrachlorobiphenyl 23.922 0.763
feo0m 1,2 TIC: 2J-03-09-mix-03.Didata ms 4 PCB 52 2,2',5,5'-Tetrachlorobipheny 24.140 0.962
600000 5 PCB 70 2,3',4',5-Tetrachlorobipheny 26.145 0.472
550000 6 PCB101 2,2',4,5,5'-Pentachlorobiphenyl 26.897 0.976
500000 7 PCB 81 3,4,4',5-Tetrachlorobiphenyl 27.867 2.696
450000 8 PCB 77 3,3',4,4'-Tetrachlorobiphenyl 28.212 2.228
400000 15 9 PCB 123 2',3,4,4',5-Pentachlorobiphenyl 28.770 2.660
350000 ) 78 910 11 19, 2 10 PCB 118 2,3',4,4' 5-Pentachlorobiphenyl 28.901 2.626
300000 34 6 16 17 18 23 11 PCB 153 2,2',4,4',5,5'-Hexachlorobipheny 29.492 1.652
250000 1w 21 12 PCB 105 2,3,3',4,4"-Pentachlorobiphenyl 29.734 2.262
200000 13 PCB 164 2,3,3',4',5',6-HexachIorob.iphenyl 30,280 2302
150000 14 PCB 163 2,3,3',4',5,6-Hexachlorobiphenyl
100000 15 PCB 138 2,2',3,4,4',5'-Hexachlorobiphenyl 30.365 3.382
0000 16 PCB 126 3,3',4,4' 5-Pentachlorobiphenyl 30.752 3.198
. L | L JL__]J . L“_l | S 17 PCB 167 2,3',4,4',5,5'-Hexachlorobipheny! 31.231 0.605
Time-> 2300 2400 2500 2600 2700 28600 2900 3000 3100 3200 3300 3400 18 PCB 156 2,3,3',4,4',5-Hexachlorobiphenyl 31.943 0.670
19 PCB 157 2,3,3',4,4',5'-Hexachlorobiphenyl 32.089 2.127
20 PCB 180 2,2',3,4,4',5,5'-Heptachlorobiphenyl 32.346 1.292
21 PCB 169 3,3',4,4',5,5'-Hexachlorobiphenyl 33.065 1.653
22 PCB 170 2,2',3,3',4,4' 5-Heptachlorobiphenyl 33.228 2.432
23 PCB 189 2,3,3',4,4',5,5'-Heptachlorobiphenyl 34.093 1.510




Zebron

“ GC Columns _~

Fast GC-MS/MS Analysis of 20 PCBs

5
1,2 3 4 7 14,15 18 20 .
1 6 8 5 GC-MS Conditions

&3 Column: Zebron ™ ZB-Dioxin

Dimension: 40 meter x 0.18 mm x 0.14 um

Part No.: 7PD-G045-47

Injection: 1 pL, Splitless for 1.5 min@ 290 °C
Recommended Liner: Zebron™ PLUS Liner compatible with
19 Agilent & Thermo GC instrument

Part No.: AG2-0A13-05

Carrier Gas: Helium @ 0.8 mL/min (constant flow)

‘i Oven Program: 45 °C for 0 min to 175 °C @ 50 °C/min,
e J |I

11

0.8+

App 1D 26563

0.6 1645

0 12

|

0- - LL J ULU Lt U | 10 min

T [ [ [ [ [ [
9 10 | 12 13 14 15 16 17 18 19 Detector: GC-MS
Counts (%) vs. Acquisition Time (min) Transfer Line Temperature: 300°C
Mode Scan (100-450 m/z)
Source Temperature: 300 °C
Quad Temperature: 150 °C
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Fast GC-MS/MS Analysis of PCBs

Fast GC-MS/MS Analysis of PCBs and Dioxins on a Single Zebron™ ZB-Diaxin

GC Column
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Fast GC-MS/MS Analysis of 36 Dioxins & PCBs
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Retention Time (min)

Robust Dioxin Analysis with Real Sample- Fly Ash
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Reproducible Retention Time of Mid-Level Calibration Standards of Tetra through
Octa Dioxins and Furans During the Robustness Experiment
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Analyte Name

Internal Standard

29.74

OCDF

15.18 1,3,6,8-TCDD
16.95 2,3,7,8-TCDD 13C2,3,7,8-TCDD

17.53 1,2,8,9-TCDD

16.52 2,3,7,8-TCDF 13C2,3,7,8-TCDF

17.83 1,2,8,9-TCDF

18.67 1,2,4,7,9- PeCDD

21.25 1,2,3,7,8-PeCDD 13C 1,2,3,7,8-PeCDD
21.76 1,2,3,8,9-PeCDD

17.43 1,3,4,6,8-PeCDF

19.78 1,2,3,7,8-PeCDF 13C 1,2,3,7,8-PeCDF
22.32 1,2,3,8,9-PeCDF

20.79 2,3,4,7,8-PeCDF 13C2,3,4,7,8-PeCDF
25.97 1,2,3,4,7,8-HxCDD 13C1,2,3,4,7,8-HxCDD
23.81 1,2,4,6,7,9-HxCDD

26.30 1,2,3,4,6,7-HxCDD

26.08 1,2,3,6,7,8-HxCDD 13C 1,2,3,6,7,8-HxCDD
26.20 1,2,3,7,8,9-HxCDD

24.90 1,2,3,4,7,8-HxCDF 13C 123478-HxCDF
25.08 1,2,3,6,7,8-HxCDF 13C 123678-HxCDF
26.69 1,2,3,7,8,9-HxCDF 13C 123789-HxCDF
26.69 1,2,3,4,8,9-HxCDF

25.87 2,3,4,6,7,8-HxCDF 13C2,3,4,6,7,8-HxCDF
28.15 1,2,3,4,6,7,9-HpCDD 13C1,2,3,4,6,7,8-HpCDD
27.70 1,2,3,4,6,7,8-HpCDD

27.55 1,2,3,4,6,7,8-HpCDF 13C 1,2,3,4,6,7,8-HpCDF
28.48 1,2,3,4,7,8,9-HpCDF 13C1,2,3,4,7,8,9-HpCDF
29.59 0CDD

13COCDD
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Improved Resolution of Hexachlorinated Dioxins in Real Sample- Fish Qil
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Robust Dioxin Analysis with Real Sample- Fish Oil
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Robust Dioxin Analysis with Real Sample- Fish Oil
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Zebron Guardian™ Benefits
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Summary

Introduction

e POPs
e Resolution Improvement
e Current Challenges with Dioxin analysis

/B-Dioxin Applications

e Exceeding EPA 1613 requirement

e Balance of Resolution and Speed
e Extend lifetime with Guardian
e Dioxins & PCBs

e Robustness with Real Sample Matrix y
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