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ABSTRACT: Nitric oxide determination in exhaled air using chemiluminescence
analysers is increasingly used, but may be affected by various other components of the
air sample. The influence of several compounds originating from endogenous or
exogenous sources on NO readings has been studied.

Defined amounts of water vapour, carbon dioxide, acetone, heptane, acetonitrile,
oxygen, nitrous oxide and enflurane were added to air samples with NO concen-
trations 0±250 parts per billion.

Marked and significant decreases in NO readings, which strongly depend on the
concentration of the respective interfering compound, were found for water vapour
(0.155% per 1% relative humidity), carbon dioxide (1.97% per 1% CO2 volume/vol-
ume (v/v)) and nitrous oxide (0.608% per 1% v/v N2O). While acetone in concen-
trations up to 8.5% v/v had no measurable effect on NO readings, heptane and
acetonitrile led to marked decreases. Oxygen in concentrations of up to 95% (v/v) had
no effect on NO determination. NO readings were markedly decreased by >10% per
1% (v/v) of the anaesthetic enflurane. However, due to large variations in NO values,
these decreases were not statistically significant. Furthermore, enflurane reacted with
the molybdenum converter of the NOx analyser in use, resulting in major damage to
the instrument.

Eliminating, or at least considering, interferences by compounds present in exhaled
air is an urgent prerequisite for reliable and precise nitric oxide determination.
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Nitric oxide (NO) produced via NO synthases is de-
tectable in exhaled air of healthy subjects [1]. As NO plays
an important role in physiology (e.g. neurotransmission,
vascular regulation, airway function regulation [2]) and
the pathophysiology of different diseases (e.g. inflam-
matory airway diseases [3±5], chronic heart disease [6],
respiratory tract infections [7], septic shock [8], systemic
sclerosis [9]) the determination of exhaled NO might be
of considerable diagnostic and therapeutic importance.
Monitoring NO in exhaled air might thus provide a non-
invasive method for the clinical control of diseases and
especially of the success of therapeutic interventions. The
hypothesis that NO exhalation is elevated in asthma, sep-
sis, and airway as well as pulmonary inflammations [8,
10, 11] or decreased in chronic heart diseases [6], has
been confirmed by numerous working groups.

The measurement of exhaled NO is performed using
chemiluminescence detectors providing the required mea-
surement range [12] of 0.1±10,000 parts per billion (ppb).
NO is oxidized to high energy, excited state NO2* by
reaction with ozone (O3). When passing to the ground
state, a fraction of the excess energy of NO2* is dissipated
by emission of photons (chemiluminescence); this is used
for quantitative detection. Major fractions of energy are
dissipated by interactions with other components of the
analysed sample in the reaction chamber. The extent of
this energy transfer (quenching) by collisions with other
molecules is determined mainly by the chamber pressure

and the sample composition [13, 14]. Thus, variations in
sample composition may influence the chemilumine-
scence signal.

Exhaled air represents a complex mixture of substances
with more than 300 detected volatile compounds of exo-
genous or endogenous origin [15, 16], which might have
considerable effects on the result of NO measurement.
These are primarily carbon dioxide (CO2) and water, but
also different substances originating from metabolic pro-
cesses, e.g. heptane, acetonitrile, and acetone. Elevated
exhalation of some of these compounds occurs in certain
diseases, e.g. acetone in heart diseases [17] and diabetes
mellitus [18], pentane in arthritis and acute myocardial
infarction [19] or ethanol in arthritis, lung cancer, and
schizophrenia [20]. Furthermore, substances from exogen-
ous sources, especially when applied in high doses during
medical treatment (e.g. volatile anaesthetics or oxygen
during oxygen therapy), might influence NO quantifica-
tion. In this study, interferences of CO2, water, heptane,
acetonitrile, acetone, N2O and enflurane with the chemilu-
minescence process are investigated to improve reliability
and reproducibility of NO measurements in exhaled air.

Methods

NO was analysed with a TE 42S NOx analyser (Thermo
Environmental Instruments, Franklin, Massachusetts, USA)

Eur Respir J 2000; 16: 499±503
Printed in UK ± all rights reserved

Copyright #ERS Journals Ltd 2000
European Respiratory Journal

ISSN 0903-1936



equipped with two separate channels for NO and NO2

measurements. The detection range for NO was 0.01±240
ppb, the sampling rate was 1 L.min-1. A special feature of
this analyser is that NO-free gas ("zero gas") is produced
from aliquots of the sampled mixtures by cyclic passage
through an internal prereaction chamber. NO is completely
oxidized to NO2 before passing the main reaction chamber.
Thus, a sample-specific zero correction for background
noise is performed by comparison of the signals of internal
zero gas and sample. For the determination of NO2, the
sample is alternatingly passed through a molybdenum con-
verter where a complete reduction of NO2 to NO is per-
formed prior to the oxidation step in the ozone reaction
chamber. From the resulting total value for NO2 and NO,
the concentration of NO2 is calculated by subtracting the
NO value assessed without the reduction step.

Samples with defined NO concentrations were prepared
by diluting a certified reference gas (10 ppm NO in N2;
Westfalen AG, MuÈnster, Germany) either with N2 of high
purity (99.995%; Westfalen AG) for instrument calibration
or with certified NO-free air (Westfalen AG) for all other
measurements. Addition of further components was per-
formed by dividing the air stream and bubbling air via a
bypass through a flask with the respective liquid com-
ponent (water, heptane, acetone, acetonitrile, enflurane) or
by adding gaseous components (CO2, O2, nitrous oxide)
via high precision valves and flow controllers. Thorough
mixing of the components was accomplished by passing
the air stream through a tube with an irregular inner surface
generating a turbulent stream. Concentrations of added
gaseous components were adjusted by flow control, and
those of liquid components by variation of the bypass air
flow. Figure 1 shows a schematic drawing of the open
tube mixing device providing a continuous sample flow.
High precision valves, tubings and fittings, and flow con-
trollers were of polytetrafluoroethylene, stainless steel or
glass. The CO2 concentration (after dilution with air) and
the humidity of the samples were monitored with a Testo
400 multifunctional sensor (Testo, Lenzkirch, Germany).
The resulting concentrations of heptane, acetone, aceto-
nitrile, N2O, and enflurane were determined by gas chro-
matography with an HP 5890 chromatograph with FID
(or ECD for N2O and enflurane), HP ChemStation soft-

ware, 30 m HP-Plot molecular sieve 5 A column for N2O
(ID: 0.53 mm, film thickness 25 mm) or 50 m HP-5 cap-
illary column for all other substances (ID: 0.32 mm, film
thickness: 0.52 mm) (Hewlett Packard, Palo Alto, USA).
N2 was used as carrier gas in all separations.

Samples were taken near the end of the open tube
mixing device (fig. 1). To prevent aspiration of external
air, the sample flow was kept constantly above the ana-
lyser's sampling rate of 1 L.min-1 (total sample flow: 2
L.min-1).

The influence of CO2 on NO determination was tested
with CO2 concentrations of 1±10%. The influence of water
was measured in a range of 0±92% relative humidity;
concentration ranges for the other components were:
heptane: 0±3.5%, acetonitrile: 0±1.7%, acetone: 0±8.5%,
oxygen: 20±95%, enflurane: 0±2%, N2O: 0±60%. NO
concentrations were 0±250 ppb. Measurements were
performed in triplicate for each sample.

Results

A significant decrease in NO readings was found when
CO2 was added as interfering compound with concentra-
tions of 1±10% v/v. The slope of the calibration line for air
containing 5% (v/v) CO2 (0.865�0.014; p<0.001; 95%
confidence interval (CI) 0.849±0.881) was significantly
different from the line for CO2-free samples (line of iden-
tity) (fig. 2). The mean decrease was 1.97�0.62% per 1%
(v/v) CO2 (p<0.001) (fig. 3).

Humidification (92% relative humidity) led to a com-
parable decrease in readings. The slope of the calibration
line was 0.815�0.021 (p<0.001; 95% CI 0.785±0.846).
With increasing humidity, a mean decrease of 0.155�
0.040% (p<0.001) for each 1% relative humidity step was
found.

The influence of some components of exhaled air origi-
nating from endogenous sources was studied for heptane,
acetonitrile and acetone. While acetone in concentrations
up to 8.5% (v/v) had no measurable effect, heptane (0.75±
3.5% (v/v)) and acetonitrile (0.8±1.7% (v/v)) led to marked
decreases in NO readings. However, in contrast to the
findings with CO2 and humidity, the percentage of devia-
tion decreased with increasing NO concentrations (fig. 4),
thus pointing to different mechanisms of interference.
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Fig. 1. ± Schematic drawing of the open tube mixing device.
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Fig. 2. ± Calibration lines for nitric oxide (NO) in pure air (*) and for
NO in air containing 5% (v/v) CO2 (s). ppb: parts per billion.
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During medical treatment of patients some compounds
from exogenous sources, e.g. O2 from O2 therapy or vola-
tile anaesthetics during and after anaesthesia, might inter-
fere with NO measurement. Therefore the influence of
high concentrations of O2, N2O, and enflurane on NO
determination was studied. O2 in concentrations up to 95%
(v/v) had no measurable effect on NO readings. N2O was
added up to a concentration of 60% (v/v), which is com-
monly used in anaesthesia. A significant decrease in NO
readings was found (mean decrease per 1% (v/v) N2O:
0.608�0.033%, p<0.001). With a maximum N2O concen-
tration of 60% (v/v), the slope of the calibration line was
0.614�0.01 (p<0.001, CI 0.602±0.626).

The influence of enflurane, a volatile halogenated anae-
sthetic, was investigated in common anaesthetic concen-
trations up to 2% (v/v). Again a marked decrease of NO
readings was found. Statistical analysis of the data revealed
that due to the large variation of NO values measured and
the poor linearity of the calibration line, this decrease was
not significant (mean decrease per 1% (v/v) enflurane:
10.2�7.9%, p<0.87). The main reason for the poor repro-
ducibility of NO determination was found in an unexpect-
ed reaction of enflurane with the analyser's molybdenum
converter. Deposits of the reaction products (identified as

molybdenum oxichloride by mass spectrometric analysis)
in nearly all internal tubings led to instrument failure. The
reaction of molybdenum with enflurane and other halogen-
ated compounds and its influence on the performance of
the NO analyser has been further investigated, but the
results would exceed the scope of this article and are to be
published elsewhere.

Discussion

The results presented in this paper confirm that com-
pounds present in exhaled air interfere with chemilumin-
escence detection of NO. CO2 and water vapour as major
constituents of exhaled air both led to significant reduc-
tions in NO readings. This is in agreement with findings
reported by VAN DER MARK et al. [21], though there are
some discrepancies in the percentage decrease: 1.04%
[21] versus 1.97% (present study) decrease per 1% (v/v)
CO2 and 12.0% decrease at a water vapour pressure of
2.81 kPa [21] versus 14.3% (present study) at a vapour
pressure of 2.15 kPa (~92% relative humidity at 208C).
These discrepancies may be attributed to the different
analysers used. Since low pressure in the reaction cham-
ber reduces quenching effects [8], the higher values re-
corded in this study may be due to the chamber pressure
of 40 kPa, which is considerably higher than that of 5.2
kPa in the analyser used by VAN DER MARK et al. [21].
However, both studies led to the same conclusions, which
are discussed in detail by VAN DER MARK et al. [21] and are
therefore only summarized in this paper.

The influence of CO2 in physiological concentrations of
~4% on NO determination is limited and may be con-
sidered for the respective analyser. Differences between
mixed expired and end-tidal CO2 concentrations up to 2%
would lead to negligible variations in NO readings for
concentrations exhaled by normal healthy humans, but
might be of importance when exogenous NO in higher
concentrations is administered to patients for therapeutic
reasons. The influence of water vapour is more pronounc-
ed with a decrease of 14.3% at a sample temperature of
208C and a relative humidity of 92% (~2.15 kPa water
vapour pressure). With water-saturated exhaled air at
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Fig. 3. ± Decrease in nitric oxide (NO) readings with increasing CO2

concentration at different starting concentrations of NO.
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Fig. 4. ± Deviation (%) of nitric oxide readings as a function of NO concentration for a) a heptane concentration of 3.75% (v/v); and b) an acetonitrile
concentration of 1.55% (v/v).
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temperatures 30±378C, water vapour pressure would be
4.24±6.28 kPa, resulting in a decrease of 27±39% in NO
readings. The water vapour content of an exhaled air sam-
ple is thus determined by the sample temperature at the
analyser's sample inlet, which depends inter alia on the
means of sampling and the length of the sample transfer
tubings. To avoid variations in NO readings by CO2 and
especially by water vapour, which might be of the same
magnitude as the differences in NO exhalation described
for healthy and asthmatic subjects, the use of both CO2 and
water absorbers is recommended [21]. But it has to be
considered that, depending on the absorber material, NO
adsorption might occur. This is the reason why the use of
adsorbers is not recommended in the latest recommenda-
tions published by the American Thoracic Society (ATS)
[22]. Instead, errors due to humidity should be addressed
by each instrument manufacturer or, alternatively, avoid-
ed by use of Nafion tubes in the sample line, which
equilibrates samples and calibration gas to ambient humi-
dity. Instrument tolerances for quenching by CO2 and
water vapour should be <1% NO for each 1% level of
interfering compound.

Acetone, heptane and acetonitrile in exhaled air origin-
ate either from metabolic processes [16] or from bioac-
cumulation of inhaled pollutants [15]. Concentrations
found in samples of exhaled air from healthy humans
were 10±1,000 ng.L-1 [16]. Elevated concentrations of
acetone may be found in certain diseases (diabetes melli-
tus [18], chronic heart disease [17]), while heptane and
acetonitrile exhalation may be increased for example after
occupational exposure. Acetone up to 8.5% (v/v), which
is well above the concentrations found in patients with
diabetes mellitus (~0.04% (v/v) [23]), did not influence
NO measurements. Heptane and acetonitrile led to mark-
ed decreases in NO readings which, in contrast to the
findings with CO2 and H2O, depend both on the concen-
trations of the interfering compounds and on NO concen-
tration. These results point to a different mechanism of
interference. Nevertheless, for heptane and acetonitrile
concentrations found in exhaled air of healthy human
subjects, the interference is within the range of variation
of NO determination and thus might be ignored. Only
when higher concentrations of these compounds have to
be assumed, for example after occupational exposure,
possible interferences have to be considered.

Substances administered in higher concentrations for
therapeutic reasons might be another source of interference
in NO determination in exhaled air. This might apply for
example to O2 in O2 therapy or to volatile anaesthetics,
which are major components of exhaled air during surgical
operations and recovery from anaesthesia. Increasing the
O2 content of samples up to 95% (v/v) had no measurable
effect on NO determination. Differences observed were
within the variation of NO readings. These results differ
from those reported for the measurement of NO from com-
bustion systems, where O2 in high concentrations led to a
small but significant quenching of the NO signal [13].
Again the use of different analysers might be the reason
for these discrepancies.

Monitoring NO in the exhaled air of patients during
anaesthesia or during the recovery phase might be of con-
siderable diagnostic importance, for example as an early
predictor of sepsis [8]. N2O led to marked and significant
decreases in NO readings. At anaesthetic concentrations

of 60% N2O, a decrease of 36% was found. Correct NO
concentrations might be calculated for the respective
chemiluminescence analyser if N2O concentrations are
known. Thus simultaneous N2O monitoring during an-
aesthesia and during the recovery phase is a prerequisite
for precise NO determination.

The halogenated anaesthetic enflurane led to marked
decreases in NO readings. However, due to large variations
in NO values, this influence was not significant. The main
reason for this poor reproducibility was a reaction of en-
flurane with molybdenum from the converter of the NO2

channel, which resulted in major damage to the analyser.
Therefore, NOx analysers with molybdenum converters
should not be used with air samples containing haloge-
nated anaesthetics unless the NO2 channel is closed.

With growing knowledge of the pathophysiological role
of NO, applications for NO determination in exhaled air as
a diagnostic tool will increase. As the chemiluminescence
process used for NO quantification is subject to interfer-
ences by quenching compounds, a knowledge of these
interferences is an urgent need with respect to quality con-
trol. The influence of most organic compounds normally
present only in low concentrations in exhaled air of healthy
subjects is negligible. Interferences from higher concen-
trated substances (e.g. water vapour, CO2, anaesthetic gas-
es, organic compounds after occupational exposure) have
always to be considered. Suitable steps to minimize errors
in NO measurements for example according to the recom-
mendations of the ATS [22] should then be taken.
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