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When low levels are no longer 
good enough

Moving toward trustable quantification of trace levels
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Introduction
Why trace-level quantification is becoming critical

Acceptable limits are continuously decreasing, reaching sub-ppm and ppb levels.
While analyzers can now detect extremely low concentrations, reliable calibration and measurement 
confidence have become the real challenges.

Examples across key industries:
✓ Hydrogen purity (ISO 14687)

Sub-ppm / ppb limits for CO, NH₃, H₂S and formic acid to prevent fuel cell catalyst poisoning.
✓ Environmental monitoring

Ambient air limits often below 50 ppb for NO₂ and SO₂, requiring calibration gases at even lower levels.
✓ Semiconductor manufacturing

HF, NH₃ and siloxanes below 10 ppb to avoid wafer damage and yield loss.

As acceptable limits go lower, reliable and traceable quantification becomes essential
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The Calibration Challenge

▪ Trace calibration gases are often unavailable commercially

▪ And when they are, the lower the concentration :
➢ The higher the cost

➢ The higher the uncertainty

➢ The shorter the lifetime

➢ The longer the delivery lead time

$ RSD Lifetime 
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A solution – Dynamic gas mixture 

▪ 1 way to tackle this challenges is through dynamic gas generation :
✓ On-site generation of trace calibration gases

✓ Flexible and immediately available

✓ Full traceability

✓ Following an international standard

▪ Generate dynamic gas mixture - ISO 6145 methods
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Dynamic Dilution via ISO 6145-7

▪ High-accuracy mass flow controllers -> 
combined uncertainty  below +/-1% of the set 
flow 

▪ Can dilute to 108 with a 2nd stage dilution (ie
from 100% to approx. 10ppb)

▪ Automated system for dynamic gas generation

▪ Compliant with aggressive gases & trace 
analysis: SS316 tubing with inert coating, zero 
dead volume
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Trace Analysis
▪ At trace level, adsorption or memory effect is no longer negligible

▪ The system between the gas cylinder and the analyzer shall be designed for trace analysis

▪ Special care is to be taken for all parts in contact with the gas (diluter and pipings) -> Inert coating

Example: Ammonia NH3, a very sticky gas

Source: O. Vaittinen et al, “Adsorption of gas phase ammonia on treated stainless steel and polymer surfaces ,”
submitted to Measurement Science and Technology 6/21
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Traceability and Metrology

▪ Mass flow controllers calibration are NIST traceable (volumetric flowmeters used for the calibration 

certified by an accredited ISO 17025 lab)

▪ Complete audit trail and mixture generation certificates with generated concentrations and associated 

uncertainties
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Uncertainties calculations

▪ For a final concentration, the main uncertainty contributions are:
✓ Initial gas standard uncertainty
✓ MFC calibration flow meter uncertainty 
✓ MFC uncertainty

 Each contribution is expressed as a standard uncertainty 𝑢𝑖

▪ Combination (GUM)
 uc = combined standard uncertainty
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Uncertainties calculations
▪ Expanded uncertainty

Where:
➢ uc is the combined standard uncertainty (GUM)
➢ k is the coverage factor

For routine industrial measurements:
➢ k = 2
➢ Confidence level ≈ 95 %

9/21



PARIS

Application 1: Hydrogen Purity (ISO 14687)
Maximum concentrations of individual compounds are listed in the ISO 14687 method :
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Application 1: Hydrogen Purity (ISO 14687)
Possibility to assess detection limits :
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Application 1: Hydrogen Purity (ISO 14687)
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Application 2: Sulfur & Ammonia

Standard gas used :

▪ Several sulfur componds at around 1ppm Mole (H2 matrix)

▪ NH3 at 10ppm Mole (H2 matrix)

Instrument Setup
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Linearity COS Linearity H2S

Application 2: Sulfur & Ammonia
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Application 2: Sulfur
Calibration Gas dilution to 100ppb level:

• 100.57 ppb Mole H2S => RSD% (n=3) = 1.9 %

• 100.00 ppb Mole COS => RSD% (n=3) = 0.8 %

• 100.57 ppb Mole MeSH => RSD% (n=3) = 0.3 %

• 94.82 ppb Mole EtSH => RSD% (n=3) = 0.6 %

• 101.14 ppb Mole DMS => RSD% (n=3) = 1.0 %

Sub-ppm Analysis
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Application 2: Sulfur
Low-ppb Analysis

Calibration Gas dilution level:

• 1.00 ppb Mole H2S => RSD% (n=3) = 7.9 %

• 1.00 ppb Mole COS => RSD% (n=3) = 0.5 %

• 1.00 ppb Mole MeSH => RSD% (n=3) = 13.8 %

• 0.94 ppb Mole EtSH => RSD% (n=3) = 5.9 %

• 1.01 ppb Mole DMS => RSD% (n=3) = 3.3 %
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Application 2: Ammonia

Gas dilution level:

• 100 ppb Mole NH3 => RSD% (n=30) = 7.1 %

• 50 ppb Mole NH3 => RSD% (n=30) = 19.4 %
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Methodology :

• Starting concentration : 10 ppm Mole NH3 in H2

• Sampling line purged 6 minutes at 200ppb Mole NH3

• Stabilization time: 2 minutes

-> Even for NH3, which is very adsorptive, the results show stable and 
repeatable measurement at 100ppb, and controlled performance down 
to 50 ppb.  
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Application 3: PFAS
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Application 3: PFAS
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Conclusion
▪ At trace levels, confidence is everything

▪ Accurate gas generation at sub-ppm and low ppb levels can be achieved via ISO 6145-7

▪ Dynamic dilution with GasMix devices transforms calibration into a traceable, flexible, and
reliable process, ensuring trustable quantification in every measurement.
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Thank you
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