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Helium and Profitability of Drinking Water Testing Labs
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N, from Generator
H, from Generator*

The Helium Crisis
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Helium to Hydrogen Migration: Practicalities

 Hydrogen Carrier Gas: « GC-MS Tuning
Baking & HC Background
Water Spectrum Check

e VVan Deemter Curve

 Thermo Scientific Position

Resolution Assurance
Target Tuning (DFTPP & BFBs)

» Hydrogen Safety Points

» Cylinders vs. Generators

Performance:
U.S. EPA Methods 524 & 525

Linearity (measuring accuracy)
 Sensitivity (MDLSs)

* Spectral Integrity

* lon Ratio Stability

e GC Inlet and Column
 Maintenance

* Mode of Injection
e Liner Selection
e Column Selection

Before you migrate to hydrogen carrier gas on your GC-MS
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Carrier Gases: Physical Properties

____

Molecular Mass, Da

Density, kg/m3 0.18
Diffusion Coefficient, cm?/s 0.55
Viscosity, Pass x 10° 23.2
Uy, CM/S 20

opt?

0.09

0.60

10.3

40

Carrier Gas Density: Less is Better
Diffusion Coefficient: More is Better**

Dynamic Viscosity : Less is Better

1.25 1.78
0.15 0.20
20.9 27.0

12 <10

** On the RHS of the van Demmter curve, that is.

* Crystal Lattice Density Analogy only, O.Fryazinov; A.Pasko; V.Adzhiev Computer-Aided Design 2011, 43(3) 265-277 ThermoFisher
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Dynamic Viscosity vs. Temperature

Viscosity (Pa-s x 10-6)
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Carrier Gases Efficiencies: Van Deemter Plots
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Effect of GC Oven Heating Rate: PCB Mix
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Effect of Flow Rate
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Peak Shape and Critical Separations

RT: 11.87-13.34

12.2
1005 o

NL:
5.23E6

* H,, 2 mL/min

MS level5

11.88 1197 12.02 12.11 12,14 12.26 1234 1237 1253 1256 1263 1272 1276 1281 1287 1293 13.01 13.06 13.12 13.17 13.26

12.65

NL:
E 7.26E6
E . miz=
* He, 2 mL/min
| I 13.23 276.50

MS levels

3 1190 1194 12,03 12.05 1209 1216 1221 12.25 12.27 1237 1242 1246 1252 12.54 1272 _12.75 12,84 12.87 12.94 1298 13.03 13.13
L1500 At s M g Mttt s d At e Rt M s gt et 500 i Mt A At et e A it e el ettt Ak i
1.9 120 1241 12.2 123 124 125 126 12.7 128 12.9 13.0 13.1 132 133

Time (min)

Indenol[1,2,3-cd]pyrene & benzo[g,h,i]perylene

MINIMIZED BAND BROADENING OF PAHs

MMMMM

Benzo[b&k]fluoranthene




Thermo Scientific Position on Hydrogen with GC-MS

* Hydrogen Kit
* Required to Run with H,
* Required for H, Specifications
* Includes Hydrogen Sensor
* Requires 300 L/s Turbo Pump

 Thermo Scientific™
Hydrogen Systems

« ISQ™ Single Quadrupole GC-MS
« TRACE™ 1300 Series GC
« TSQ™ 8000 GC-MS/MS

* Explosion Tested
& Safety Certified

« Upgrades in the Field

* All existing ISQ GC-MS Systems
are either already H, capable or are
upgradeable with 300 L/s Turbo and
H, Kit

* |F you decide to use your existing
Thermo Scientific™ DSQ™, DSQ Il
& ITQ GC-MS with H,, you do so at
your own risk (no Safety
Certification)

|
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ISQ GC-MS Hydrogen Carrier Installation
Specifications

* ISQ Single Quadrupole GC-MS
« Guaranteed installation specifications with hydrogen carrier gas
* Choice of either He or H, on installation spec sign-off
* PCI/NCI same S/N!

Standard Installation Specifications*
Mode / Concentration He H,

In EI mode, 1 uL of 1 pg/uL octafluoronaphthalene (OFN)
will produce the following minimum signal to noise for m/z 1,500:1 | 100:1
272 when scanning from 50 — 300 u:

In PCI mode, 1 yL of 100 pg/uL benzophenone will produce
the following minimum signal to noise for m/z 183 when 300:1 300:1
scanning from 80 — 230 u using methane reagent gas:
In NCI mode, 2 pL of 100 fg/uL of OFN will produce the
following minimum signal to noise for m/z 272 when 600:1 600:1
scanning from 50 — 300 u using methane reagent gas:

11 * Requires Hydrogen Kit for H.. ThermoFisher



ISQ GC-MS Technical Brief - AB52360
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Moving from Helium to Hydrogen as a
Carrier Gas for the Thermo Scientific

1ISQ GC-MS System

Introduction

The purpose of this technicall brief is tn demonsirate the
use of hydrogen as a carmer gas fior GE-MS rather than
the traditsonal mae of befvem Fhe workd-wide shorage
of Befirs has prompied masy his tn invesigaie the
fieasthittty of adoptesg the nse of hydrmgen as 2 @mes
pax The avatlabtny of hydroges penerazors provides

a safe, steady, and resewable supply of Bydroges for
pruper isstrument cpesatin. This beef summartzes
what i needed bo transttion your 15 GC-MS system
1o e hydrogen as 2 carmer gas. For more detatls

and a discosion of how ciangisg the @mier gas
affects chromaingraphy, please refer to the G2
applicaiion note (AMNS2362: Moving from Helium i
Hydrogen as a Carrier Gas for GE-MS Applications:
Fracikal Comsiderasions).

Experimental Conditions
The 150} GC-MS spars used in this study was paired up
with @ Therse Scientific TRACE 1300 GC equipped wis a
splizsplitless injerior and Thermo Scenisfic Xmbbur costrol
software. The H and CF modes with Bydrmgen carrier gas
were both iestzd wsing a Thermo Scemific TG-S0
bt cotumes 30m = 025 mm id = 025 wm {The compa-
razwe data with Belfum as carrier gas are shown for
TGO st oolume 15 = 0.25 mm id = .25 pm).
The GC-MS parameters wers st to typical cperating
comditions with caly some dight chasges to accom=adate
for the carrier gas differences. A Tharme Sclentific
hydrogen semmor was iestalled ad st to alarm if 2
hydrogen leak ooomered inside the GO oven. A cpfinder of
THF hyckogen was wsed in this case bot a UHP Eydrogen
enerator s recomeendad for sfety reasons. For GE-MS,
It i best o s @ generaor with a palladess diffoson
dryer, otkerwise the gas sream will have excesive wazer
vapor. The mazisem smoest of moisze sust be bedow
1 ppm. Exampies of hydrogen generaors may indude,
but are nit Hmied io the folkrwing: Parkes Balsion®
H2FD Serles (hitpiwyw | abg generatons. comyd
hydrogengemeraiors) and F-IHE5™ Whd-H2 Series
(=t camiusEydropen sk =im)®

* Themn Py Scicnitfic docvmat ox wamany e

ey ,.ﬂ._u o Themades
o« =
b 1 sl pany apspran.

The syste= senssivity was mch thata 1 gl mjsctica of

1 ppypl. st elded 2 dysal-ironoke (S0 o of 2t
lext 1001 {Pgoee 1) for coafleoroesphthalens §0FM) i E1
mode. Chemicl ioesmson () yiekdal ST of at et 300:1
{Pgpmee ) a=d 6001 {Figare 3) for 100 py bemenphencer and
200 iz OFN repecetehe

Results and Discassion

The sensstvity in the EI mode with the bpdrogen carrier
i 34 tmes bower than Belmm due to the increase in
background moise. The £3 made, howewer, does mot prodnce
thes effact and yasids typscal 524 values thae ame comparable
o thoke pherrverd with Betrem. Dependisg on the apphiatom
i, theoves mmp aadior cobemn dimessions will have i
[be admeted o acoment for the lowes visoosty of Bydengen.

Conclusion

It has been desvonsirased that the G GE-MS can be
=afely (mking all mecesary sisty precautions) converszd
o nse bpdrogen & carrier gas ratker than hettum,
Depending om the complenmy of the applictian, the GC
parameters will require adpesimest w0 arcommodaie the
chifferences hetween Se two gases. For  bsbof renmsended
part mumbers for comenzag e spaes o e Bydogen and
2 desiled technical disuedon, ischeding wan Deemier cave
plots and comparisces of vasions chromatograms and
comditims, refer to the comeponding appiication
motz [ANS2362: Maoving from Helfem to Hydrogzn

asa Carrier Gas for GC-MS Applications: Practical
Cmsiderazions).

Thermo
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Hydrogen Gas Safety

« Safety Precautions
* Hydrogen sensor in GC oven
* Venting hydrogen
* Therisk is minimal
» Can be estimated & prevented

H2 Sensor Active system

« Safety Facts on ISQ GC-MS and TSQ 8000 GC-MS
- Explosion Tested & Explosion Certified

Catde Form corfal it

* No detaching/flying pieces
even IF hydrogen inside goes boom...

* Itis really hard in practice to reach explosive
limits of hydrogen in the lab space ...

... and the GC oven is monitored by the sensor

13



Hydrogen Purity Specifications

GC-MS Hydrogen Generator

O, <0.01ppm
H,O <1 ppm

THC N/A

Hydrogen FID Fuel Grade

O, <1lppm
H,O <3 ppm
THC < 0.5 ppm

Hydrogen Grade 5.0 UHP
O, <1lppm

H,O <3 ppm

THC < 0.1 ppm

Hydrogen Grade 6.0 UHP
O, <0.1ppm
H,O <0.5 ppm
THC < 0.1 ppm

14
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Hydrogen Generators: Choose the Best

How the generator works

Water/oxygen

Water/hydrogen — s tor i
separator —— epara Float Gas drying

Water ____
tank

15




Understanding Hydrogen Plumbing

* Tubing
* Gas Filter, triple stage Stainless steel preferred
1/8” pre-cleaned

New tubing is preferred
over used with He

'cfﬁ\l . * Filter — only need with tanks

For removal of water,
oxygen and hydrocarbons

What you need to know about plumbing up hydrogen to your GC

16 ThermoFisher
SCIENTIFEFIC



Limits on Hydrogen Flow and Column Selection

1 mL/min hydrogen on 0.25 mm X 30 m column

/

-

Column Flow Calculator

/ )

-

Column Flow Calculator

=)

17

Column parameters Column outlet pressure Column parameters Column outlet pressure
Length {m) 0.0 (™ 1Mm ™ Vacuumn  © Other Length {m) 200 " 1Am © Vacuum § Other
B B 2 & o i
Outlet pressure (psi) 0.00 Outlet pressure (psi) 0.00
Inside diameter jmm) 0.250 J J Inside diameter (mm) 0.180 J J
B N 2 & O i
Temperature (°C) Carmier gas parameters Temperature (°C) 0 Camier gas parameters
ﬂ J Gas t"_l"pEZ I—hrdmgen - ﬂ J ﬂ 1 t‘_l"pE: thjmgen -
I Inlet pressure (gauge, ps Flow {ml/min): 0.958 [ Inlet pressure (gauge, psi) 896 Flow {ml/min): 1.001
< [ &
Velocity (cm/sec): hZ.86 Velocity (cmisec): 6618
Holdup time: (sec): h6.8 Holdup time (sec): 302
Close Feset Close Fe
1 mL/min hydrogen on 0.18 mm X 20 meter
column
ThermoFisher
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GC-MS Tuning

* Dealing with HC background
ions and water

Bake out at 350° C with
hydrogen flow at 4 mL/min

Shows similar tune to that
with helium

 Mass Resolution: good

« Target Tuning for DFTPP and
BFB

Special tuning sequence to
meet EPA tuning criteria

18
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Bake-out at 350 "C with H, @ 4 mL/min for 1 hr
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Air Water Spectra: m/z 29 and m/z 19
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]
[unin Report' He vs. H
g - - 112
e =
miz 68,60 miz 130,93 miz 218 53 iz 413,05 miz 501 87 Folarity Poaitha
Int 14,199,108 Int 7,286,803 Int 7,591 682 Int 185,211 Il 228,545 Electron Lens
F¥HM 045 FWHM 0.47 FUvHM 0.45 FYVHIN 0.51 FWHM 0,51 Votlage 1o
Electron Encigy 0 eV
Emission Cumant 50 pA
fon Gulde Freguenay 16186
0 Fraguensy 0808
WMulliphar Voltage 1754 8 W
Detactor Gain A0xinas
MS Transfer Line OO0
Filamént Selaction 1
lon Sowrce Temperalure  250.0 *C
Fasling Prossurs T&mTarr
lof Gaugs Pressung 15% 10" -6 Tor
LI W o 1= sl e Tl ai el wm oo o
ET - kil 1= REL) m HT He = anl Eil o e ]
[Full Scan Spectrum Not Aoquired
Mezs Theary Abundance  Relative Abundance Izolope Mass Theoredical — Isofope Abundance lastope Ratlo
lsotope Meas
69.03 69.00 4,973,356 100.00 B9.98 OO0 73,388 148
131.00 13099 2,607,640 5243 131.95 131.99 113,566 435
2180 218.99 2,591,609 21N 210.95 210.99 160,777 G682
41398 41598 79,576 1.60 41507 414,58 4789 11.04
502,06 50157 120,545 242 503.00 502 .97 g.527 70
Alrt Water Check: H20 (%1860 12 Laak chack not perfomed
M2 28165} 5470
02 (%369} 424
G2 (%4458} 220
M2/ H2O [Hh2ar18) 202
Target Tune Factors:
Mass afl ] 131 218 414 502
Scala 1 Qag 041 0.28 012 013
Signature:

He

miz 63.07 miz 13107 miz 21300 miz 414.00 miz 502.00 Ellon Source Type  EI
Int 5,001,266 Int 5,352,776 Int 7,660,687 Int 176, 106 Int 176,578 Folarity Positive
FWHM 0.70 FWHM 0.63 FWWHM 0.45 FWHM 0.48 FWHM 0.47
Electron Lens Voltage 15V
Electron Ensngy Toev
Emission Current 50 pA
lon Guide Frequency 15505
21 Freguency 10871
Muttiplier Voltage 14311¥
Detector Gain 30=10*5
ME Transfer Line 30.0°C
Filament Sehection 1
lon Source Tempersture 325.0°C
Forgline Pressure 51 mTorr
= Jg)' li\ . ‘,‘:'J. = TR lon Gauge Pressure 56x10~-65Tor
L = ™ T F = a7 "~ e = = =
Full Scan Spectrum Not Acquired
Mass Theory Abundance  Relstive Abundance |sotops Mass Theorstical  |sotops Abundance |sotops Ratic
|sotops Mass
[:3- ] 63.00 6,210,653 100.00 T0.07 T70.00 TEZZ4 1.26
130.59 120.99 3,716,574 59.85 13203 131.59 133,672 3.60
219.04 218.59 3,676,688 59.20 Z20.06 219.59 157,400 428
414.00 413.58 90,746 1.46 415.02 414,598 7,855 8.66
50200 501.597 92,223 1.48 503.04 502.97 8,481 2.20
Airl Water Chack: HZO {3t18/a5) 50.06 Lesk check not performad
N2 {28765} 2270
02 (W32es) 6.4
CO2 (%44/69) 5.42
M2 [H20 [%28018) 0.45
Targst Tuns Factors:
Mass 50 7] A1 213 414 502
Scale 1 0.56 052 0.81 0.42 0.44
Signature:

H,

ThermoFisher
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EPA Method 8270 Performance Mix (DFTPP)

RT: 4.03-8.70
RT: 6.90 NL:
AA: 22134292 2.15E7
BP:184.15 TIC MS
100— g
E Helium cis
90— RT: 5.86 DFTPP
- AA: 15396601
80° BP: 198.03 RT707
E RT: 5.53 AA: 18017012
o 70= AA: 12295161 BP: 235.06
g = BP: 265.91
S 60=
C —
2 -
2 50-
g -
= 40—
© -
T 30-
20-
10-
0= RT. 527 NL:
AA: 19434464 RT 6.20 2.69E7
. BP: 197.98 AA: 20663815 oM
- Hyd rogen BP:184.13 ICIS
- RT:7.02
: AA: 19668080 Peak 1 pentachlorophenol
80- :165.
e Peak 2 DFTPP
e KT 490 Peak 3 benzidine
- AA: 9725003 ’
50— BP: 265.85 Peak 4 pP,p -DDT
40~
30—
20°
10%
07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86
Time (min)
29 ThermoFisher
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DFTPP (Decafluorotriphenylphosphine) Spectrum

100 198.00 Helium NL: 2.73E6
| dftpp4#1315 RT:
E 528 AV:1SB:1
907 524 T:{0,0} +cEl
b Full ms
80 [35.00-500.00]
E 442,00
70
@ -
Q |
=
S 607 127.01
° oY
s -
< 507
<
= 3
F 407 110.00
CE 77.05
30 68.97
1 5103 255.01
204 206.06
B 107.02 129.02
] - 186.05 275.00
104
B 81.03 167.09 224.04 244.05 423.01 H
7 | 156.05 101 296.01 364.92 .
0 \‘SZ 0\3 “\H“mm Al ‘H‘MM“‘ ‘ STI90 | KT T TR H el il | ‘u \‘ ol \H‘m‘ . ‘ [ Al Ll ‘323\'02 ?3'4'00 [ 391-7679.40%"97 h . 469.66 490.76
100 197.99 NL: 4.04E6
E DFTPP12#1310 RT:
E 527 AV:1SB:1
907 524 T:{0,0} +cEI
B Full ms
80 Hydrogen [35.00-500.00]
70
504 127.02
50
E 44201
407
ER TR 110.01
30 6897 |
E 255,00
207 107.01 129.01 206.07
3 186.06 275.01
107
B 81.03 | 22405 244.05
E . . . 295.97 _ 423.00 ‘
o !5702 il L Ll 19892 b L L PR 92308 33403 36498 sag0p 40318 I || 45336 as7s9
50 100 150 200 250 300 350 400 450 500
m/z
23 ThermoFisher

S CIENTIFETE



EPA Method 8270

« EPA Method 8270
* Direct 1 uL liquid injection
« Calibration (1 — 200 ppm)
* More than 120 compounds
» Surrogates = 40 ppm
* Internal Standards = 40 ppm

 Goals

* Improve peak shape and
resolution

* Improve method runtime
(<15 minutes)

Semi-volatile Organics

24



Method Parameters: EPA Method 8270D

« Standards
* Prepared in ethyl acetate

e Calibration curve
(1.0, 2.0, 5.0, 10, 50, 100,
200 ug/mL)

* Inlet

« S/SL: 325° C

» Split Mode: 15:1
« Carrier: 1 mL/min H,
« Column

* TG-5 SiIIMS 20m x 0.18mm Xx
0.36 um

* Oven:
50°
150°
200°
300°
350°

« MS
Source
EC
Full Scan

Scan
speed

1 min. 30°/min
0 min 20°/min
0 min 30°/min
0 min 20°/min
0.5 min

325°

15 uamps

35-500

4 650 amu/ sec

25



EPA Method Criteria

* Tuning
« EPA Method 525/8270:
DFTPP

« EPA Method 524: BFB

» Calibration

« Establish working range for
each method (measurement
of accuracy)

 Method Detection Limits
(MDLs)

26



Target DFTPP H, Tuning Report in Target Software

34 Graphic Report Host: ISQ-PC

Data File: CitchemIS0,i%Movemberdthy,bhdftppS,d
Date 3 16-HOW-2012 12318
Client IDi

Sample Infoi dftpep

Instrument: ISQ,1

Page 2

Operator:
Column phaset Column diamstert 2,00
1 dftpp
Avg, Scans 1801-1203 ¢ 4,922, Background Scan 1722
198
4.4
4.2
4.0
42
3.8 /4
3.6
3.4
3.2
3.0
2.8
=
L 2.8 Bl N
w24
b
g 2.2
- 2,0
11
1.8 N N
1.6 255\
1.4
1.2
1.0 186\
0.8 441\
278
0.6 e
0.4 Paa
441 A2HE
322 L 372 o3
0.2 | | | | e Ve A 7593
5.0 bt sl ] | . Ml L |, Al | f / /4 b ) . /4 69\
&0 50 1060 120 140 460 480 200 220 240 2G0 230 300 320 340 360 330 400 420 440 460 430
ne'z
# RELATIVE
mle 10N ABUMDAMCE CRITERIA AEBUMDAMNCE
| | | |
| 192 | Base Peak, 100¥ relative abundance | Ay, Gl |
I8l 1 30,00 - 60,008 of mass 198 | 52,31 |
I 68 | Less than 2,008 of mass &9 I 0,18 ¢ 0,63 1
I &9 | Mass &% relative abundance I 29,03 I
I 7% | Less than 2,008 of mass &9 | 9.1l ¢ 0,390 |
I 127 | 40,00 - 60,008 of mass 195 | 54,66 |
I 197 | Less than 1,008 of mass 198 I .44 1
1499 1 5,00 - 9,008 of mass 198 I 7.16 |
I 275 | 10,00 - 20,008 of mass 192 | 11,37 |
| 365 | Greater than 1,008 of mass 198 | 1,53 |
I 441 | Present, but less than mass 443 | 13,97 |
| 442 | Greater than 40,008 of mass 198 I 82,44 1
| 443 | 47,00 - 23,008 of mass 442 | 16,97 ¢ 19,382 |
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DFTPP (Decafluorotriphenylphosphine) Spectrum

100— 198.00 Helium NL: 2.73E6
- dftpp4#1315 RT:
= 528 AV:1SB:1
90— 524 T:{0,0} +CEI
- Full ms
80= [35.00-500.00]
= 442.00
70=
[0 —
o —
c
S 60- 127.01
© V-
s -
< 50—
< U
2 -
T 40- 110.00
g - 77.05
30= 68.97
- 255.01
- 5103
20= 107.02 129.02 206.06
- - 186.05 275.00
- 81.03 167.09 224.04 24405 423.01 H
- | 156,05 197 296.01 364.92 .
0=t ‘\53 0? ot ol i \“‘ R RO v O AR A P ‘u oo Dubee bl L ?237'02 33400 °°7-°C 39169 40297 | . 469.66 490.76
100 197.99 NL: 4.04E6
E DFTPP12#1310 RT:
= 527 AV:1SB:1
90- 5.24T:{0,0} +CEI
- Full ms
80— Hydrogen [35.00-500.00]
70=
60- 127.02
50=
- 442.01
40-
S os104 o 110.01
30 6897 '
- 255.00
20= 107.01 129.01 206.07
= 186.06 275.01
10=
E 81.03 168.05 224.05 244.05
. . . 295.97 . 423.00 ‘
o=t 02 L il i b 10802 b b L b PR 92303 30403 36498 smy0n g0318 ) || 4s3ze  as7so
50 100 150 200 250 300 350 400 450 500
m/z
o8 ThermoFisher
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lon Ratio Stability for DFTPP

em/z51 EMm/z127 Am/z198 =<m/z275 +m/z442

120

m/z 198 100%
100 -
m/z 442 > 40%
80
A X ¢
X X X «
X X Y X . X .
X X
X
60 -
m/z 127 40 - 60% m/z 51 30- 60% a .
.‘ * ‘ * Y 0‘ - * * ! ]
] : | o . s " = M
* IS
40
L 2
-
m/z 275 10-30%
20
x X X X X X oy X X x x x X X o x X
0 . | ‘ I |
e 5 10 15 20
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8270: Comparison of Hydrogen to Helium Run Times

C:\chem\..\level8.d\level8 12/5/2012 2:04:03 PM
RT: 0.00 - 20.01
6.83 NL:
100 . d 5.35E8
E Hydrogen gews
90; 3.85 y g level8
80] 10.24
E 898 919
o 707 456 790
g 7 5.18 6.26 7.64 10.27 12.35
3 605 | 6.97 8.06 11.19
5 = 5.65
< 507 l 8H 11.16
EE 3.34 i"iﬁ 461 ' 701 9.76 T 11.44
5 05 I ke 8.84 1079 | 1255
& 304 [
] 331
20
] 225 298
10{ 1M2.51 ” ,M JL \J
I Lo i) u‘ " 880_J_J 12.70 "
1005 7.58 | 944 1243 0 198 1.12E8
: 14,62 .
00 6.63 7.46 1065 1071 1213 || TIC MS
E 859 He L“ I | 03091102_
80 6.14 | 8.06 001 | °° 10.89 1345 1396 110309112
; " 1127 15.37 925
707 961 18,08
] 722 15.85
60 5.36 12.57
] 534 . 10.02 1533
507 116 6.76
e \ 1 18.71
& \
304 384
3 15.92
20—
E 2.82
10 |
E 265 ) | 324 ||447 J Nl ULJ 1132 | 16.42 17.11 18.91
L0 e A e e s e s s e s sy e e L e s e B e e e e B B B B e O s B Bt B B B B B B B
0 1 2 3 6 7 9 10 11 12 13 14 15 16 17 18 19 20
Time (min)
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Low Level PNAs in SIM

RT: 0.00-13.26

1004 6.23

95

E 6.05
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o
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Calibration Curves: Naphthalene &
Benzo(g,h,i)pe




Linear Fit of Low Level PNAs in SIM (0.05 to 10 ppm)

Compound %RSD Compound %RSD
naphthalene 6.1 flouranthene 6.7
2-methylnaphthalene 8.7 benzo(a)anthracene 8.2
1-methylnaphthalene 7.7 chrysene 5.9
acenaphthylene 8.5 benzo(b)fluoranthene 8.6
acenaphthene 8.5 benzo(k)fluoranthene 9.2
—— flourene 8.5 benzo(a)pyrene 7.8
phenanthene 3.8 indeno(1,2,3,c,d)pyrene 5.1
anthracene 7.0 dibenz(a,h)anthracene 5.4
pyrene 3.6 benzo(g,h,i)perylene 6.0
acenaphthene-d10 4.6 phenanthene-d10 4.5
chrysene-d12 9.7 perylene-d12 7.4
ThermoFisher
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Low Level PNAs 50 ppb (+/- 50%) Accuracy
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Spectral Purity: NIST Library Match

10 168
= 163
| 42 43 52 55 B3 63 74 77 % gser @0 9 102 108111 M5 121z 13 13 149 1w 177 133
39 32 G o Br 70 74 7T .o @6 @3 92 97 10 108112918 122 126 T3 1 153 186158 S LI[[7
gz 163
B0
10 e
0 40 50 60 70 a0 90 100 110 120 130 140 150 160 170 180 130 200
e 10ngH2984 AT ETF A1 5B 1 612 | Head to T ail MF=303 RMF=005 ~ Flugrens
100 186 56
B 150 158
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H i bt h i HH | Hib
43 7o) BB R 67 B0 G599, an d02  qip 115 122 125 133 135 143 1%0 LT % 0 20 |
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100 e
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& 10ngH37003702 AT SO02E02 A 3581 7.9 | Head to Tail MF=317 RMF=325 ~ 1.1"Biphenyl, 2,3.4-trichloro-
1, B ??81 113 139 209 263
5 51 a7 107 217
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N i ........|.|.|. enlla?Eamn U354 363 WO 401 417 43 453 461
] B 1T 7% Iil 280
a6 122 153 227
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100] 281
a1 263
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10 145
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B 03
e I 75 88 95 131 173
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8270 Sensitivity and IDLs
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EPA Methods 524 and 525 — Drinking water
f

« EPA Method 524
* Purge & Trap
5 mL sample volume
 Calibration (0.4 — 200 ppb)

* EPA Method 525
* Direct 1 uL liquid injection
* 1 liter sample volume
 Calibration (0.1 — 10 ppm)

37



Method Parameters: EPA Method 524.2

 Purge & Trap: 5 mL sample * Oven
VOCARB Purge 11 min 50° 1 min. 30°/min
Dry 1 min 150° 0 min 20°/min
Purge 200° 0 min 30°/min
Desorb 240° 2 min 300° A il
* Inlet « MS
« S/SL: 200° Source 275°
« Split : 40:1 EC 25 uamps
* Carrier: 0.7 mL/min H, FS 0.8-1.6 47-300
« Column: TG VMS 0.18 mm X 1.6- 15 min 35-300
20m x 1.0 pm Scan Speed 1,687
amu/sec
ThermoFisher
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Method Parameters: EPA Method 525.2

« Standards
* Prepared in ethyl acetate

e Calibration curve
(0.1,0.5,1.0, 2.0, 5.0, 10
ug/mL)

* Inlet

« S/SL: 325° C

» Split Mode: 15:1
« Carrier: 1 mL/min H,
« Column

* TG-5 SiIIMS 20m x 0.18mm Xx
0.36 um

* Oven:
50°
150°
200°
300°

* MS

Source
EC
Full Scan

Scan
speed

1 min 30°/min
0 min 20°/min
0 min 30°/min
0 min 20°/min
325°
15 uamps
35-500

4,650 amu/ sec
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BFB (1-bromo-4-fluorobenzene)

100 95 NL: 1.92E6
E . 2152012_a00143712-
E Helium 3715 RT
907 12.42-12.43 AV: 4
E SB:1 12.37 F:{0,0}
807 174 +cEIFul ms
] 75 176
707
8 7
c
S 607
2 >
3 |
£ 50
< %
2 ]
g 407
< 7
T o] 50
E 74
205 68
& 51
1033738 49 [ o, 61 63| |76 o 83 *% o6 143 177
0:‘\\‘41 L e e T ‘w‘ [98 105 111 117 128 135 |'!° 148 157 161 173 || 182 195 203 207 211 217 224 233 236 243 251 260 267 271 281 285 294 300
1007 95 NL: 5.25E5
E blk11#2927-2930
o] RT: 8.31-8.32 AV: 4
= SB:1 827 F:{0,0} +
] Hydrogen cElFulms
80 174
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605
E 75
50
407
30% 50
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10 51 68 94 96
1 40 49 61 g2 76 88 177
I T I A |l 81 | lls7 104 113 117 125 130 133 143 147 157 165 173 ||[178 187 193 201 208 211 218 227 234 237 249 255 261 268 273 285 200 293
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I
40 60 80 100 120 140 160 180 200 220 240 260 280 300
m/z
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-
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Target BFB (4-Bromo

Report

3¢ Graphic Report Host: 15Q-PC

Dats Filed CivchemtISO,iMbest bA\EFBtune,d
Date : 14-HOW-2012 03107

Page 2 it

Prin

Client ID: Instrumenty IS0,1
Sample Infoi bfb 25ppm
Volume Injected (ulds 1,0 Operators
Column phaset Column diameter: 2,00
1 bfb
Scan 2565 ¢ 6,257
e
2.4 %
2,3
2,2
2,1
2.0
1,2
1.8
1,7
1.6
1,5 4
1,4 /l
g 1,3
T L2
= 7
1.1
= 5\
1,0
9,9
0.8
[
— - 0.6 50\
I — 0,5
0.4
0,3
0,2
0.1 ” ‘ 17 43 207 217 26 270 295 3T 353 376 44 29 46 74
L0 a“h -|l| il -| ||.I.I. ”\l /l /L \ / 4\ / / 3\ e / / 0\ /4 6\ /4 -
40 &0 20 100 120 140 160 130 200 220 240 260 230 300 320 340 360 30 400 420 440 480 480 500
'z
# RELATIVE
nee I0M ABUMDAMCE CRITERIA ABUNDAMCE
1 1 1 1
| 95 | Base Peak, 100% relative abundance I 100,00 1
IS0 | 15,00 - 40,008 of mass 95 1 21,73 1
7R 1 30,00 - A0,008 AF mass 9R 1 41,73 1
I 96 | 5,00 — 9,008 of mass 95 1 7.8 1
I 172 | Less than 2,008 of mass 174 | Q.00 ¢ 0,000 |
| 174 | Greater than 50,00 of mass 95 1 56,23 1
1178 | 4,00 - 9,00% of mass 174 1 3.8 0 B,F0 |
1 176 | 95,00 — 101,00% of msss 174 1 54,87 ¢ 96,54) |
| 477 | 5,00 — 9,008 of mass 176 1 3,37 ¢ B8 |

EEEE

uorobenzene) H, Tuning
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BFB lon Ratio Stability

m/z Criteria run01l |runO02 |runO3 [run04 [runO5 [run06 [run07 [run08 [run09 |runl0 [runll

50 15-40% 28 26 26 24 27 26 25 26 28 25 25

75 >30% 52 51 48 48 51 52 49 48 48 50 53

95 100% 100/ 100f 100, 100, 100, 100, 100, 100, 100, 100, 100

* 96 5-9% 8.0 7.3 7.9 7.7 8.2 7.2 7.7 7.4 7.8 7.5 7.7
173 <2%of 174 0.4 0.6 0.7 1.5 0.4 0.4 0.8 0.7 0.5 1.1 0.3

174 >50% 76 75 69 69 75 70 72 72 71 74 72

175 5-9% of 174 7.3 7.4 7.4 5.9 7.6 8.5 6.4 7.7 6.8 6.4 6.7

176| 95-101% of 174 96 95| 100 96 93 96 98 95 96/ 101 96

177 5-9% of 176 5.1 6.3 6.6 5.2 6.4 6 5.1 5.5 6.6 6.5 6

42 ThermoFisher
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Performance: EPA Method 525 10 ppm Standard

RT: 2.11-13.29

Relative Abundance
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Performance: EPA Method 524 .2

« Method parameters » Spectral integrity
» #1 Match to NIST

» Accuracy(0.4 — 200 ppb): * BFB lon ratio stabile
» Passed at all levels

* Average MDL: 0.074 ppb vs
0.048 ppb in helium

Passes QC for EPA Method 524.2

a4 ThermoFisher
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Performance: EPA Method 524 - 20 ppb Standard

F:\524\20ppbB_130208153106

2/8/2013 3:31:06 PM

RT: 0.79-11.91
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EPA Method 525: Measurement of Accuracy (+/- 50%)

Failed
+/ 50% 100 ppb Standard
200 pentachlorophenol
terbacill
150 L 2 4
‘ [ [
e o o . * o metribuzin
L 2 L 2R 2 ®* O 6 ® o
L ®* o o ® o L 4 L g
100 * —0 00000 g L 4 —00——— b il
®. C ® 3 romaci
¢ .’ » :’.”0’ : . ,0"00 o %o
® o0 o o MISCEIE 4 o ¢ * % .
¢ o . chlorpyrifos
¢ o A4
50
trans-nonachlor
0 ' ' ' ' ' ' carboxon
0 20 40 60 80 100 120
Dieldrin
tricyclazole

Calibration: 0.1,0.5,1,2,5,10 ppm in Full Scan
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Spectral Purity NIST Library Match

10H 1M
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B 5l
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I g 4I1 43 51535557 SOGT B3G5 67 A 71 74 77pg GBI G5 E7 89 |92 103 115 T IERE
5 134
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T 47 |50]52 £3 65 BT CI 26 ‘129 o
501 o 128
130
10 A
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s 100ppbCHIOEA-1070 RT: 2.63-2.66 AV 7SE: 1 260 | Head ta Tail MF=9232 RMF=922 [ Methane, bromochlana-
165
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5 7 94 o 133 170
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Gases at 200 ppt

RT: 0.80-1.81 SM: 7B

RT:0.93 i i NL: 7.88E3
RT-093 dichlorodifluoromethane e 85,60 F: (0.0 +
100+ BP:85 cElFulms
] [47.00-300.00] MS
] ICIS 200pptC
50
0- - RT-1.04 NL: 2.67E4
AA: 47618 m/z= 50-51 F: {0,0} +
BP: 50 c ElFulms
100+ chloromethane [47.00-300.00] MS
ICIS 200pptC
0 RT: 1.09 NL: 1.51E4
g AA: 19284 miz= 62-63 F:{0,0} +
e BP: 62 : : EIFull
g 1004 vmylchlorlde [047.00U-|3£)noS.OO] MS
5 7 ICIS 200pptC
£ 509 PP
s 7
-
R
3 RT: 1.29 NL: 1.30E4
4 AA: 21231 miz= 94-95 F:{0,0} +
. BP: 94 c ElFul ms
100 bromomethane o 0o 506.00] MS
] ICIS 200pptC
50
0 RT: 138 NL: 9.91E3
AA: 14294 miz= 64-65 F: {0,0} +
- RT: 1.08 BP: 64 cEIFul ms
1003 AA: 5325 chloroethane [47.00-300.00] MS
] BP: 64 ICIS 200pptC
50
R - -~ —
0 RT- 147 NL: 1.11E4
AA: 1687€ miz= 101-102 F: {0,0}
. BP: 101 H +cElIFulms
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-
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Accuracy of 400 ppt - Passed +/- 50%
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Environmental Analyses
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Moving To Hydrogen on the GC Side

 Hydrogen Sensor is a Must
* In GC oven
» Possible on the hydrogen generator
» May also be required at the ceiling of the lab

* Expect Lower Inlet Pressure
* Due to viscosity differences of H, and He
* Move to a smaller id column

51
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Moving to Hydrogen on the MS Side

« NO MS hardware change required to meet H, Installation Specs

Maintain good vacuum

* Extended performance turbomolecular pumps
* 9.8 x10 % Torr (1 ml/min hydrogen flow)
Higher initial background

* Minimized with stainless steel pre-cleaned tubing

+ UHP Grade 5.0 or better Hydrogen Source

« Bake out source at 350° C for one hour with filament on

Cl Effect on some compounds

* Require linear or quadratic fit

* Reduce flow rate of H, into MS

Pressure dependency:

* Minimize solvent vapor with smaller id columns

— (=~ ]
]

1ISQ Off-Axis Single Quadrupole GC-MS

APt G

B —— |
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Conclusion: Moving to Hydrogen Carrier Gas

Considerations
Gas purity
Safety
Column selection
Column flow rate

Mass spectrometer
modifications:

Hydrogen kit

Meets QC requirements for EPA Method 524 and 525




Thank you for your attention!

Questions?

Stay connected with us!

L1 Twitter
@ChromSolutions

Chromatography Solutions Blog

http://chromblog.thermoscientific.com/blog

YouTube

http://www.youtube.com/ChromSolutions

Kl Facebook

http://www.facebook.com/ChromatographyS
olutions

Pinterest

http://pinterest.com/chromsolutions/
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