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Response to Letter to the Editor
Response to letter regarding article, “Use of electronic cigarettes (e-cigarettes) impairs indoor air
quality and increases FeNO levels of e-cigarette
consumers”
We thank Drs. Farsalinos and Voudris for their careful reading
of our study (Schober et al., 2013) on the effects of e-cigarette consumption. In this study, we performed a comprehensive inner und
outer exposure assessment by analyzing the indoor air concentration of e-cigarette emissions and by monitoring acute effects on
FeNO release and urinary metabolite proﬁle of e-cigarette users.
We showed, that vaping can increase FeNO levels of consumers and
impairs indoor air quality by the release of high amounts of potentially harmful substances including volatile organic compounds,
particles and polycyclic aromatic hydrocarbons (PAH). In response
to the comments we would like to point out the following.
It is stated that control and vaping sessions were performed
on different days, and, therefore, differences in PAH levels may be
caused by day-to-day changes in environmental levels. Motor vehicle emissions represent a major source of ambient PAH and, thus, in
urban areas time-dependent variations in PAH levels are primarily trafﬁc-related (Lintelmann et al., 2005; Schauer et al., 2003).
Aerosol samples collected over 3 years for 24 h at busy roads in
Munich (Germany) showed PAH contents between 1.67 ng/m3 and
15.13 ng/m3 (Schnelle-Kreis et al., 2001). Such background PAH levels would contribute <5% to the overall PAH burden observed during
the vaping sessions (276.5 ng/m3 to 663.0 ng/m3 ) and would not be
of relevance. Furthermore, we do not consider the mere presence of
subjects without any vaping activity as a serious indoor source for
PAH or other pollutants. Thus, control measurements were taken
without room occupancy.
As shown in Figure 2D of our article, vaping e-cigarettes, either
with or without nicotine, resulted in a distinct increase of urinary
levels of the acrolein metabolite 3-hydroxypropylmercapturic acid
(3-HPMA). In pre-post comparison, this increase was statistically
signiﬁcant for nicotinic vaping (p = 0.007), but only slightly signiﬁcant for nicotine-free vaping (p = 0.06) due to higher standard
deviations. Nevertheless, after e-cigarette use urinary 3-HPMA levels were substantially elevated in all subjects irrespective of the
nicotine content of the aerosolized liquid.
Regarding FeNO, an increase is commonly considered as adverse
in the ﬁeld of eosinophil-related respiratory diseases. However, as
indicated by experimental and observational data, e.g. (Schneider
et al., 2013, 2014), neutrophilic inﬂammation can lower FeNO.
Thus, the interpretation of FeNO needs some caution, even more
in non-speciﬁc interventions. E-cigarette vapor could cause neutrophil and/or eosinophil activation, as well as changes in enzyme
activity; all of these effects have some a priori plausibility. Based
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on this, it is not odd to consider both a reduction and an increase
of FeNO as signs of inﬂammatory activation, depending on the circumstances. We tried to understand the opposite changes in the
two studies via a time-dependent action of nicotine and consider
this a sensible hypothesis. We also used FeNO only as an indicator
of physiological changes in the lung and never expected changes
leading from the normal range (which is fairly broad, see Dressel
et al., 2008), into the asthma range. If e-cigarettes would have such
tremendous effects, clinical alterations would have been observed
long before. The subjects’ low FeNO reﬂected the absence of respiratory allergies and respiratory tract infections. FeNO is known to
be fairly stable in repeated measurements and we implemented
pre-post comparisons within a short period of time. There were
also no measurement procedures that are known to bias FeNO.
Thus, we do not recognize the need for a placebo control. Whether
the observed change of FeNO indicates a long-term risk, cannot
be answered by a study designed to detect short-term effects. We
did not pretend such an extrapolation and this question is open
at present. We observed a non-trivial physiological response to
nicotine-containing e-cigarette vapor, which in common parlance
is called “inﬂammatory”, as we did in the abstract; a more detailed
discussion, which included a mechanism not directly involving
eosinophilic inﬂammation can be found in the discussion.
In contrast to conventional smoking, particles related to vaping
activity are not generated from a combustion process, but by direct
evaporation. Due to this different operation principle, e-cigarette
particles differ of course in chemical composition and size distribution from that of tobacco cigarettes. However, it cannot be
deduced from this, that long-term inhalation of 1,2-propanediol
nano-droplets must be completely safe. Because of the high vapor
pressure of 1,2-propanediol, the dynamics of the aerosol is fast
(Verevkin, 2004). In our study, particle number concentrations
reached high median values (up to 88,386 particles/cm3 ), with
peaks at diameters 24–36 nm. Such particles are assumed to be
deposited in the deeper parts of the lung. Moreover, it has been
shown, that the size distribution of e-cigarette particles may change
within the lung and lead to the exhalation of even smaller particles (Schripp et al., 2013). Since 1,2-propanediol has the potential
to cause upper airway irritations (Wieslander et al., 2001), further research is needed to address long-term effects of exposure
to e-cigarette aerosols.
Our judgment on the toxicity of nicotine was based on the available data which are internationally accepted (IPCS, 1991). Thank
you for pointing to the analysis given by Mayer (2014) which
became available after publication of our paper and which questions the common view on lethal doses of nicotine. On the other
hand, we primarily referred to the hazards for children, and children might be more vulnerable than adults. In fact, there are data
for children, e.g. regarding transdermal nicotine patches or gums or
other forms of exposure (Davies et al., 2001; Smolinske et al., 1988;
Wain and Martin, 2004; Woolf et al., 1997), which suggest that only
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<0.1 mg/kg are safe and 0.2 mg/kg may be sufﬁcient to cause at least
clinical symptoms. Signiﬁcant physiological responses were seen
after ingestion of 0.5–4 nicotine resin gums; such gums commonly
contain about 2 mg nicotine each. We would therefore not be too
much conﬁdent on the doses hazardous for children, in particular, if a small child consumes 1–3 ml of the nicotine liquids used
in our study (equivalent to 22–66 mg nicotine), and we insist that
this is an issue that has to be taken into account in considering the
distribution of e-cigarettes.
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