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To answer the needs of air quality and climate monitoring
networks, three reference gas generators were developed and
manufactured at METAS, dynamically producing reference gas
mixtures for reactive compounds at atmospheric concentrations
which are traceable to the international system of units (SI).
These generators (Reactive Gas Standard ReGaS) can be applied
for on-site calibrations of instruments in laboratories as well as
in air quality monitoring stations. The technical features of the
mobile generators allow the realization of such gas standards for
reactive compounds (e.g. NO

2
, NH

3
, volatile organic compounds)

in the nmol·mol–1 range (ReGaS1 and ReGaS2), and halogenated
gases in the pmol∙mol–1 range (ReGaS3).

The generation method is based on permeation and dynamic
dilution. The purpose-built, multi-chamber permeation ovens
of generators ReGaS2 and ReGaS3 allow for the generation of
mixtures containing up to five different compounds. This mixture
is then diluted using thermal mass flow controllers (MFC), thus
making the production process easily adaptable to generate
the required concentrations. All parts of ReGaS1 and ReGaS2
in contact with the gas mixture have been treated with a silica-
based coating to reduce adsorption/desorption processes. Every

input parameter relevant for the generation of the reference
gas mixtures is calibrated with traceable standards at METAS.
Therefore the molar fraction of the reference gas mixture with
its associated uncertainty is traceable to the SI.

The stability and reproducibility of the generated amount
fractions were tested with NH

3
for ReGaS1, NO

2
for ReGaS2

and HFC-125 for ReGaS3. They demonstrate stability over days
better than0.2%,0.4%and0.8%, respectively, and reproducibility
better than 0.5%, 0.7% and 1%, respectively. Finally, depending
on the analyte and concentration, the relative expanded
uncertainty of the generated concentration is between 1.5% and
4% with the major contributions coming from the uncertainty of
the permeation rate and/or of the purity of the matrix gas.

The reference gas mixtures can be used on-site for the
calibration of measurement instruments at the relevant
atmospheric amount fractions. The relative expanded
uncertainties are sufficiently low for distinguishing long-term
atmospheric trends recorded with high-resolution and high-
precision instrumentation.
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(A) CAD design and (B) picture of the multi-chamber permeation oven
in ReGaS2 and ReGaS3 with Silconert2000 coating allowing for the
generation of up to five compounds simultaneously.

Scheme of ReGaS3. ReGaS3 has two dilution steps and a multi-
chamber permeation oven for the generation of halogenated
compounds at pmol/mol level. (MFC: mass flow control, PrC:
pressure control.)


