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Due to helium gas supply shortages, searing prices, and other factors, reducing the quantity of helium gas consumed and considering alternative carrier gases have become urge

following describes functionality for reducing helium gas consumption rates and indicates precautions for switching to a different carrier gas

GC GCMS

- Redu

Re

Changing the Carrier Gas Changing the Carrier Gas

nt 1ssues. Ine

Because of the challenges seen by our
customers, we have created a dedicated
page for Countermeasures and Solutions
for Helium Gas Supply Shortages

Please scan the above QR code to be
taken to the webpage seen here.


https://www.shimadzu.com/an/products/gas-chromatography/eco/helium.html
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Approach to Helium Gas Supply Shortages

Reducing Helium Consumption

Changing the Carrier Gas
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Introduction

Check for your system on

Countermeasure Flowchart the carrier gas system

compatibility chart.

Is a helium carrier gas
essential?

Yes

Yes

aboratory already ha
hydrogen supply equipment
or could install it

GCMS* GC

Is the system compatible
with hydrogen?

Decide based on respective
advantages/disadvantages for

y hydrogen vs nitrogen.
Consider reducing helium gas I 1 I
consumption. | l _ _ _ ‘
: : Consider using an alternative A
Save helium gas during . _
system operations. Use hydrogen gas. carrier gas. Use nitrogen gas.

* Nitrogen carrier gas can also be used in GCMS systems.
However, sensitivity will probably decrease to one-tenth or less of normal, so hydrogen is recommended if hydrogen usage is possible.
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Cases where Using an Alternative Carrier Gas

would be Difficult

Sensitivity is low near the limit of quantitation
(older models, ultra-trace analysis, etc.)

 Alternative carrier gases (hydrogen or
nitrogen) generally decrease sensitivity.

» Using alternative gases might be difficult
unless S/N is at least 50 to 100 at the limit of
guantitation required for using helium.

Database Callbration Curve Customer's GC-MS

System is not compatible with alternative
carrier gases
(certain sample introduction systems,
databases, etc.)

« Some sample introduction systems or optional
products are not compatible with alternative
carrier gases.

» Databases for semi-quantitative analysis
cannot be used with alternative carrier gases.
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Methods for Reducing Helium Gas Consumption

1. Reducing Consumption during Analysis
« Carrier gas saver mode

2. Reducing Consumption during Standby or after Analysis
* Ecology mode
« (GGas selector (optional)

3. Utilization of Correct Purity Gas Is Key
« Using a Gas Filter (optional)

4. Reducing Consumption by Shutting Off System on Days
Not Used

 GCMS systems with quick startup 9
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Reducing Consumption during Analysis
- Carrier Gas Saver

Helium Gas Consumption during Analysis

Total flow = Column flow + Split flow + Purge flow

Septum
. T
st T geptum purgeline Analysis is normally performed with the split

ratio set at 30 to 50 mL/min immediately after
injection. However . ..

Vaporization chamber temperature ;

Required immediately after injection,

Total flow Purge flow

Heater @
Sample E

Glass wool — | but not during entire analysis
(3 Split line
Glass insert —m—mo.__]
4 Split flow Reduce split flow ra_te during analysis.
L Reduce total carrier gas flow rate.
Capillary column —__| Split valve

Column flow 10




) sSHIMADZU

Reducing Consumption during Analysis
- Carrier Gas Saver Mode e
Helium gas can be saved during analysis by using the carrier gas saver mode to
reduce the split ratio after injection.

Carrier gas savings

Set split ratio at 5 to 10

Purge flow
I | ol flow
Sampling Analysis Time

Helium consumption per analysis can be reduced by /4 %.

Simulation Example
Analysis time: 30 min Injection mode: Splitless Sampling time: 1 min Carrier gas save: 3 min

Total flow: 50 mL/min Split ratio during carrier gas save: 5 (1455 mL normally, 375 mL during carrier gas save) 11
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Reducing Consumption during Standby / after Analysi\\ | /
B E CO I O g y M 0) d e . e ,,/\ <.

Manual cosin During Consecutive Analyses
ERFi Total carrier gas flowrate: 50 mL/min

kg i v

One click to start
ecology mode E E ﬁ

ie

Reduces helium
Automatic (After Batch Analysis is Finished) ~consumption during
instrument standby by
Batch Tools Window Help D - yrv—— e Fie s Fie . O
R Atter Consecutive Analyses o0 %.
o CRKOA [0 e[ TTGT e eeesies 1 TOtal carrier gas flowrate: 20 mL/min

Batch Queue...

I
1 Settings...
+~  Enters Ecology Mode when ending Realtime Batch ‘

I

The ecology mode is available on GCMS-QP2010 Ultra or higher-end QP-series models and all TQ-series models.
It cannot be used with some pretreatment systems, such as TurboMatrix HS and Optic-4 units. 12
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Example of Carrier Gas Savings Using the Ecology

and Carrier Gas Saver Modes T s e

Number of days a 7000 L helium gas cylinder can be used*

08 days 264 days

Normal mode

Can extend use by about

He 5 months

Ecology mode + carrier gas saver mode

* Simulation Parameters
One system connected per helium gas cylinder
Per day: 30 min X 10 analyses (with 5 hrs of analyses and 19 hrs of standby)

13
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Reducing Consumption during Standby - Gas Selector

i Gas Selector l This is a dedicated option for Nexis GC-2030 and GCMS-NX series.
Installing a gas selector in a GCMS-NX
series system can significantly reduce Split/Splitiess Analysis With gas selector + carrier gas saver
. . . mode, reduce helium consumption by
helium gas consumption by automatically 90 % or more.
switching to an alternative gas after S
. G i ith th |
anaIySIS. . as savings with the gas selector
% Switches automatically Start analysis
Gas (Main) g L At
GC carrier gas -
Gas (Sub)
vent Batch analysis N, supply Gas switchover Batch analysis N, supply
standby
GaS (Maln) Note: Assumes about 5 hours of analysis time per day
He Total Injection Analysis (Such as Packed Analysis) Reduces helium
consumption by 70 %
Carrier Gas Gas savings with the gas selector or more.
%; Switches automatically Start analysis
N, 8 o
Gas (Sub)
Batch analysis N, supply Gas switchover Batch analysis N, supply
standb
HRELIIERE e

Note: Assumes about 5 hours of analysis time per day

14
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Utilization of Correct Purity is Key

Using a Gas Purifier Filter

Effectiveness of Filtering Out Water and Oxygen

(x 10,000) Water: m/z 18 (x1,000) Oxygen: m/z 32
2.0
« Purifier filter for helium or nitrogen gases Ll 99.995 % He without filter zj 99995 % He without filter
Removes moisture, oxygen, and -
hydrocarbons (replaced about once a year) 191 | 95 % decrease 5| | 93 % decrease
4 1.07
Effectiveness of Filtering Out Hydrocarbons 13 . SRR 05 SRR
(X 100,000) 99.995 % He with purifier filter S 99.995 % He with purifier filter
175+ Undecane 99.995 % He without filter 25 5.0 20 30 40 5.0
Dodecane 99.995 % He with purifier filter SIM measurement of water and oxygen in carrier gas
1.50 - 99.9999 % He without filter
. Decane
1.25 7

® By installing a gas purifier filter, 99.995 %
voon TN helium can be used.
® That also helps reduce costs.
® Gas cylinders are easier to obtain as well.

\ \
5.0 10.0 15.0 20.0

3 L of He gas trapped by Tenax TA and measured by TD-GC/MS 15



[ SHIMADZU

Reducing Consumption by Shutting Off System on ~
Days Not Used S S S

Shutting Off the System on Weekends or Other Days the System is Not Used

Shimadzu’s high-end GC-MS model uses a high-capacity differential vacuum pump to achieve extremely
fast instrument startup times (about 2 hrs for qualitative analysis or 4 hrs for quantitative analysis).

Comparison of He Consumption Using the Ecology Mode
and Shutting Down the System for 48 Hours on Weekends

70
60

50

About 40 L
reduction

Ecology mode

40

30

GCMS startup + preparation

for analysis Q
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

Elapsed Time (hours) 16

20

He Consumption (L)

10

0
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Information on ECO Simulation

Savings during Analysis

ECO Simulation [ [E] SHIMADZU

Excellence in Science

ECO simulation can simulate the
benefits of using the carrier gas saver
function and increasing analysis speed.

Your current GC- GCMS-QP2020 NX
Ms GCMS-QP2010 Plus /GCMS-QP2020

- _ (Eco-mode un- /GCMS-QP2010
Simul corresponding.)
- 3,437 kg /year
- -! COz emissions 4,485 «kg/yes 3
% Please utilize working

6,126 xwh/year

Electricity I
Simulation results are consumption 7’994 wh / year
*Including a PC 1,409 uss/yes

This sir *Including a PC 1,839 uss/yes

GC-MS s Y
Hs 1.98 cylinder / year
Gas consumption 3.7 Cylinder / year
790 uss/ yea

1,481 uss/yes

To access the ECO
simulation function,
use this link.

In comparison with your current GC-MS, there is a reduction of

about 1,048 kg of CO: and

Us$ 1,121 in running costs per year.

17


https://www.shimadzu.com/an/eco_sim/eco.htm
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Key Points for Using a Hydrogen Carrier Gas
Key Points for Using a Nitrogen Carrier Gas
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Comparison of Various Carrier Gas Propertles GCMS

_ Hydrogen

Sensitivity Swtable for high-sensitivity Sensitivity is about 1/3 to 1/5 of SenS|t|V|ty is about 1/10 of helium
analysis helium due to high noise
A A
Rapidly increasing prices and Available inexpensively. Available inexpensively
Price sometimes long lead times Installing a hydrogen generator
eliminates need to manage gas
cylinders.
A A
Safety Non-explosive inert gas Can explode, but explosion risk is Non-explosive gas with high safety

low at volumes used for GC-MS.

A
Column |.D. Supported up to 0.53 mm 0.18 mm or less recommended 0.18 mm or less recommended
Compatible AllQP and TQ series All QP except QP2010 SEand TQ  QP2010 Ultra and QP2020 series
GC/MS series (not supported by TQ series)
Models

Note: Argon cannot be used as a GCMS catrrier gas. 19
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Alternative Carrier Gas Compatibility Table

GCMS Main Unit Discontinued Year (Duringl\gtandby)
GCMS-QP5050A 2004 v — — —
GCMS-QP2010 2006 v v — v
GCMS-QP2010 Plus 2010 v v — v
GCMS-QP2010 Ultra 2015 v v v v
GCMS-QP2010 SE Currently available v — — v
GCMS-QP2020 Series Currently available v v v v
GCMS-TQ Series Currently available v v — v

V' Indicates supported gas 20
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Sensitivity and Separation with Alternative Carrier Gases |

Sensitivity GC Separation

Approximate Measurement Ranges for Various
Carrier Gases (Quantity for SIM and On-Column)
These measurement ranges are only approximate and might not

be suitable for some target compounds due to sensitivity or
compound properties.

Separation Performance for Various Carrier Gases

N,

He

HETP

He k

0 20 40 B0 80
H2 Average Linear Velocity (cm/sec)

» The smaller the height equivalent to Height

N2 equivalent to a theoretical plate (HETP), the better
the separation.

s 10ps 10000 e o . Hydrogen p.rgvides good separation even at higher
linear velocities, which means analysis times can

Hydrogen and nitrogen have lower lonization . E?t;h%r;eazg .a steeper HETP curve, which results
energies than helium, which tends to increase noise. : g per ’
in a tendency for separation to become worse.
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Scale down length

Max. column flowrate and internal diameter.

(single GC-MS)
He: 15 mL/min
H,: 10 mL/min
N,: 3 mL/min

/Z
i 8

» Maximum column flowrate is lower for hydrogen or nitrogen, because the MS vacuum level
decreases.

 For nitrogen, scaling down the column length and internal diameter is recommended due to
the 3 mL/min maximum column flowrate.

22
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Using a Hydrogen Carrier Gas

Hydrogen Gas Cylinder Hydrogen Generator

(BN

/f“
e

7~

<,
N

H2

Note: Order gas cylinders from a gas supplier.

« Contact a Shimadzu sales representative before changing the carrier gas.
» Using dichloromethane or carbon disulfide as a solvent could generate hazardous gases.
Prepare a suitable exhaust ventilation system in advance.

24
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Hydrogen Safety Measures — Optional GC Accessory\

Using Hydrogen Safely—Optional GC Safety Countermeasures

- Hydrogen Sensor Helps Ensure Hydrogen Carrier Gas is Used Safely J

Shimadzu GC's newly designed hydrogen sensor monitors the hydrogen concentration in the GC oven and can detect potential leaks
early. When leaks has been detected, it lowers the temperature and automatically switches to a safe standby mode. If the hydrogen
concentration rises continueously, the main power is turned off to prevent accidents. (This is an option for Nexis GC-2030)

-

Hydrogen
sensor

External Appearance of Hydrogen Sensor

Hydrogen sensor monitors the
atmosphere inside the GC oven

25
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Using an Alternative Carrier Gas—Precautions for Using Hydrogen

A hydrogen gas generator can be a good choice when installing a hydrogen
cylinder is difficult. For more details, refer to the following link.

https://www.peakscientific.com/products/hydrogen/

e Features
PEAK _é Products Lab Solutions Support Service Discover Contact Q
« Suitable for flame gas and carrier gas at trace detection limits
Home / Products / Hydrogen Gas Generators | Precision Hydrogen Trace 250
« 99.99999%" Purity
Application Types .. « Internal leak detection with automatic shutdown features
Precision Hydrogen
. « Proven PEM technology to generate hydrogen safely and reliably
— i Trace 250 GC Carrier | | _
640250 \/I\/\ Lﬁ Ga S « Regenerative PSA dryers to ensure highest level of purity
|
TR « Automatic loading pump as standard
|
Status ~ \‘/
Available () P P The Precision Hydrogen Trace 250 generator is designed primarily for . Maintenance limited to replacing de-ionizer cartridge
| . GC carrier gas use, and can also be used for detectors, requiring a
N
| hydrogen on demand solution for fuel gas such as FID and FPD. One C - -
ompact, space-saving modular design
":“eg’a‘“’ compressor generator is capable of supplying multiple GC instruments * FrELE “ g g
lo
READ MORE |, « Creates hydrogen on demand, minimal storage of hydrogen in the system
_ « Combine multiple units for higher flow reguirements
REQUEST A QUOTE —>
« GC in-oven hydrogen leak detector available as an optional extra
h « Peak offers a 3 year cell warranty with this generator as standard.

*based on 02 content independently verifled by National Physical Laboratory, UK

26
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Separation Using a Hydrogen Carrier Gas

The optimal linear velocity for hydrogen carrier gas is about the same as for helium carrier gas.
With hydrogen, separation does not worsen if the linear velocity is increased, which enables
high-speed analysis.

al
— . .
i Optlmal linear He
T velocity for H,
H,
_ v _ |
0 20 40 60 80

Average Linear Velocity (cm/sec)
27
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Converting Analytical Conditions for
a Hydrogen Carrier Gas

EZGC Method Translator from Restek Corporation

The translator is available free via the website or by downloading

EZGC" Method Translator the software.
Carrier Gas i Translation ] n-Alkane
] Standard pesticide solution
I
E ' I
Longth 1 |"| ‘} (|
Ineer Diamatos 0.25 (| ll'l [
il Thickness 0.25 Helium carrier | i
Fhase Ratin '“_'-An_ﬂ'v (30 m X 025 mm) E | | || | || ||
3 II |I | |I I
128 miy ; VL
FE city 2.02 764 omjac S B S SN
r 1‘1“ o.“ e 9.4 9.5 98 a7 2.8 2.9 10.0
He & (gauge) - 99.80 10102 kPa m-
Oullet Fy e {abs) 0.00 n-Alkane .. .
[acw [ vacuum Standard pesticide solution
Oven Plogram 3
 ottermal A e T .ﬂ,
Numbetpoi Ramps 80 2 80 145 . ||| 4
2 44) 20 180 Hydrogen carrier 3 " \
5 280 3 (20 m %X 0.18 mm) 3 i
Control Method ) || | | l', |I ||
Constant Pressime « e / .I'\___H /,f\\_,e"l I I'-.\ |\
Results Solvetor @ Efficiency @ Speed © Transiate @ Custom " e ~ e &7  es &9 o "o
fun Tirme 30.00 2059 min
Speed 146 1. C17, 2. Pencycuron, 3. Dimethoate, 4. Simazine, 5. Atrazine, 6. C18
Note: For more information, refer to the Restek Corporation website. Elution patterns similar to using helium can be obtained.

http://www.restek.com/ezgc-mtfc 28
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Converting Analytical Conditions for ~
a Hydrogen Carrier Gas P e

Retention Indices can be Used Even if the Carrier Gas is Switched to Hydrogen

By using hydrogen in combination with the Automatic Adjustment of Retention Time (AART) function, retention
times for target compounds in databases and existing methods can be adjusted to support identification.

Correlation between Retention Indices before and

after Analytical Condition Conversion Using AART Function to Automatically Adjust Retention Times

3500
c
08", ® Retention index for each compound c17 c18 C19
= + + A =B (straight line with slope 1
3 e P He method |
I pe 30 m column
-'.'

B o0 'd 1700 1735 1800 Retention index
< s C17 c18 1C19
g H2 method ‘ Identification |f (
o | % | window (\
2 1! .
8§ 2000 20 m column | A | [
5 e e 2 ’
® / 1700 1735 1800 Retention index
0 o
° &# ®
£ 1500 . 20 21 22 Retention index
S ...'. 21.1min 21.5min % Analyte
é . (Calculated RT) (Originally registered RT)
& 1000 Automatic adjustment

1000 1500 2000 2500 3000 3500

Retention Index before Conversion (A) Helium

29
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Sensitivity Using a Hydrogen Carrier Gas |

Name of S/N Ratio [Name of S/N Ratio |Name of S/N Ratio
Compound (H2/He)  [Compound (H2/He)  |Compound (Ho/He)
Dichlorvos 0.16 [Malaoxon 0.18 |Flutolanil 0.29
Dichlobenil 0.68 |Simetryn 0.18 |Isoprothiolane 0.15
Etridiazol 0.22 [Tolclofos-methyl 0.40 |Buprofezin 0.35
Chloroneb 1.80 |Alachlor 0.23  |Mepronil 0.26
Isoprocarb 0.84  |Dithiopyr 0.44  |Chlornitrofen 0.82
Molinate 1.41  |Fenitrothion 0.39 |Edifenphos 0.29
Fenobcarb 0.32 |Esprocarb 0.35 |Propiconazole-1 0.37
Trifluralin 0.39 [Thiobencarb 0.48 |Endosulfate 0.76
Pencycuron 0.47 |Fenthion 0.27  |Propiconazole-2 0.40
Dimethoate 0.53 |Chlorpyrifos 0.45 [Thenylchlor 0.51
Simazine 0.30 |Fthalide 0.47  |Pyributicarb 0.37
Atrazine 0.18 |Dimethametryn 0.24 |lprodione 0.90
Propyzamide 0.65 |Pendimethalin 0.31  |Pyridafenthion 0.45
Pyroquilone 0.27 |Methyl daimuron| 0.46 |EPN 0.60
Diazinon 0.19 |Isofenphos 0.20 |Piperophos 0.34
Ethylthiometon| 0.17 |Captan 0.37  |Anilofos 0.32
Chlorothalonil 0.70 |Phenthoate 0.39  |Pyriproxyfen 0.43
Iprobenfos 0.16 |Procymidone 0.65 |Cafenstrole 0.32
Bromobutide 0.36  |Methidathion 0.21  |Ethofenprox 0.31
Terbucarb 0.47  |Butamifos 0.56 Mean: 0.43

Comparison of Carrier Gas Sensitivity for 59 Pesticides at 10 ppb

Distribution of H,/He S/N Ratios

0
3 2

37

m1.0~ m0571.0 m0.270.5 0.170.2 m~0.1
* Reproducibility is 10 % or lower for all compounds.
« For most compounds, sensitivity is about 1/3 to 1/5

as high as using helium.
30
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Mass S PE ctra Usin Ja i Y dro Jgen Carrier G a§ e /

2-Methylisoborneol . . Isoxathion Oxon ' '
y Helium Carrier Gas % Helium Carrier Gas
100 1251
] 99 L. . ] o .
] Similarity Score 95 o o/ 1 161 Similarity Score 92
753 O—N N ] 105
] A\ /P\ 757
50 -] e O O 1
. 50
OH 25 107 T 125 -
155 67 3 16 25 T 146 294
g 7 R DT Pl N P L P
50.'0' Y '75_'0' ' '1'00'_0' ' '1'25'_0' ' '1'50'_0' b 75.0 100.0 1250 150.0 175.0 200.0 225.0 250.0 275.0 300.0
Hydrogen Carrier Gas Hydrogen Carrier Gas
100 ] 95 o 100 105 o
e Similarity Score 95 ] Similarity Score 78
] 75
. 177
50 50
25—3 107 25% 161
1° 8 798 g ‘hz 121 13F 150 16K OE‘ 89,99 llﬁ 120 g4z 172 18P 204 231541 254 gg 290
L S B B DAL 100 150 200 250 300
50.0 75.0 100.0 125.0 150.0

* Though an existing mass spectral library can be used, similarity scores in library search results
might be about 10 to 20 lower depending on the compound.

« For more accurate identification, measuring a standard sample to check quantitation values
and reference ions in mass spectra or to check retention times is recommended. 31
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Using a Nitrogen Carrier Gas

Nitrogen Gas Cylinder

ah

N>

Nitrogen generators designed for LC-MS
cannot be used as GC-MS carrier gas because
the purity is too low (99.0 % or less).

Be sure to prepare a nitrogen gas cylinder.

Caution: Nitrogen leakage cannot be checked with a peak monitor. 33
Use a leak detector or Snoop solution to check for leaks.
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Separation Using a Nitrogen Carrier Gas

With a nitrogen carrier gas, separation is best at a low linear velocity so prioritizing separation will
result in long analysis times.

Also, the range of linear velocities that result in good separation is narrow, so the nitrogen carrier gas
IS not suitable for conditions that cause linear velocity variation.

Optimal linear

velocity for N,
|

HETP

0 20 40 60 80

Average Linear Velocity (cm/sec) 34
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Converting Analytical Conditions for
a Nitrogen Carrier Gas

* If constant pressure or constant flowrate control is used for a
temperature-programmed analysis, the column linear velocity will vary.

» Because nitrogen has a narrower range of linear velocities that result in
optimal separation than helium or hydrogen, constant linear velocity
control may provide the best results.

EZGC" Method Translator

Carrier Gas Original  Translation

Helivm ~  Nitrogen -~

Length 30.00 20.00 m
Inner Diameter 0.25 0.18 mm
Film Thickness 0.25 0.18 pm
N2 Phase Ratio 250 250
: . ControlParametdls ||
w
I QOutlet Flow — 1.40 = 0.32 mlL{min
“'____'_T Average Velocity 43.54 26.56 cmfsec
? Holdup Time 1.15 1.23 min
Inlet Pressure (gauge) 98.04 40.49 kPa
0 20 40 60 80 Outlet Pressure (abs) 0.00 0.00 kPa
Average Linear Velocity (cmisec) m m
| - 1 |
60 EEE Ramp Temp Hold Ramp Temp Hold
o constant flowrate He CCmin)  (Q  (min) | CCmin) €Q  (min)
.E 50 Puineer v ndMps 80 2 8{:' 2'2
E 1 (14) 10 300 5% 92 300 545
’ stant i loci
g 40 constant linear velocity R
g Constant Linear Velocity - Constant linear VeIOC|ty
E, 30 constant pressure Results Solvefor @ Efficiency @ Speed O Translate @ Custom
il
E RunTime 29.00 31.56 min
20 [~ 0.92
40 90 140 190 240 290 340 390 peed ~e

Column Temperature (°C) Use FC Values for Original Use FC Values for Translation
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Converting Analytical Conditions for e
a Nitrogen Carrier Gas |

Example of Using Py-GC/MS for Instantaneous

Pyrolysis of a Circuit Board Library Search Results for Identifiable Peaks

(x10,000,000)

301 Column: SH-Rxi-5Sil MS 7 o N2
¥ ' (30 m, 0.25 mm, 0.25 ID Name of Compound Similarity Similarity

257 = um) ’ ’ Score Score
201 He 1 5 1 Phenol 99 98
Lo 2 2-Methylphenol 98 98
' , 8 P 3 Dimethylphenol 97 97
107 . 6 4 MethylethylPhenol 95 97
0.57 3 M)\M@Mﬂ 5 p-Isopropenylphenol 95 95

M ‘ ‘ ‘ ‘ ‘ | ‘ ‘ 6 p-Cumylphenol 93 93

25 5.0 7.5 10.0 12.5 15.0 175 20.0 225 7 BlphenO|A 95 96
) Oi_|(_|><C10.000.000) 8  Dibromobisphenol A 83 89
' & Column: SH-Rxi-5Sil MS 7 9  Tribromobisphenol A 83 87
5.0 = (20 m, 0.18 mm, 0.18 9
40- N U™ Mass spectral patterns obtained with a nitrogen
304 1 > | carrier gas tend to be almost equivalent to
|, | s those with helium.
N L ] t LjLuJ M J
K I S| Juu w}u‘ k\}“‘ﬁfwb‘ww W‘L«M J
.0 12.5

\ \ T \
2.5 5.0 7.5 10

\ \ \ T
15.0 17.5 20.0 22.5

EZGC Method Translator can be used to align chromatogram patterns to some extent.
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Sensitivity Using a Nitrogen Carrier Gas B

S/N Ratio Comparison Using Helium and Nitrogen Carrier Gases 1 ppm 2-methyl-5-nitroaniline
(27 Azo Compounds at 1 ppm) 01,000

1152.00
1106.00
4.0

01 He
| S/N: 688

MBS = —
15.00 15.25 15.50

- I T T
14.75
(x1,000)
1152.00
8.03106.00

5.572 N 2
SIN: 206

24 .
=10~ ®0571.0 m0.1~0.5 ®0~0.1 . k

I R
12.50 12.75 13.00 13.25

For most compounds, sensitivity was about 1/10 as high as using helium. 37
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Application Examples

Using Alternative Carrier Gases

Examples of applications using alternative carrier gases are posted on the Shimadzu website.

Please refer to it.
Gl sHIMADZU

https://www.shimadzu.com/an/service-support/technical-support/technical-information/gas-

chromatograph-mass-spectrometry/mesure/top/index.html#applihe Application 2l
Data Sheet

Simultaneous Analysis of Pesticides by
GC-MS Using Hydrogen Carrier Gas

0.126

Helium gas is used as a camier gas in GC/MS. However, in recent years, the use of hydrogen as an altemative
gas has increased dus to helium gas supply shortages and soaring prices. There are advantages when hydrogsn
is used as an altemative gas; for instance, sensitivity is similar to that with helium, and high-speed analysis can
be performed. However, caution is necessary in handling hydrogen as it is flammable. Hydrogen is obtained from
hydrogen gas generators through the electrolysis of water. As a result, smaller quantities of hydrogen need to be
stored, which dramatically improves the degree of safety in comparisan to when gas cylinders are used. In
addition, there is no need to purchase gas cylinders consecum-ely, whlch reaur.es running costs.

This Dala Sheet presents an evaluation of the usefulness of the hydrogen gas generator with the
GCMS-QP2020 forthe simultaneous analysis of pesticides. The GCMS—QPZDZD is equipped with a new type of
turbomelecular pump, and is more than capable of accommodating hydrogen as ine carrier gas.

Experiment |

Mixed standard solutions were prepared at 0.005 mg/L, 0.01 mglL, 0.05 mgiL, 0.1 mgiL, and 0.5 mglL, by diluting
a pesticide standard sample containing 59 pesticides. The method was created utiiang the EZGC Method
Translator®, which is provided online by Restek Corporation (hitp:/iwww.restek comvezge-mifc). For details on
EZGC Method Transiator®, refer to Application Data Sheet No. 120.
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HS-20 NX Headspace Sampler : —

Dry purge

i ra
Vial -+
Carrier Gas Pressurizing Purge Gas :
Gas

Dry purge vent

Note: Purge gas is required for HS -20 Trap models only. Vial pressurizing gas 40
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TD-30/20 Thermal Desorption Systems

| camercas | PugeGas _ iy
He, N,

Supported Gas He, N,

Carrier gas Purge gas

41
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PT7000/Aqua PT6000 Purge & Trap System

______________________________________________________________________

: Sample Purge Pressurizing _
- Pumping Gas Carrier gas

Supported Gas  He, N,, H, He, N, He, N, Sample purge gas
(PT7000)

Supported Gas He, N, He, N, He, N,
(Aqua PT6000) 42

Pressurizing pumping gas
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AOC-6000/5000 Series Multi-Functional Autosamplers

Purging the HS Syringe Purging the SPME Fiber

. Purge Gas for HS
- and SPME

Supported Gas He, N,, H, He, N,

43



) SHIMADZU

PY-3030D/PY-2020iD Multi-Shot Pyrolyzer

| cCarrierGas

Supported Gas

He, N,

Sampler - holds and
positions the sample

Quartz pyrolysis
tube
(amblent + 10 10 1,050°C) Cooling sir

Insulation
Interface heater
(40 - 450°C)

I o

heater adapter

Carrier gas

4L
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Measures for Using Py-Screener

Py-Screener Ver. 2 Phthalate Ester and Brominated Flame Retardant Screening System

IEC 62321-8 Screening Criteria
(for phthalate ester screening)

o AN | Py-GC/IMS

4 £
<500 || 500 to 1500
mg/kg mg/kg -

Good Not good
Accurate Accurate
guantitative analysis guantitative analysis

not required not required

Soxhlet-GC/MS or LC/MS

Note: Identical as when using Py-Screener Ver. 1 45
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Measures for Using Py-Screener

® |EC standards specify using helium, so measures involve reducing helium consumption.
® Additional helium gas reductions can be achieved by the following measures.

Method (1): Change the Cup Collection Gas Cup Collection Gas He N, N,
He — N,
Method Normal Normal Fast*
Quantity of gas used _ Total He Reduction — 36 % 73 %
to collect Auto-Shot 1L 100 % reduction
sampler cups

He N,

Quantity of gas used
to collect Auto-Shot | 1

sampler cups 0L

Method (2): Change the Analysis Method
Normal — Fast*

Quantity of carrier 1.2 1.4 L* @*
: gas used .
Quantity of carrier gas used | 5 67 % reduction

* If the cup collection gas is changed to N,, change the Auto-Shot
sampler purge time to 3 minutes. Consequently, 0.2 L more
Normal Fast* helium will be used for Py-GCMS than when using helium.
* Indicates the helium gas reduction when using the dedicated fast analysis method for phthalate
esters. The helium gas reduction rate will be almost equivalent when the fast analysis method 46
for simultaneous analysis of phthalate esters and brominated flame retardants.




) SHIMADZU

Summary

Countermeasures-1: Reduce helium gas consumption

- Use the carrier gas saver mode and ecology mode.
- Use a gas selector.

- Use purity gas filter.
- Shut off the system if not being used for 2 to 3 days.

Countermeasures-2: Use an alternative carrier gas

- Alternative carrier gas choices differ depending on the system and options used.
- As a first choice, consider using hydrogen as an alternative carrier gas.

- Implement safety measures whenever hydrogen is used.

Be sure to read “Gas Chromatograph Hydrogen Gas Safety” on the Shimadzu website before using hydrogen. L :-i':'tl':-':l_
https://www.shimadzu.com/an/service-support/technical-support/handling-precautions/gas- y
chromatography/index.html



Be%20sure%20to%20read%20“Gas%20Chromatograph%20Hydrogen%20Gas%20Safety”%20on%20the%20Shimadzu%20website%20before%20using%20hydrogen.
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Thank you for your attention.

GCMS-QP, GCMS-TQ, and Nexis are trademarks of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.

Third-party trademarks and trade names may be used in this presentation to refer to either the entities or their products/services,
whether or not they are used with trademark symbol “TM” or “®”.



