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1 Methods Section for Supplementary Materials (Some text is overlapping with the content
of the M ethods Section in the main paper)

1.1 Residential fossil fuel and wood heaters

The samples were taken from a large variety of burner types,siystems, and burning capacities.
For each location, two samples (A and B) were taken typicalymin apart. The exhausts of two
old (>20yrs) oil-burner systems were sampled, both from singteify houses. In the first case
(S-1), the samples were taken from a chimney access in tisgaibut 4 m above the combustion
chamber. The first sample (S-1A) was drawn shortlf (nin) after starting the burner, such that the
potential differences between this presumably non-optimaning and the more optimized burning
(S-1B ~20 min after S-1A was collected) could be later investigat€de samples of the second
oil-burner system (dating to 1992) were taken from the eghpipe at~1 m from the burner where
an exhaust temperature Bf0 °C was measured (S-2).

A variety of natural gas burners were also sampled. The sn$:B were taken from the roof-top
chimney exhaust of a 4-party apartment house. The samplese&e also taken from the roof-top
chimney exhaust of a tall 25-party apartment block. The dasnf-5 were taken at the roof-top
chimney exhaust (S-5A wash °C and S-5B wasi0 °C) from two different burner systems of a
school complex, where S-5B was from a burner system with@ Ebndensation-recovery system.
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The samples S-6 were both taken from a 3.7 MW gas burner sy4&8d) at Empa, which combusts
~330 N hr~! of natural gas. These samples were tak&m downstream of the burner where an
exhaust temperature 820 °C was measured. The samples S-7 were taken from the exhateshsys
of a single-family house, a few meters downstream of thedaufiouilt in 1999) at a temperature of
52 °C.

In addition to the fossil fuel-based heating systems, twodvburning systems were also sampled.
The samples S-8 were taken from a modern (2007) fully autednabod-pellet burning system of
a 2-family house. Both samples were drawn from the exhapsty2 m downstream of the burner.
The first sample (S-8A, temperaturel@8 °C) was collected only a few minutes after the start of
the system. The second sample (S-8B, temperaturg4atC) was collected aftex-10 min when
the system was in full burning mode. The samples S-9 werentiiken an indoor open fire place of
a single family house, in which pieces of local beech wer@burhe samples were drawn through
an opening in the chimney systen#t m above the fire. The first sample (S-9A) was taken when the
fireplace door was left open, which resulted in a reducedrait dnd slower burning with a sample
temperature of55 °C. The second sample (S-9B) was taken with the fireplace doarstlentirely
closed. This created a stronger air draft with a more rigeftaming and an exhaust temperature of
170 °C at the sample location. Finally, ambient air samples wese @bllected during this campaign
in order to determine approximate concentrations of thdraiwn for combustion.

Analysis on the RGA-3: Some of the samples were diluted usypnghetic air, from which traces
of Hy and CO were removed using a catalyst (Sofnocat 514, Mole@utzducts, Thaxted, UK).
These samples, with their dilution factors in parenthesese 7A (4.09), 8A (20.8), 9A (106), and
9B (26.7).

Analysis on the GC-FID/ECD: The samples were also analyk&ad/(2009) on a GC (Agilent
Technologies 6890N and controlled through GCWerks) latatehe Jungfraujoch observatory and
equipped with a flame-ionisation detector (FID) for CO and,CHhe sample measurements were
bracketed by those of a working standard at ambient coraténis of CO and Cll This instrument
has linear detector response in the ambient concentratimeras found through earlier experiments
(Steinbacher and Vollmer, unpubl. data), but needed to li@ated for high-concentration CO sam-
ples at concentrations2 ppm. Additional analysis of two high-concentration staris (2.01 ppm
and 8.25 ppm, NIST-2612a calibration scale) revealed atsii@ nonlinearity at higher concentra-
tions, which was corrected. The measurement precisions Wy, for CH, and 1.1% for CO. CO
results are reported on the WMO-2000 calibration scaleh(WitST and WMO-2000 in very close
agreement, Zellweger et al. (2009)) and Ligsults are reported on the NOAA-2004 calibration
scale (Dlugokencky et al., 2005). The overall accuracredyting calibration scale and nonlinear-
ity uncertainties, are estimatedaf % for both compounds. This GC was also equipped with an
electron-capture detector allowing for the measuremehtstimus oxide and sulfur hexafluoride,
which, however, are not further discussed here.
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1.2 Wasteincinerator exhaust

Exhaust gas was sampled at six Waste incinerator faciliiesighout Switzerland. These incin-
erators are typically designed for the combustion of hoakkand industrial waste on a regional
scale (equipped with one to four boilers and yearly wasteuinput of 90'000 — 220°000t) and are
equipped with a sequence of filter systems to remove mostlesrand toxic substances. The sam-
ples were collected on the occasion of extensive measutemédisampling campaigns serving other
purposes. The firstincinerator (I-1) was sampled in 2008 wa®measured in-situ along with other
parameters, and 6 stainless steel flask samples were takere&surements of Hand CO on the
RGA-3. The second incinerator was sampled in November 2808y dive 2-L glass flasks, which
were measured on the RGA-3. In addition to the routine m1siéasurements, including CO, an on-
line mass spectrometer (H-sensd; ¥ Analyse- und Messtechnik GmbH, Austria) was used at this
site for a full day of measurements (see Bond et al. (20103 fdescription of the instrument). As
this instrument is not suited for very accurate tHeasurements in the ambient concentration range,
these data are not further discussed here. However, thessuneenents support the independently
performed flask sample measurement results and also revgtdeH, variability in the incinerator
exhaust over the course of the measurement day. Duringgbisd incinerator sampling, ambient
air samples were also drawn to characterize the compositithre intake air.

A large set of incinerators was sampled from September 20Match 2011 by collection of in-
tegrated (1 week) dried (MD-070-24S-4, Perma Pure, USARashgas samples in Cali-5-Bofd
sampling bags (GSB-P/44, Ritter Apparatebau, Germanyplarmg a peristaltic pump (ECOL-
INE VC-MS/CA8-6, Ismatec, Switzerland) at a flow rate of 3 mihm'. Some of these Tedlar bag
samples were cryogenically transferredd(6 L min—!) into evacuated stainless steel flasks and sub-
sequently measured on the RGA-3 a few days after transfeneSamples with large CO concen-
trations were transferred directly from the Tedlar bags asmall (50 ml) stainless steel container,
immediately diluted with purified (Hand CO free) synthetic air, and subsequently measured on the
RGA-3. CO, CQ, CHy4, and other trace gases were also measured from the Tedlaabgges
using FTIR instrumentation. However, ng i$otope analysis was conducted on these samples.

Exhaust gas samplesi were stored in the Tedlar bags fohasdwo weeks before transfer and/or
analysis. In order to assess potential diffusive exchdoggeobf H, through the Tedlar bags during
storage, a stability experiment was conducted. A refergassample of3 ppm H, (also including
~2 ppm CO and other compounds) was collected in a Tedlar bagdsito an ambient laboratory air
H, and CO environment, similar (in temperature and light expesto that used for storage of the
waste incinerators. The sample was repeatedly (4 timeslyn@anthly) analyzed on the RGA-

3 along with the original reference gas (stored in a cylihnd@ver the course of 3.5months, an
increase of-7 % (~210ppb) in H and~12% (~240 ppb) in CO was detected. At the same time, a
similar experiment was conducted with synthetic air sasthiat contained small concentrations of
Hs (~20 ppb) and virtually no CO. Here, an increase-df30 ppb H and 65 ppb CO was detected
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over that same time span. The cause for these increasesthasemdurther investigated but could
possibly be related to potentiabtind CO production from plastic under the influence of lighe W
originally suspected that diffusive exchange could paddigtalter the H concentration in the Tedlar
bags. However, the fact that we observe an increase ioMdr time in the bag with the3ppm H,

(and the ambient air having lower concentrations) ind#tat this would not be the only process
that might alter the K composition/concentration. If we scale the results to tbeagle time of our
incinerator samples, then the potential &hd CO concentration increases are relatively small and
do not change our scientific interpretation. However, forger storage, Tedlar bags may not be
suitable for B and CO experiments. Also, potential alterations of the Diidrdy storage in Tedlar
bags may be expected.

1.3 Diesel powered vehicles

Exhaust gas analysis of diesel-powered vehicles was ctedlat Empa in 2008 as part of an ex-
tensive dynamometer test stand emission study that indltgeemissions, and that were part of a
larger fleet study also including gasoline vehicles (Bondlgt2010). This included the measure-
ments of 5 light-duty diesel delivery vehicles and 1 paseengr, most of which were tested under 6
different driving cycles. All diesel vehicles were classifiby the Euro-4 emission standards. They
were equipped with oxidation catalysts and three had djgeicle filters. On-line direct exhaust
measurements were conducted for a suite of compoundsalmeasured using the H-sense MS de-
scribed in 1.2. For most of the diesel exhaust measuremaéiftéomw H, concentrations<€1 ppm),
this instrument was not suitable for accurate quantificeliecause of its blank concentrations of
similar size. The CO instruments used (Mexa 7100 AIA-7214 AA-722, Horiba, Japan) exhibit
similar limitations. However, large Hand CO concentrations (up to several hundred ppm) occurred
during all cold starts and during some of the acceleraticasph making these two measurement
techniques suitable for these periods. We have extractes theriods for further investigation of
H>/CO and have selected the duration based on the criterisaokiiorrected b>1 ppm. Mean

H, and CO concentrations were calculated over the typicallynt-g8min phases of the cold starts
and the 15-30 sec periods during some of the acceleratiomgl3 limit the analysis of HCO to
these compounds’ mean concentrations over these perieddento avoid potential mismatches of

response time characteristics of the two instruments.



References

Bond, S. W., Alvarez, R., Wollmer, M. K., Steinbacher, M., @Wdamann, M., and Reimann, S.: Molecular
hydrogen (H) emissions from gasoline and diesel vehicles, Sci. Totirgny, 408, 3596-3606, 2010.

Dlugokencky, E. J., Myers, R. C., Lang, P. M., Masarie, K. @rotwell, A. M., Thoning, K. W., Hall, B. D.,

125 Elkins, J. W., and Steele, L. P.: Conversion of NOAA atmosighgry air CH, mole fractions to a gravimet-

rically prepared standard scale, J. Geophys. Res., 110,0db029/2005JD006035, 2005.

Zellweger, C., Huglin, C., Klausen, J., Steinbacher, Mljier, M. K., and Buchmann, B.: Inter-comparison of
four different carbon monoxide measurement techniquesegaltiation of the long-term carbon monoxide
time series of Jungfraujoch, Atmos. Chem. Phys., 9, 34903,38009.



