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1. Project description 

Halogenated synthetic greenhouse gases (GHGs) and ozone-
depleting substances (ODSs) have been monitored at Jungfraujoch 
since 2000 as part of the BAFU-funded project “HALCLIM”, which 
was extended into “CLIMGAS-CH” in 2018. These measurements 
are combined with atmospheric transport models for identifying 
and quantifying national and regional emissions of non-CO2 
greenhouse gases (Switzerland and neighboring countries). For 
these synthetic greenhouse gases the "top-down" (observation-
based) estimates are used to support "bottom-up" estimates of the 
national reporting authorities, that are based on industry 
information (import / export / manufacture). Furthermore, the 
measurements help to track global trends of ODSs and GHGs in the 
“background” air. Measurements at Jungfraujoch comprise a suite 
of more than 50 compounds, such as chlorofluorocarbons (CFCs), 
hydrochlorofluorocarbons (HCFCs), perfluorocarbons (PFCs and 
SF6), and hydrofluorocarbons (HFCs), which are regulated under the 
Montreal Protocol on Substances That Deplete the Ozone Layer, 
and the Kyoto Protocol, and additional compound classes such as 
hydrofluoroolefines (HFOs) and 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. Individual measurements are conducted 
on 2 L of sampled air and using a gas chromatograph-mass 
spectrometer (GC-MS) analytical technique (Miller et al., 2008).  

For the 2020 activities we report on the installation of a new 
instrument, Aprecon-GC-ToF-MS (Advanced-preconcentration gas 
chromatograph time-of-flight mass spectrometer) for measure-
ments of halogenated trace gases at Jungfraujoch (Photograph 1). 
The instrument features new technologies, foremost allowing for a 
near complete “fingerprint” trace gas scanning of the atmosphere 
at very low concentration levels. The Aprecon-GC-ToF MS will be 
run in parallel with the existing Medusa-GCMS for an extended 
period of time to provide a thorough on-site instrumental 
comparison.  

From a historic perspective, CLIMGAS-CH/HALCLIM started in 2000 
with an Adsorption-Desorption-System (ADS) GC-MS, developed by 
the University of Bristol (Simmonds et al., 1995). In 2008, it was 
replaced by a Medusa-GC-MS developed at the Scripps Institution 

of Oceanography (SIO, Miller et al., 2008). In December 2020, the 
Medusa-GC-MS was complemented by the Aprecon-GC-ToF-MS 
system, developed by Empa.  

 

Photograph 1. Advanced preconcentration (Aprecon) GC-Tof-MS 
installed at Jungfraujoch. Custom-built preconcentration unit on 
top of the gas chromatograph. ToF-MS in foreground behind 
computer screens.  

Parts-per-trillion (ppt, pmol mol−1) and parts-per-quadrillion (ppq, 
fmol mol−1) mole fraction detection of atmospheric trace 
constituents requires, in most cases, a sample preconcentration to 
enhance the detector signal size. All three above-mentioned 
systems use a cold-trap collection of 2 L sample (air or calibration 
standard), with a trap-heated desorption for subsequent GC 
injection. The ADS was equipped with a single trap packed with 
Carbotrap, Carboxen 1003, and Carboxen 1000, and refrigerated to 
~−50  C using Peltier elements. The Medusa uses a two-trap system 
with HayeSep D packing material and a closed cycle refrigeration 
system (Cryotiger, Polycold), allowing for trapping temperatures at 
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~−160  C. The two-trap system enables a sample cryofocusing and 
a substantial removal of large fractions of the main constituents of 
the atmosphere (O2, N2, noble gases, CO2). The refrigeration system 
of the Medusa in the entire AGAGE network is in process of being 
replaced by a Stirling cooler system (Sunpower), allowing for lower 
and more controlled trapping temperatures (~−180 °C), with the 
Jungfraujoch Medusa having undergone this change in spring 2020. 
Aprecon is designed similar to a Stirling-equiped Medusa with two 
traps, however, in addition, the two traps can be lifted off the 
refrigeration plate before heating and compound desorption (Eyer 
et al., 2016, and technology adopted by the National Oceanic and 
Atmospheric Administration, NOAA, Miller et al., unpublished 
work). This technology necessitates less heat input to the 
traps/baseplate and hence a faster recovery to subsequent 
trapping temperatures.  

The measurement systems have also undergone other improve-
ments over time, related to valve technology, sample size 
determinations, but most notably, chromatographic separation as 
well. While the ADS was fitted with a CPSil-5 silicone capillary 
column, the Medusa was originally equipped with a single 
Porabond Q capillary column. This was later modified to allow for 
the measurement of the powerful greenhouse gas nitrogen 
trifluoride (NF3), by an additional Gaspro column, through which 
only the first high-volatility compound desorption is routed in the 
typical Medusa staggered desorption technique (Arnold et al., 
2012; change to NF3 mode at Jungfraujoch in April 2014). The 
Aprecon instrument is equipped with Gaspro columns only but 
include a main (60 m) and an additional 5 m long precolumn to 
backflush late-eluting compounds, which would otherwise disturb 
the measurements of subsequent sample injections. This 
improvement was, among other reasons, a requirement for the 
significant change in the MS detection system.  

MS acquisition in both ADS and Medusa systems are quadrupole 
MS (q-MS, Hewlett Packard, later Agilent Technologies) with 
upgrades to the latest models available. The Aprecon-GC-ToF-MS 
however is equipped with a Time-of-Flight mass spectrometer (H-
TOF, Tofwerk, Thun). Several technical and software improvements 
and adaptations were necessary for using the ToF-MS in 
combination with high-precision GC measurements. There are two 
significant advantages of the ToF-MS over the q-MS: first, an entire 
fragment mass range (here set to 24 m/z–300 m/z), and virtually up 
to >900 fragments can be measured simultaneously with the ToF-
MS. This compares to only 10−15 simultaneously measured 
fragment ions with the q-MS, when in selected ion mode (scan 
mode is not yielding sufficient sensitivity). Second, this ToF-MS has 
a significantly larger mass resolution (~4'000) compared to the q-
MS (1), allowing for improved separation of compounds based on 
fractional masses of the ionized fragments. These advantages allow 
for detecting and measuring many more compounds in the 
atmosphere. They allow for studying hitherto unknown 
compounds, to determine their atmospheric abundances and 
trends, and thereby to determine the present and potential future 
impact on the chemistry of Earth's atmosphere. While the 
detection and identification of new compounds are also addressed 
with this new measurement technique, and require innovative 
tools that are under development, the present report is focussed 
on a first comparison of in-situ measurements for the Medusa 
GCMS and the Aprecon-GC-ToF-MS for known compounds.  

With the installation of the Aprecon-GC-ToF-MS in early December 
2020, a preliminary one-month long on-site intercomparison 
between the two instruments at Jungfraujoch is now possible. The 
two instruments draw air samples from an upgraded inlet system 

at the end of the ~40 m long ridge extending NE from the visitor 
terrace. Each instrument's air sampling module is connected to a 
separate heated inlet line (100 m, Synflex 1300, 12 mm OD). 
Calibration of the two instruments is based on individual whole air 
quaternary (working) and tertiary transfer standards, ultimately 
linked to the same AGAGE SIO primary calibration scales for the 
individual compounds. From a suite of >50 substances, a selection 
of five has been chosen for an illustrated comparison in Fig. 1. 

 

Figure 1. Jungfraujoch records of five selected trace gases for 
December 2020 for the Medusa GC-MS (in orange, operated 2008 
– present) and the Aprecon GC ToF-MS (in blue, operated Dec 2020 
– present). Halogenated trace gases of one each of four 
generations are selected plus one hydrocarbon (ethane).  

Mole fractions for the five compounds range from sub-ppt to lower 
ppb (nmol mol−1). Absolute mole fractions generally agree well and 
the atmospheric variability, if present, is being tracked similarly by 
the two instruments. Nevertheless, significant differences are 
present for some compounds (e.g. HFC-125), which however are 
masked by the large variabilities in the record. In general, this first 
in-situ comparison reveals somewhat poorer sensitivities, 
detection limits and measurement precisions for the Aprecon-GC-
ToF-MS. Also, admittedly, the five example compounds shown in 
Fig. 1 belong to the group of well-compared compounds. There are 
also some compounds, for which the Aprecon-GC-ToF-MS shows 
significantly different absolute mole fractions and/or poorer 
precisions compared to the Medusa-GC-MS. Efforts are now 
underway to understand these discrepancies, and some have 
already been assigned to coelution (in mass and/or time), which 
will need improved integration techniques. Further on-site tests 
(non-linearities, system blanks) are underway to perform a rigorous 
evaluation of the new system under field station conditions — 
laboratory tests have so far shown promising results. Overall, the 
performance of the new Aprecon-GC-ToF-MS looks very promising 
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