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Halogenated ozone-depleting substances (ODSs) and greenhouse gases (GHGs) have been
monitored at Jungfraujoch since 2000. These measurements are combined with atmospheric
transport models for identifying and quantifying national and regional emissions (Switzerland
and neighboring countries). These "top-down" estimates are then used to verify "bottom-up"
estimates of the national reporting authorities, which are based on industry information
(import/export/manufacture). Furthermore, the measurements help to track global trends of
these compounds in the "background" air. Measurements at Jungfraujoch comprise a suite of
>50 compounds, such as chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs),
perfluorocarbons (PFCs and SF6), hydrofluorocarbons (HFCs), which are regulated under the
Montreal and Kyoto Protocols, and additional halogenated hydrocarbons. Most of these
compounds are core-substances measured by the AGAGE program (Advanced Global
Atmospheric Gases Experiment), of which Empa is a partner.
For the 2013 activities we chose to present results of the group of hydrofluorocarbons
(HFCs). These are mainly used in refrigeration and foam blowing in substitution for the
CFCs and HCFCs. The figures below show atmospheric abundances at Jungfraujoch and
Cape Grim (Tasmania, southern hemisphere) as examples of semi-remote to remote stations.
In addition, we started to conduct measurements at Empa/Dübendorf using the same GCMSMedusa measurement technique as at Jungfraujoch. Our first plots in Figure 1 show HFC-32
(CH2F2), HFC-125 (CHF2CF3), HFC-134a (CH2FCF3), and HFC-143a (CH3CF3). These
compounds are typically mixed into refrigerant blends (R-blends, e.g. R-404A). At
Jungfraujoch, we observe frequent pollution events indicating their wide-spread use in
Europe. The Cape Grim record shows also pollution events, albeit smaller in magnitude.
These can be linked to air mass transport from the Port Phillip Bay area (Melbourne). By
contrast, the Dübendorf site shows very large pollution events, which are presumably due to
the nearby sources of these compounds. In fact, the Dübendorf record shows consistently
higher mole fractions compared to Jungfraujoch, i.e. there are no events of ‘background /
baseline’, indicating that these compounds are ubiquitous in the surrounding of this urban
measurement site.
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Figure 1. Atmospheric abundances of the refrigerant hydrofluorocarbons (HFC) HFC-32
(top left), HFC-125 (top right), HFC-134a (bottom left), and HFC-143a (bottom right) for
2008 -- 2013. The records are from Jungfraujoch (purple), Cape Grim (Tasmania, Australia,
in black), and from the urban site Dübendorf (Switzerland, in yellow). The x-label defines
years, the y-label dry-air mole fractions in parts per trillion (ppt). The plots show the
general global increase of these compounds in the atmosphere, the interhemispheric
difference, and the large mole fraction near the sources (Dübendorf).
By contrast, we show HFC-23 (CHF3) and HFC-236fa (CF3CH3CF3) in Figure 2. HFC-23, a
by-product in the HCFC-22 (CHClF2) manufacture, has no other major known sources and
hence the pollution events at Jungfraujoch (advected from the south, mainly from HCFC-22
production plants in northern Italy) are smaller in magnitude than those of the refrigerants in
Figure 1. HFC-236fa is used in specialized cooling application and not permitted for use in
Switzerland. It shows no significant pollution event at Jungfraujoch and Dübendorf. The
global background of this compound is small but growing rapidly (on a relative basis), and is
expected to continue to do so due to the long atmospheric lifetime of ~240 yr.

Figure 2. Same as Fig. 1 but for HFC-23 (left) and HFC-236fa (right). HFC-23, a byproduct of the HCFC-22 manufacture, is seen in polluted air from the south. These
compounds are not used in Switzerland and hence show smaller or no pollution events at the
urban site of Dübendorf and the baseline values of Dübendorf match those at Jungfraujoch.
Our examples demonstrate the need and value of background stations for the measurements
and quantification of halogenated trace gases. The location of Jungfraujoch and its air
advection patterns allow for the detection of pollution events from large parts of Europe
without significant disturbance by regional sources. In contrast, an urban site like Dübendorf
is of limited value for measurements of locally emitted compounds, but allows for the
detection of new compounds, through pollution events of nearby emitted substances, for
which the background concentrations are yet too small to be detected at Jungfraujoch.
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