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Background - Review
Industrial Sources of CO,

+ Unique Distribution Chain

e Natural Wells P N

e Fuel Combustion

e Bio-Fermentation

e Ammonia Production

e Chem-Process Off Gas

e Feedgas Source — Producer — Transport — Regional Depots —Transport —
Storage — Production

Many Potential Impurities



ISBT Bev-Gas Quality Challenges
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ISBT CO, Purity Guidelines

INTERNATIONAL SOCIET Y of BEVERAGE TECH

“The List”
CO, Purity 99.9% min Process
Moisture (H,0) 20 ppm v/v max Process
Oxygen (O,) 30 ppm v/v max Sensory

Carbon Monoxide (CO)

10 ppm v/v max

Process / Regulatory

Ammonia (NH3)

2.5 ppm v/v max

Proecess

NO / NO,

2.5 ppm v/v (ea) max

Regulat

Non-Volatile Residue (NVR)

10 ppm x/x max

Sensory

Non-Volatile Organic Residue (NVOR)

5 ppm w/w max

Sensory

Phosphine (PH,)

0.3 ppm v/v max

Regulatory

Total Volatile Hydrocarbons (THC) & 50 ppm v/v max — including Sensory
TNMHC 20 ppm v/v TNMHC

Acetaldehyde (AA) 0.2 ppm v/v max Sensory
Aromatic Hydrocarbon Content (AHC) 20 ppb v/iv max (as benzene) | Regulatory
Total Sulfur Content (TSC*) less SO, 0.1 ppm v/v max Sensory
Sulfur Dioxide (SO,) 1 ppm v/v max Sensory
Odor of Snow No foreign odor Sensory
Appearance in Water No color or turbidity Sensory
Odor & Taste in Water No foreign odor/taste Sensory
Supplemental HCN / Vinyl Chloride None detectable—best method | Report




Where Does SIS Technology Fit-In vs
Traditional ISBT CO, Analyzers?

« CO, Purity:  Zahm/Nagel or GC/MS

Data St*ation

e Moisture: Dew Cu|

A




What Is Soft lonization Spectrometry?

SIS Is a Mass Selective Analyzer:

CO, Sample is continuously injected into a Low Energy
lon" Beam of Hg* or Xe* or Kr* = soft ionization gas (Sl

Sample impurities (analytes) softly fracture into only a few
characteristic ion fragments

— Fragments are size-separated by a scanning RF field.
Software-selected analyte ions are counted by a pulse
detector

— SIS Display = “impurity hit list name + ppm level” =
total analysis time = a few seconds

So, Tell me more about how this SIS thing works




The “Soft lonization” Process

Pressure
(mbar)
_ Controlled
Continuous Inlet Block
Sequential
CO, Sample, _
Span or Zero Detection
Gas In Of Desired
Separate
Sample lons Analyte lons
A*+ \
e De (
Primary Octapole Secondary Octapole Quadrupole
SIG Beam Focus Form Sample lons RF Filter
B*+A>A*+B Integrating

<—— Soft lonization Gas

Display: Analyte Names
Hg* or Xe* or Kr* play y

& ppm amts



Bl @ -ty
IS8 The “Soft lonization” Process
Soft lon Gas In SIOW MOtIOn Scan-Selected

BEAM Analyte lons Formed lon Separation Zone Analyte lon

Analyte Names & ppm amts

SIG ION Beam
Focusing Sample

RF Mass Filter Pulse
Octopoles

Capillary Inlet Quadrupole Detector



SIS Analyzer System
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SIS Analyzer — Under-the-Hood
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SIS - a “New Application” of
an Established Technology

® SIS is a relatively “mature” technology

® Established Applications:
- Environmental Air Testing
- Engine Exhaust / Catalyst / Diesel Studies
- Medical e.g. Disease Diagnosis by Patient Breath Analysis

- European + Emerging USA/Canada CO, Supplier QC

- PET bottle recycling & mfg quality testing*

- Gaseous Headspace Food & Beverage Testing (Fragrance ID* &
Brand Profiling*)

- Other Applications where many analytes might exist for only
milliseconds & must be quickly ID'd & quantified

* AND Beyond???




PET Bottle Recycling-High Speed QC Testing*

*AND Beyond — for another day




Fragrance Mass Moment
ID Profile*

__ Apple juice, peach juice, pear juice, grape juice; apricot juice, tomato
— juice, sour cherry juice, currant juice, water

 Tomato|Juice—"""

*AND Beyond — for another day




So, How might SIS work In the
“Real World” of Bev-Gas Testing?

Our R&D Objectives & Current Focus

e Develop SIS Methods (SIG, AM, Scan, Count)
for key 1ISBT-listed CO, impurities

e Evaluate: LDR / Sensitivity / Precision / Accuracy
& DL vs ISBT Method Guidelines

e /dentify potential interferences + their influence +
develop corrective actions

e Evaluate: Analysis - Calibration Strategy + SIS
Ops & Maintenance Requirements




5B 516G & AM Selection Process

Sometimes its “easy”

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
;'d File Configuraktion Status Tools  Window

X
Mass Scan-Hg : e Wi

Calibrate

Molecule | Walue | Uit | Cps | ZA...|

AM = Analytical Mass

SIG = Hg . . . : : :
Evaluation of I ; : : ...Ethyl Benzene +.

BTEX | . omp Xylenes
Frag Patterns : : : : : '

Note: Only Molecular lon
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SIG & AM Selectlon Process — The “Frag Factor”

(Sometimes its not-so-easy)

—AM = 44 = COZ Parem

Trace AM =45
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SIS - Aromatic Hydrocarbon (AHC) Data

(ISBT CO, Limit = 20 ppb v/v as Benzene + report all other target AHC’s)

Our Results
AHC SIG | AM LDR DL Interference (s)
ppb viv ppb viv
B LT O -
enzene | Hg | 78 | {500+ LT1 | Nonefoundito-date
LT O -
Toluene | Hg | 92 | 500+ LT1 | Nonefound:
Ethyl
Benzene None found-to-
+ Hg 106 | 1-1000+ | LT5 | Note: EBz + Xylen
measured as Total
o,m,p
Xylenes

Speciation Information B-T-EX

Use of Benzene Cal Gas for Indirect Cal of TEX works v. well




SIS Data: B-T-EXin CO, @ 28 ppb v/v level

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

74 File Configuration  Status  Tools  Window
o v E7IE

m Measure
| [prb] EtBz+yl 106~ |

% |00.02:00 =

- Standby [ppb] Benzene -78 ﬂ
2500

- Calibrate E0.0

_. 60 pipb marké i s s
w (BT S S— -

| walue | Unit | Cps | za.]
280 15
2,269 1.7
6424 1.0

Molecule
W Benzene 78 270 ppb
M Toluene -92 288 ppb
[ EtE =yl 106 1159  pph

B-T-EX Std in CO2

Benzene + Toluene
@ approx 28 ppb v/v 9

EX =116 ppb viv
ISBT max = 20 ppb

0 - . sl : sl , ]
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& BB« i 12:19Pm
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SIS Data: B-T-EXin CO, @ 15 ppb v/v level

¥&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

74 Fle  Corfiguration  Status Tools  Window

[mbar] R e 1
o gl gl

B-T-EX Method -

- Save...

Maolecule

| walue | Urit | Cps [ za |

W Benzene 73
M Toluene 92
W EtBzexyl 105

146  ppb 1520 21
146  ppb 1157 24
B05  ppb 3369 1.4

[ppb] Benzene -78 j

% |on0z:01 =

| [pb] EtBz+yl 105~ |

250.0

EO.0 \

60 ppl:} scale mhrk

ISBT 20 ppb
AHC Limit
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@ 15 ppb viv
EX @ 61 ppb viv
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0.0 ppb viv L

0 : In-.....
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Ll ] '- ] DD
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SIS - Volatile Sulfur Compounds (VSC) Data

ISBT Limit = 0.1 ppm v/v as TSC* = sum of VSC target impurities excluding SO,, SO, = 1 ppm v/v max

Useful Speciation information achieved

VSC SIG | AM ';p?'? p!?'; Interference (s)

0-— PH, @ AM = 34 (Note: PH, =
HZS Hg 34 1000+ LTS | Rare) DB e
COS Xe 60 1806_'_ LT 5 None found-to-d
SOZ Xe 04 1806_'_ 5 None found-to-d

MeSH Hg 48 1806_'_ LT 5 None found-to-date
CSZ Hg 76 1806_'_ LT 5 None found-to-date
Vinyl Chloride (VCL) AM

DMS

0— correct using AM = 64 iso

+ Hg 62 - LT5 | (Note: VCL = rare)

EtSH

Note: Measures Total DMS
EtSH




SIS Data: VSC in CO, @ 110 ppb v/v level

Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

‘;'4 File Configuration Status Tools  MWindow

irlet [mbar]

= Meosue I Sto) o0 -]

Malecule | Walue | Uit | Cpz | KA |
Il s02-564 010 ppm 4033 20
AW cos -50 0116 ppm 11185 1.2
O MeSH-43 0103 ppm 15845 1.8
W H25- 34 0126 ppm BO200 32

H2S = 0.13 ppm+
COS =0.12 ppm ~_|

S02 =0.11 ppm —

ISBT —>
TSC* Limit
0.1 ppm viv

Zero CO9

Std

005 20 01:05 40 01:07 00 0:007 20 01:07 40 01:08 00 01:09 20 01:08 40 01:09 00

L

0.000
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¥&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

;'d File Configuration Status Tools  Windows

VSC Method

ma I “ VI8

[ppm] COS - B0

¥ |00:03:00 =

|lepmlH2s -3¢ =]

Limit
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| Yalue | LIt

| Cps

IET
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0.5
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0053

PRI
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PRI
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2500
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16
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for COS
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Zero CO9 Std
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SIS Data: VSC in CO, @ 13 ppb v/v level

¥&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]

;'d File Configuration Status Tools  Windows

= Measure VSC Method

- Standby lppml COS-60 =] % 0000 =

~ Calibrate 0.025 E E
\\ 0.025 ppm

Save..

moar) T (T
s il

scale mark

Molecule | Yalue | LIt | Cps | KA. |
COMz0z2-64 002 ppm 1583 33
M cos -E0 omz  ppm 2738 25
[ MeSH-48 003 ppm 2395 46
W H2S - 24 0M3  ppm 990 71

H2S = 0.013 PPM—__|
C0OS =0.012 ppm —

S0O9 not shown =
below DL @ SIG = Xe

0.000 ppm -
mark

0.0 ; ; ; ; ; ; il
01:3611  01:36 20 01:36 40 01:37 00 01:37 20 01:37 40 01:3800 01:38 11
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SIS - Volatile Oxygenated Compounds (VOX) Data

ISBT Limit = 0.2 ppm v/v as Acetaldehyde (AA) + Speciation information needed for THC/TNMHC calcs etc.

VOX SIG AM LDR DL Interference (s)
FR = Frag ppm v/v ppm v/iv
Acetone = Major INT, i-PA =
JAYAY Hg 43fr 0-5+ | LT 0.05 | INT,i-Butanes = INT, n-
Butane= minor INT
DME Hg 46 0 -5+ LT 0.05 No effect on NO, = INT
No effect
MeOH Xe | 31" 0-5+ | LT0.05 | Noeffecton
EtOH Hg | 45" 0-5+ | LT0.05 | \Gorecton”
N-Butanol | Hg | 56" 0-5+ | LT0.05 | No effect on AA
Acetone Hg | 58 0-5+ | LT0.05 | jpaoraasftect Buta
EtOAC Hg | 70" 0-5+ | LT0.05 | NoeffectonAA

Other VOX impurities studied to date: n /i -Propanols, i -Butanols, Ethylene Oxide




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone /0.00 AA — INF Corrected

Key to Success is having accurate Interference Correction Data

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Dperator Interface]
‘,'d File Configuration Status  Tools  Window

AA + Acetone Method

- Standby

[omlas-23 7| % |on02:01 =5

~ Calibrate 5.00

I[ppm] Acetone - B8 j

5.0

= 50ppmva ___________________ 5.0 0 ppm Viv

----- 45
scale mark for AA scale mark

Molecule | Walue | Llrit | Cpz | °/oA...|
1M scetone-52 24 ppm 236,788 0z

. _ ; ; § § for Acetone
EM 2 - 23 o0 pem 70708 01 : : : : : .

Acetone Std = 2.4 ppm viv
in CO2 with 0.00 ppm viv
AA present

Software Interference

Factor (INF) % Correction
applied

2.48 ppm viv

g @S PPMVIV. L A N S D AR - AR 20

Acetone in COs| !

INF Corrected AA

measurement = 0.00 ppm ~L
viv

009 03 01:09 20 01:09 40 01:10 00 01:10 20 01:10 40

i 00
01:1100
a Startl I-:j Y&F Yiewer 1.1 - [ Ai.. -ﬂ_] Documentd - Microsoft .., | .3 My Documents

& B« H i siuzem




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone + AA — INF Corrected

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools  \Window

g inlet
| stop AA + Acetone Method -
[oomldd-43 x| % Jooo1m = |[ppm) cetane - 58 |
00 \\ s s s s s A
|

Molecule | Walue | Unit | Cps | b : AA
M Acetone -58 253 ppm 239270 0.3 :
| e -43 250 ppm 264,323

[mbar] "'||||””||||"" """uu

,  50ppmviv N . Soppmviv.
] scale mark for | scale mark |

fo:r Acetone

INF = ON

2.5 ppm viv Acetone -,
AND
2.5 ppm viv AA —

(software corrected AA
value)

0,02+ ; ; ; | : — 0.00
| > 03:26 20 03:26 30 03:26 40 0326 50 03:27 00 032710 03:27 20

47 W&F Viewer 1.1 - [ Ai.. B]Y0X SIS Method Develop, ., & @| [ e i 7:29PM




SIS Data: VOXin CO, @ 2.5 ppm v/v Acetone/AA if NO INF Correction

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]
;"d File Configuration Status Tools  Wwindow

5 nlet [mbar] 1NN Il
En AA + Acetone Method om N
[pmlis-43 x| w [ooorm = f [ppr] Acetore - 58+ |
15.UD~K I - B.00
15.00 ppm viv : : g :
:  5.0ppm iy

1350--L----scale mark for AA e " gale mark T am
Molecule | Yalue | Unit | Cps | A H : : :

B icstore-58 256 ppm 242,233 03 for A¢ etone

TLEE  pom 1012953 K | 1200t boeenooooenee ------------------- proreenseeeeesee ------------------- + 400

1043--?1--2--5 pﬁm AAin- COZ std ap]aears as an 11 6-ppm- Wv AA----1380

INF = OFF level wnhout Acetone Correctlon Factor”

899 ------------------- T 3.00
a 2.5 ppm viv AA level ' ' ' ' ' ' '
appears to be an 11.5
ppm AA level in
presence of 2.5 ppm viv
Acetone - without
Acetone INF correction
applied!

02— : : : : : L 00
| L4 ¥ 03:28 50 0329 00 032910 03:29 20 0329 30 03:29 40

47 Y&F Yiewer 1.1 - [ Ai.. B]v0% SIS Method Develop. .. 2 @| [« 2 73t pm




SIS Data: VOXin CO, @ 0.27 ppm v/v AA + Acetone INT Correction

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools  \Window

=/

AA + Acetone Method -

[ppmlds-43 x| % |oo.0n:o = |lppm] Acetone -58 ~ |

0.50

scale mark
for Acetone

Molecule | Yalue | Unit | Cps
M Acetone-58 030 ppm 30,405
pprm /3918

Acetone = 0.3 ppm viv

0.27 ppm viv AA in CO2
(Acetone-Corrected)

ISBT 0.2 ppm viv AA Limit

002 : ; ; ; ) — 0.00
| > 0357 10 03:57 20 03:57 30 0357 40 03:57 50 0358 00 035810

47 W&F Viewer 1.1 - [ Ai.. B]Y0X SIS Method Develop, ., & @| [« 3% 8:00PM




SIS Data: VOX in CO, @ 0.1 ppm v/v AA + Acetone INF ON/OFF

E Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;’q File Configuration Status Tools  Window

Sample inlet [mbear] I||||| || II |||||||||
Erm— o K4
omlas-43 -] % Jonoton = Iizpm] Acetone - 58~ |

lﬁﬁﬁ@' 1.00 . . . . . . 1.00

‘\,1¢)ppmvai ;10 mvi,’v/‘

oS _qalﬁ__ma_r_lx__f@__r_%__________1___________________j___________________j__s_c_al';pmark or-

Moleculs | walue | Unit | Cps HA - - : : : Acetone .

[AM fcetone-58 - 014 ppm 16,237 ; ; ; ; ; ;
0.78 pprm 116,118

AA = FAIL! =
False Positive

Effect of INF @ ISBT Fallure

limit region

ISBT 0.2 ppm v/v AA Limit

N

0.14 ppm Acetone in CO» N

0.14 ppm v/v AA in CO2 -
Std - INF Corrected § : INF Turned OFF at this pomt

0,00+ : ; ; ; ; ; v .00
040535 04:05 40 04:05 60 04:06 00 04:06 10 04:06 20 04:06 30 04:06 36

& @| [« i3 a0sem




SIS Data: VOXin CO, @ 0.07 ppm v/v AA —if No Acetone present

Y&F ¥iewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

;'d File Configuration Status Tools  Window

AA + Acetone Method
[ppmjad-43  ¥| % |oo:0z:01 = fippm] 4cetone - 68 |

- Calibrate

Sawve...

Moleculs | Walue | Llrit | Cpz
B Acetone -58 000 ppm 2,998
W s 43 n.o7 ppm 73,257

Low level AA
response in absence
of Acetone
interference

0.07 ppm viv AA in CO2 -7

(Acetone = 0.00 ppm v/v)

Zero COZ'-

002 ; ! T ; ; ; ; - (100
1] | I 0258 20 0258 40 02:53 00 02:53 20 02:59 40 03:00 00 030014

:f_'startl | 27 wer viewer 1.1 -[ Ai. ] v0x 515 Method Develap. . & @| [|e 23 7i02PM




SIS - Volatile Hydrocarbons (VHC) Data

ISBT Limit = 50 ppm v/v THC as Methane including 20 ppm v/v max as Total Non-Methane HC'’s

VHC sic | AM | LDR DL Interference (s)
fr= Frag ppm viv ppm viv
CH4 Xe 16 1OOO_+ LT 0.5 None found-to-date
Ethane Xe |30 | 455, | L1005 | NOTNI
Ethane =

Propane Xe |29 | 9= | 17005 | NT@Frag

10+ = Minor INT
N-Butane Hg | 58 0-5+ | LT0.05 | MinorINT for A
N-Pentanel | Hg | 42 | 0-5+ | LT0.05 | ID@AM=72Pare

Note 1. n-Pentane C-C-C-C-C — C'E'C (AM=42)

Other VHC's not studied-to-date




SIS Data: O, in CO, @ 16 ppm v/v (CO, MK-UP System Employed)
Use of CO,-based Cal Gas Stds is recommended for all Analytes

= V&F Viewer 1.2 E@

File Configuration Status Maotes Tools Service  Window  Help

Airsense.net - User Administrator, - Operator Interface

e e EVIG
_CO2Method - \ds

[ppra] 02 00 == [ppE] Toluene -92 -

tualecule Walue Unit

EHEEEEE

<] [£] &l &l 5] [5] [5]

ppb

[<]

ppm
ppm

16 ppm O, in CO2 Std

0 ; ! : o
142700 142500 142900 143000 14:31 00 14:32 00

CO4Inlet Make-up System
Employed

P — : T
1y Start = VB Viewer 1.2 [ @ Civeripata [ B search Results [ B 3 wordpad - rE Calculator Q{lv i 2i23pM




SIS Data: H,O in CO, @ 8 ppm v/v Level
Use of Indirect H,O Cal Method @ SIG = Xe is viable option

Y&F Yiewer 1.1 - [ Airsense.net - User: Administrator - Operator Interface]

‘,'d File Configuration Status Tools Window

H Measure

- Standby

- Calibrate

Molecule | Walue | Unit | Cps | Ea

[#] W H20 Isotope-20 8.4 ppm 3769 1.3
AW H0 18 94 ppm 727707 01

SIG = Xe
AM = 18 Extreme
Sensitivity

Requires COo Make-up
System to Reduce
Background Counts @
AM =18 for viable
ISBT LDR 0 - 40+ ppm
viv

Also need Dry H,O-filtered
Zero CO, gas
for accurate results

H20 Method [EE—

moa) [T
rﬂ'ﬂ ||||m|||| i

[ppmlH2018 7|

20.0—

x [onfiE:-00 =

I [ppm] H20 Isotope-Zj

20.0

Inlet
. Adsorption
20 -4

e b

SHg:ht-Ze ror Gas? Offset---- 20
needs Zero Gas re-cal

«| | »

0.0 — ;
021040 02:11 00

0211 20

0211 40

021200

021220

0212 40

. . - 0.0
021300 021220 021337

a4y 5tart| 8 Bz 032206 - Microsaft W... | ] BTEX 032206 - Microsoft ... | 8] owygen in COZ SIS Meth, . | ] H20 in CO2 515 Mathad ... || 2% V&F Viewer 1.1 -[ Ai..
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SIS — Data for Other ISBT Listed CO, Impurities

. AM
Impurity | SIG FR = Frag LDR DL Interference (s)
IS = Isotope ppm viv PP
O2 Xe 32 0-40+ LT1 None found-to-date
HZO Xe 18 0 - 30+ LT 1 None found to-date
NO Hg | 30 0-5+ | LT0.05 | Nonefou
NO, Hg | 46 0-5+ | LT0.05 | DME=IN
NH3 Hg 17 0-5+ LT 0.05 None found-t
VCI = INT
HCN Xe 27 0-5+ LT 0.1 | HCN Lower DL @
+ Kr
VCI Hg 64's 0 -5+ LT 0.05 Use VCI Isotope AM

Note 1: PH; study not completed SIG = Hg, AM = 34

Note 2: CO work was not successful for this ISBT application




SIS Applicability to ISBT

- CO, List

ISBT LISTED IMPURITY

SIS Measurable?

Comments

CO, Purity

NO (but positive CO, ID)

Can’tdo N,, H,, Ar

Moisture (H,0)

YES (use CO, Make-up Gas)

Can go sub-ppm range

Oxygen (O,)

YES (use CO, Make-up Gas)

Requires O, in CO, Stds

Carbon Monoxide (CO)

NO

Poor Sensitivity issues

Ammonia (NH;) YES Needs passivated inlet
NO / NO, YES (+ speciation) Some minor INF's (not common)
Non-Volatile Residue (NVR) NO Can’t do particulat

volatiles

Non-Volatile Organic Residue (NVOR)

NO (but C6+ = Yes)

Can'tdo V. HIM

Phosphine (PH,) YES (+ H,S) PH;= RARE | Can't distinguish fro

Total Volatile Hydrocarbons (THC) & THC = YES Get CH, + Algorithm
TNMHC TNMHC = YES TNMHC'’s vs THA-FID
Acetaldehyde (AA) YES (+ VOX speciation) Needs corrections for IN
Aromatic Hydrocarbons (AHC) YES (B-T-EX) V good precision / low DL

known INF’s

Total Sulfur Content (TSC*) less SO,

YES (+ speciation)

Algorithm Sum of VSC'’s

Sulfur Dioxide (SO,) YES Easily Speciated from COS
HCN =) V. Low DL no common INF
Vinyl Chloride YES V Low DL




SUMMARY I
SIS Performance vs Traditional Bev-Gas Analyzers

® Speed: Advantage vs many analyzer systems (e.g. LT 1
full ISBT analyte list) |

® Footprint: Good vs common analyzer rack systems

® Versatility: Flexible list of monitored impurities vs most

* Speciation Capability: Less than GC but advantages V& s
analyzers. Minimizes DT use. |

® Measurement Quality: LDR / Precision / DL: equivalent or superior to
traditional analyzers

® Freedom from Interferences: Mixed — Application dependent: For AHC - is
superior to many systems. Awareness of interferences is key to success (e.g.
AA). Proper SIG / AM selection, Sequencing + Software-correction routines are
effective in most cases.

® Calibration: Indirect Calibration = advantage. Recommend CO, based Cal gas
— a disadvantage

® Support: Does not require He, N,, H,, Zero Air or expert/skilled operators

® Maintenance: Need for periodic SIG gas replacement + SIG Filament changes




Where do we go from Here?

-Trace O, in Bev-Grade N, (NEW ISBT N, Guidelines coming)
- Impurities in PET bottles, preforms & resins (e.g. AA levels)

=
SIS-based Methods for trace aromatics in new / aged pagkaged
beverages (shelf-life / stability testing)

-AND Beyond??




CO, Feedgas Method R&D - NatWells
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CO, Feedgas Method R&D — NatWells
Method Optimization In-Progress

= V&F Viewer 1.3 HEES

File Wiew Status Configuration Motes Tools Service Window  Help

Airsense.net - Lser Service - Operator Interface

Airzenze 07-13-044

m Measure

I~ Standby

Sample inlet [mbar]

~ Calibrate

m Save..

Unit | C
PR
PR

......................................................................................

———————————————————————————————————————————————————————————————————————————————————————

.......................................................................................

.......................................................................................

r E Calculator rﬁ Y&F Data Files 1.3

1y Start

= [
VEF Vigwer 1.3 [ veFHistory1.3.. _ 7] Q{;uﬂ(ﬁ € 26PN

n?



CO, Feedgas Method R&D - BioFerm
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The “Soft lonization” Process — NEW CO, System
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New CO, I\/Iake-up System
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NEW - ISBT List SIS Calibration Strategy
(3 Combo Cal Std Cylinders — CO, Balance Gas +
Certified — 3-stage filtered CO, Zero Gas Std)

SIS Cal Std #1: Benzene - COS -AA -CH,

SIS Cal Std #2: Acetone — DME — DMS - O,

SIS Cal Std #3 Option 1: CO — Ethane — MeOH — NO,,
o]
SIS Cal Std #3 Option 2: CO — n-Pentane — EtOH — NO,

Certified Zero Gas — ISBT-List Tested 20 Ib Tank of High [BU¥|
bank Filtered (H,0 — Charcoal — O, scrubber cartridges)

List of key Cal Std analytes selected -- based on SIG Gas + AM'S
used + interference correction routines used & ability to act as
accurate surrogate stds for other ISBT List target analytes (e.g. H,S,
SO, , NO, TEX, H,0, HCN, etc)




NEW THC / TNMHC / TCS*+ TOVO Algorithms

Required for SIS data correlation to existing (historical) THC (FID), GC and
TSC Analyzer Data + ISBT / Bottler Impurity Guideline Limits

THC (FID) Equivalence: R;’s of all common THC (FID)
active impurities (e.g. C2-C5 VHC's + VOX + VSC
targets established & algorithm written —to convert
SIS data into THC(FID) “equivalence as CH,” values +
TNMHC calculated (THC — CH,).

TSC* Equivalence: SIS Algorithms written to properly
calculate TSC* value (based on ISBT Method 14.0) of
all SIS speciated VSC targets — less SO.,.

TOVO (Total “Other” Volatile Oxygenates) Equivalence:

SIS Algorithm written to calc TOVO from SIS speciated
VOX data.
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